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Abstract: Much of Europe’s remaining wilderness areas are found in Iceland, yet few are formally
protected despite ongoing threats from renewable energy exploitation and 4 × 4 usage. Robust and
repeatable approaches are required to map wilderness landscape qualities in support of developing
policy on designations that meet international standards. We present an approach to mapping
wilderness that is based on internationally recognised methods and customised to suit the unique
nature of Icelandic landscapes. We use spatially explicit models of wilderness attributes that measure
human impact from vehicular access, land use and visible human features rather than relying on
proxy measures such as buffer zones. Seventeen wilderness areas are identified across the Central
Highlands and surrounding areas, totalling some 28,470 km2. These are compared to existing
mapping projects. The character of these areas is described using additional spatial data models on
openness, ruggedness and accessibility from settlements, together with information on mobile phone
coverage and grazing patterns. This is the most detailed mapping of wilderness in Iceland to date
and an important step towards the formal definition of boundaries of wilderness areas meeting IUCN
Category 1b and Wild Europe Working Definition in Iceland.

Keywords: wilderness quality; wilderness character; Iceland; Central Highlands

1. Introduction

Wilderness is an increasingly rare landscape resource characterised by the IUCN as
“protected areas that are usually large, unmodified or slightly modified areas, retaining
their natural character and influence, without permanent or significant human habitation,
which are protected and managed so as to preserve their natural condition” [1] (p. ii).
Recent research using global datasets has highlighted alarming rates of loss with estimates
ranging from a nearly 10% loss between 1993 and 2009 [2] to 175 km2 of wilderness lost
per day [3], most of it due to land-take for agriculture and urban expansion [4]. These
rapid rates of attrition comprise a principal threat to biodiversity conservation and UN
Sustainable Development Goals [5] such that the post-2020 Global Biodiversity Framework
of the Convention on Biological Diversity has placed “retaining wilderness areas” as the
first of 21 action-oriented targets for 2030 [6].

The European Parliament recognised the importance of protecting Europe’s wilderness
areas in February 2009 with a subsequent policy paper calling for wilderness to be defined,
mapped, and protected at all levels [7]. The resulting guideline document on wilderness
within the Natura 2000 protected area network refines the definition of wilderness in
Europe as “an area governed by natural processes . . . composed of native habitats and
species, and large enough for the effective ecological functioning of natural processes.
It is unmodified or only slightly modified and without intrusive or extractive human
activity, settlements, infrastructure, or visual disturbance” [8], p. 10. An EU wilderness
register and map published in 2013 highlighted disparities in wilderness protection across
Europe. This revealed interesting patterns in remaining wilderness within EU states and
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partner countries based on the mapping of potential naturalness of vegetation, remoteness
from settlements and other human infrastructure and remoteness from roads [9]. This
work shows clear altitudinal and latitudinal trends in these data with most of Europe’s
wildest landscapes being found in high-latitude (Arctic and near-Arctic) and high-altitude
(mountainous) areas. Other interesting trends are seen in the level of protection afforded to
the mapped wilderness with many large areas, particularly in northern Scandinavia and
Iceland, remaining unprotected despite possessing all the attributes of wilderness [10].

Retaining wilderness is one of the stated objectives of the Icelandic Nature Conser-
vation Act No 60/2013 (NCA), Article 3. Article 5 (19) of the Act defines wilderness as
“An uninhabited area that is in principle at least 25 km2 in size or in such a way that one
can enjoy solitude and nature there without disturbance from man-made structures or
the traffic of motorized vehicles and in principle at least 5 km away from structures and
other technical traces, such as power lines, power plants, reservoirs and built roads” [11].
While different from those definitions provided by the EU and IUCN, this is closely linked
to the conditions for designating lands as wilderness protected areas given in Article 46,
which states to retain the wilderness as “Large areas, in principle untouched by human
activities, where nature can evolve independently, may be legally designated as wilderness
protected areas” and that “The designation shall aim at protecting the characteristics of the
areas, for example to maintain diverse and unique landscape, openness and/or protecting
large ecosystems; and to ensure that present and future generations can enjoy solitude
and the nature without disturbance from man-made structures or the traffic of motorized
vehicles” [11].

These provisions were a novelty when the nature conservation law reform entered into
force late 2015, with the preparatory legislative work referring explicitly to IUCN Category
1b for wilderness designation. However, to date, no area within the Central Highlands
has been designated as a wilderness protected area despite provision for doing so within
the NCA. A more recent legal novelty, entering into force early 2021 and adding Article
73a, together with a temporary provision to the NCA, provides for the mapping of the
wilderness areas across Iceland “in line with internationally recognized methodology” [11].
The work presented here was initiated locally and developed by the paper’s authors against
this legal background.

Iceland is a unique and important case as regards wilderness in Europe and as such
is worth careful attention. The work of Kuiters et al. [9] shows that as much as 43%
of Europe’s top 1% wildest areas fall within Iceland, and as such, Iceland represents a
significant resource for nature protection as well as tourism and recreation [12]. While much
of this presents as the extensive icecaps of the Vatnajökull, Hofsjökull, etc., large areas of the
Central Highlands comprising ice-free hills, mountains, rivers, lakes and expansive gravel
plains are also included in the 43% figure. The fact that many of these areas are currently
unprotected highlights the need for appropriate and locally specific methods to assist
the authorities in identifying variations in wildness across Iceland building on the IUCN,
European and Icelandic definitions of wilderness as stated in the text of the 2013 NCA and
subsequent amendments. An Iceland-specific approach to modelling wilderness quality
that builds on existing recognised methods is therefore required to identify boundaries of
wilderness areas for designation and ensure future protection. Such methods are needed
to support the planning process through strategic and responsive “what if?” modelling of
proposed developments (e.g., renewable energy projects) to reliably predict and illustrate
the likely impacts should they go ahead [13].

Different countries and their local cultures often project different understandings of
what is meant by “wilderness” and what it means for landscapes and protected areas. In
Iceland, óbyggð víðerni (usually shortened to víðerni) is used as a legal term, which literally
translated means “uninhabited wilderness”. This corresponds broadly to IUCN Category
1b areas. However, in local vernacular, it is usual to use words such as óbyggðir (literally
meaning “uninhabited area”) and miðhálendi (as a place term referring specifically to the
uninhabited areas of the Central Highlands) [14]. Words aside, much of Iceland’s interior
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landscapes may reliably and reasonably be classified as wilderness once away from roads
and influences from other human infrastructure and land use.

The landscape of Iceland’s interior is unique within Europe, and perhaps the rest of the
world. It is characterised by a spectacular mix of glaciers and icecaps, wide flat gravel plains
(or ‘sandurs’), rolling hills and rugged mountains interspersed with glacier-fed rivers, hot
springs, and deep valleys [15]. The overall impression is of a primeval, almost moon-like
landscape shaped entirely by the forces of nature. Geologically speaking, Iceland is young
(the oldest exposed rocks are approximately 15–16 million years old) with volcanic landforms
of lava flows, cinder cones, geothermal areas and active volcanoes as key characteristics along
the volcanic rift zone of the Central Highlands [16]. Water, either in the form of snow and ice
or huge glacial rivers, lakes, ponds and springs, is also a key element that provides interest
and often forms a barrier to movement, thus increasing remoteness. Vegetation is often sparse
or non-existent with Arctic/Alpine plant communities and moss carpets dominating, with its
low stature creating an open landscape feel across much of the interior. Example landscapes
of the Central Highlands are shown in Figure 1.

In this paper, we develop an Iceland-specific approach to modelling wilderness quality
as a basis for robust mapping wilderness boundaries; the principal aim being to support
the Icelandic government in their designation process in meeting both the objectives of the
NCA (2013) and UN Sustainable Development goals. The specific objectives of the paper
are to: (a) modify existing and recognised wilderness quality models to create a custom
approach suitable for the Icelandic landscape; (b) apply IUCN and European wilderness
definitions and criteria to define existing wilderness areas and map their boundaries; and
(c) describe the wilderness character of the resulting areas based on additional spatial
attributes. We propose a 4Rs approach utilising:

1. Rigorous, spatially explicit models of attributes influencing wilderness quality;
2. Robust measurement of wilderness attributes describing human landscape impacts

such as remoteness (time taken to walk from nearest point of mechanised access),
visual impact (proportion of the landscape occupied by human features), and land
use (affecting perceived naturalness of ecosystems);

3. Repeatable analyses that can achieve the same results each time the model is run
enabling accurate predictions of impacts from proposed developments and associated
changes in wilderness quality; and

4. Reliable interpretations of wilderness definitions using best available data at high
enough resolutions enabling comparability of work at both local and national scales.

Previous mapping work has tended to focus primarily on the size and distance thresh-
olds outlined in the NCA and previous versions of the wilderness definition. While some
attempts have been made at visual impact analysis, the resulting maps interpret the more
objective part of the definition of wilderness from the NCA using simple buffers to identify
areas at least 3 or 5 km away from roads, buildings, and other human infrastructure, and
then reselecting those resulting areas that are at least 25 km2 in size [17]. One exception has
been the innovative use of Participatory GIS (PGIS) by Ólafsdóttir and Sæþórsdóttir [18] to
compare these areas with crowd-sourced perceptions of wilderness among local people
and tourists. Here, an online map is used together with a spray can tool (Map-Me) to allow
users to define their own wilderness areas by spraying directly on the map [19].

We suggest that buffer zones and reselections based on the distance and area thresholds
alone, as taken from the objective part of the NCA definition, are proxy measures and
do not measure actual impacts associated with human infrastructure within the Central
Highlands. As such, these fail to capture the core of the wilderness definition as intended
by the legislator. The application of such proxy measures needs to be carried out with care,
as the results can be misleading. For example, a rough, single-track gravel road can have
the same effect as a paved and elevated dual carriageway road, whereas its true impact is
dependent on its type (and traffic volume), how visible it is and how long it takes to walk
from it into the surrounding landscape. Weighted buffer zones using different buffer widths
to account for road type and traffic volume can go some way towards estimating variations
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in the degree of impact [20] but cannot accurately measure impacts in terms of naturalness,
visibility and remoteness. Other uncertainties and differences can be further introduced
in deciding which roads to include in the mapping exercise. Ostman et al. [20] exclude all
unpaved gravel roads from their maps with the result that the size and extent of wilderness
areas within the Central Highlands are greatly over-estimated despite these roads having
a similar impact to paved roads, at least in terms of remoteness from motorized access.
This is inconsistent with the legal text and interpretation of the NCA definition itself, and
furthermore, such a categorisation of roads is not supported by the NCA’s reference to
IUCN Category 1b criteria.

Rather than rely on proxy measures, we develop an Iceland-specific approach to
modelling impacts from human infrastructure and land use on wilderness quality that
is based on the actual measurement of these impacts using spatial interpretations of the
EU and IUCN wilderness definitions as suggested in the preparatory work of the NCA.
Our approach is based on the legal interpretation of reformed Icelandic law in the field of
nature conservation and wilderness as described above. Our research builds on existing,
internationally recognised methods, as suggested in the latest amendments to the NCA,
and applies these to Iceland with regard to the characteristics of the Central Highlands
landscape. Existing examples include mapping wildness in Scottish National Parks [21,22]
and wild land areas (WLAs) across Scotland by Scottish Natural Heritage [23]; mapping
Haute Naturalité, or high naturalness, across France for IUCN France [24]; mapping vari-
ations in wilderness characteristics in designated wilderness areas for the US National
Park Service [25]; and modelling variations in wilderness quality across China [26]. Adapt-
ing and enhancing these approaches enables us to model impacts on wilderness quality
with reference to the 4Rs and then apply EU and IUCN wilderness definitions to draw
wilderness protected area boundaries and describe their character. The resulting models
represent a more rigorous, robust, and reliable representation of actual patterns of wilder-
ness than those achievable using proxy measures and a tool with which the impacts of
proposed future developments and planning decisions can be accurately predicted through
repeat mapping.

 

Figure 1. Cont.
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(a) Hofsjökull (b) Vonarskarð 

  
(c) Jökuldalur (d) Ingólfsskáli 

Figure 1. Map and landscapes of the Central Highlands: (a) Hofsjökull, (b) Vonarskarð, (c) Jökuldalur,
(d) Ingólfsskáli.

2. Materials and Methods

A simple approach to modelling wilderness quality in Iceland would be to just apply
one of the existing methods such as that employed in Scotland [22]. However, the variety
seen in surface form and geographical context within the Central Highlands of Iceland
creates the need for a two-part model that can firstly model variations in wilderness quality
and secondly categorise individual areas depending on their landscape character and those
human features affecting public perceptions of wilderness.

The first part of the method is a more traditional “Wilderness Quality Index” (WQI),
based on a multi-criteria evaluation (MCE) of three principal attributes: (1) remoteness
from mechanised access (or time taken to walk from a motorised vehicle); (2) lack of
visual intrusion from modern human artefacts; and (3) perceived naturalness of land cover.
When used together, these key attributes can model the spatial variation in wilderness
quality, which can then help define wilderness core, buffer and transition zones by careful
application of appropriate size and areas thresholds derived from EU and IUCN wilderness
definitions. The second part of this model focuses on wilderness character using additional
spatial datasets to describe, map and tabulate the unique characteristics of the areas defined
in part 1 of the method. This includes further detail from spatial models of openness,
ruggedness and accessibility (time taken to drive from human settlements) and additional
information provided from maps of mobile phone coverage, livestock grazing and broader
landscape character assessments. This two-part method provides detail and nuance in
the mapping of key attributes and overall wilderness quality while providing further
information about the character of each of the resulting core wilderness areas, thus meeting
the need for a reliable, rigorous, robust and repeatable method that can be confidently used
to inform decisions about policy on protected areas. This is summarised in Figure 2.
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Figure 2. Model flow chart.

2.1. Method Development

Earlier work on wilderness quality mapping by Lesslie and Maslen [27] for the Aus-
tralian National Wilderness Inventory (ANWI) and adapted by Carver et al. [22] for Scot-
land’s national parks uses four wilderness attributes to create a combined map of wilderness
or a WQI. Many wild areas are often characterised by their rugged nature (thus limiting
their utility), but this is not always the case, leading to bias in mapped wildness towards
mountainous areas or rugged coastlines. For example, in the Scottish wild land mapping,
areas such as the low-lying Flow Country in the far northeast of the Scottish mainland
are under-represented due to the flat nature of the terrain, despite this landscape being
extremely challenging and difficult to cross due to its boggy nature. This is true also for
Iceland’s Central Highlands, where wilderness areas span a range of landscape types from
the many wide open gravel plains such as Sprengisandur and Hofsafrétt, and icecaps
including the Vatnajökull and Hofsjökull, while enclosed and rugged valleys are found
locally in other areas such as Nýjabæjarfjall in the north and Torfajökull/Fjallabak area in
the south (see Figure 1). Variations in topography thus have a marked influence on sense
of space and openness as well as impacting on patterns of visual impact and remoteness.

To control for this, the attributes used to map wilderness quality are restricted to
remoteness from mechanised access, absence of modern human artefacts, and perceived
naturalness of land cover, thereby avoiding possible bias by inclusion of a ruggedness layer
in this part of the method. These attributes, together with the data sources and approaches
used to map them, are described in Section 2.2 below.

Potential wilderness areas are defined by classifying the resulting WQI into interior
core, core, buffer, transition, and non-wild zones using statistical methods. Here, a Jenks
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Natural Breaks model is applied as per the Scottish WLA mapping [23]. The size and area
thresholds from the Wild Europe Working Definition for wilderness [28] are then applied
to these zones to produce a set of wilderness area boundaries meeting the criteria from
IUCN Category 1b guidelines and the NCA definition.

These areas are then described using additional information (including openness,
ruggedness, accessibility to centres of population, etc.) to create individual maps and
tabulate wilderness character descriptions building on the work and experience of the US
National Park Service ‘Keeping It Wild’ wilderness character mapping [25].

2.2. Wilderness Attributes

Three attributes are used to model spatial patterns of wilderness and create a WQI for
the Central Highlands area. Justification for their inclusion, data sources, models used, and
outputs are described for each attribute below.

2.2.1. Remoteness from Mechanised Access

Remoteness is a key element determining wilderness quality since it affects how a
human subject feels being separated from the modern world and our mechanical modes
of transportation and also reflects both the effort required to obtain a location by non-
mechanical means and personal risk/safety should something go wrong (e.g., injury or
bad weather). Remoteness is modelled here using Naismith’s Rule [29] as described by
Carver et al. [22] for mapping wildness in Scotland’s National Parks. Given the varied
and challenging nature of the terrain found within the Central Highlands, it is essential
to include terrain as a principal variable governing remoteness across the area. A GIS
implementation of Naismith’s Rule used here incorporates detailed terrain and land cover
information to estimate the time in seconds required to walk from the nearest point of
mechanised access, be that a paved road or gravel track, taking the effects of distance,
relative slope, ground cover and barrier features such as open water, large rivers, crevassed
areas of icecaps and very steep ground into account. This assumes remoteness to be directly
proportional to the time taken to walk from the nearest road across varied terrain and land
cover types. This is performed in ArcGIS Pro 3.0 using the Distance Accumulation tools.
The implementation of this model of remoteness requires a detailed terrain model and
ancillary data layers that are used to modify walking speeds according to ground cover.
The model incorporates barrier features as null values which force a detour to find a safe
and suitable crossing point. Datasets used are listed in Table 1.

Table 1. Data sources.

Name Data Type Source Use

Arctic DEM 10 m digital terrain
model Raster

https:
//www.pgc.umn.edu/data/arcticdem/

(accessed on 1 February 2021)

Remoteness,
viewsheds, openness,

ruggedness
LMĺ Landmælingar

Íslands
Roads, coastline,

buildings, etc. Vector https://www.lmi.is/is (accessed on
4 March 2021)

Remoteness,
viewsheds, accessibility

Landsnet Power line routes Vector https://www.landsnet.is/ (accessed on
19 June 2021) Viewsheds

Open Street Map Roads Vector

https://www.openstreetmap.org/
(accessed on 1 February 2021)

https://download.geofabrik.de/europe/
iceland.html (accessed on

1 February 2021)

Remoteness,
viewsheds, accessibility

AUI Farmland
Database Land cover Raster

https://www.moldin.net/nytjaland---
aui-farmland-database.html (accessed on

1 February 2021)

Naturalness,
remoteness

Landscan Population Raster https://landscan.ornl.gov/ (accessed on
22 August 2021) Accessibility
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2.2.2. Absence of Modern Human Artefacts

This attribute refers to the lack of obvious human constructions within the visible
landscape, including roads, vehicle tracks, pylons, dams, reservoirs, buildings and other
built structures. A subject’s feeling of both naturalness and remoteness is significantly
affected by the number of human features that are visible at any location within the area of
interest and their distance from them. The choice of which human features to include here
is driven largely by what is understood to act as a wilderness detractor [30]. Early work on
the effects of human artefacts on wilderness quality has tended to focus on simple distance
measures [31], with more recent work using measures of visibility of human artefacts
derived from viewshed analyses and digital terrain models [22] to calculate the area from
which a given artefact can be seen using line-of-sight from one point of a terrain surface to
another [32]. A similar approach to that used by Carver et al. [22,25] is adopted here using
artefacts that are deemed to have an impact on wilderness, together with a detailed digital
surface model (DSM) and a rapid viewshed assessment method developed for the earlier
Cairngorm wildness mapping project [33].

It has been shown that the reliability of viewsheds produced in GIS is strongly depen-
dent on the accuracy of the terrain model used and the inclusion of intervening features
(buildings, woodland, etc.) or terrain clutter in the analysis [34]. Modern human artefacts
are extracted from appropriate datasets (see Table 1) and assigned appropriate height values
reflecting how tall they are and, therefore, how prominent they appear in the landscape.
Roads are modelled with a 3 m height value used to represent an average vehicle height.
Cumulative viewsheds, weighted according to artefact type and distance, are produced
using the Viewshed Explorer tool [32] to show the relative effects associated with the pres-
ence and absence of human artefacts, and the results processed in ArcGIS Pro 3.0. Bishop’s
work [35] on the determination of thresholds of visual impact were used to help define the
limits of viewsheds and the distance decay function used.

An inverse square distance function is used in calculating the significance of visible
cells in the GIS database. This function gives the relative area in the viewer’s field of
view that a cell or feature occupies in comparison to the background terrain surface taking
distance decay effects and the intervening terrain into account. The output is a unitless
grid, the numbers in which are dependent on the area of terrain and input features visible
from any point on the terrain surface.

2.2.3. Perceived Naturalness of Land Cover

Perceived naturalness is described here as the extent to which land management, or
lack of it, creates a pattern of vegetation and land cover which appears natural to the casual
observer. Perceptions of wilderness are in part related to evidence of land management
activities such as fencing, improved pasture and stocking rates, as well as presence of
natural or near-natural vegetation patterns. Here, the AUI Farmland [36] data were used
to describe perceived naturalness in the Central Highlands. Aspects of land management
are identifiable from national land cover datasets and enables their reclassification using
additional input from local experts (including mountain guides and park rangers) into the
naturalness classes shown in Table 2.

To account for the influence that patterns of land cover within the area immediately
around the observer location has upon perceived naturalness, the mean naturalness class is
calculated for each location within a 250 m radius neighbourhood using the Focal Statistics
tool in ArcGIS Pro 3.0. This unitless value is then assigned to the target cell to represent the
overall naturalness score for that location.

2.3. WQI and Zone Definition

A simple weighted linear summation MCE model is used to combine all three wilder-
ness attributes into a final WQI. All input attribute layers are normalised onto a common
unitless scale that enables cross comparison. This is accomplished by rescaling values
onto a 1–256 scale (256 values) using the equal intervals option in ArcGIS Pro 3.0 Slice
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tool, where low values are indicative of lower wildness. These normalised values are
then applied using an equally weighted MCE analysis within the ArcGIS Pro 3.0 Raster
Calculator. This allows the effects of each value to be accounted for and a final value for
wildness calculated. Weighting of individual attribute layers may then be altered to account
for different perceptions on priorities attached to each attribute but are maintained as equal
in this exercise assuming each input layer to the model is of equal importance.

Table 2. Naturalness classifications applied to AUI Farmland Data.

Naturalness Class Land Cover Class (from AUI Farmland Database)

0 No Data

1 Built

2 Cultivated Land/Shrubland

3 Grassland/Unknown (Lowland Vegetated)

4 Rich Heathland/Poor Heathland

5 Mossland/Damp Wetland/Wetland/Poorly
Vegetated/Barren/Lakes/Glacier/Unknown

This is a continuous model that ranges from least to most wild, and while useful as an
indication of these internal patterns, it needs to be reclassified into zones for it to be useful
in a planning and policy context for supporting decisions about protected area boundaries.
The WQI is therefore reclassified into Interior Core, Core, Buffer and Transition zones based
on a Jenks “Natural Breaks” Classification model. This follows the approached used by
SNH in their 2014 Phase 2 map of Wild Land Areas in Scotland [23]. The method examines
the distribution of the WQI values across the mapped area and divides these into a specified
number of classes such that the difference from the mean within each class is minimised.
The classification used here uses 5 classes as per the SNH 2014 methodology, with class 5
being labelled ‘Interior Core’, class 4 as ‘Core’, class 3 as ‘Buffer’, class 2 as ‘Transition’ and
class 1 being ‘Not Wild’. The Wild Europe Working Definition for wilderness areas is used
to identify ‘Core’ and ‘Core plus Contiguous Buffer’ areas larger than 3000 ha (30 km2) and
>10,000 ha (100 km2), respectively [28]. Jenks class 3 areas not contiguous with ‘Core’ areas
> 3000 ha (together with any class 4 areas < 3000 ha) are classified as ‘Buffer’ and all class 2
areas as ‘Transition’ zones. All class 1 areas are classified as ‘Not wild’.

2.4. Wilderness Character

The wilderness zones derived using the above classification are further classified
according to a range of variables describing their geographical nature and wilderness
character. This includes area, elevation range, openness, ruggedness, accessibility, mobile
phone coverage, livestock grazing and landscape character classes. Further spatial models
are needed to map openness, ruggedness and accessibility to centres of population.

2.4.1. Openness

Openness follows the method developed by Yokoyama et al. [37] as a measure to
display surface features on a terrain model using a method independent of a light source
and as an alternative to other methods such as hillshading. The method allows for the
enclosure of each cell to be represented graphically, thus differentiating between wide open
spaces and closely enclosed valleys, assisting in defining the openness characteristics of
each identified wildland area. Topographic Openness is calculated from the terrain model
using the Skyview tool within the QGIS SAGA toolbox. This generates values representing
the proportion (percentage) of visible sky for each cell within the dataset.
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2.4.2. Ruggedness

Ruggedness is taken to refer to the physical characteristics of the landscape including
effects of steep and rough terrain that is frequently found across the Central Highlands. A
terrain model is used to derive indices of terrain complexity based on total slope curvature
(rate of change of slope in both plan and profile). Areas where curvature changes frequently
are identified because they are deemed to represent rapidly changing terrain and hence
ruggedness. A simple index defined as the standard deviation (SD) of total terrain curvature
within a 250 m radius of the target location is used to map variations in terrain ruggedness
utilizing the Curvature and Focal Statistics tools in ArcGIS Pro 3.0.

2.4.3. Accessibility

While there is a relatively well-developed network of gravel roads across parts of the
Central Highlands, with corresponding effects on remoteness from mechanised access as
described in Section 3.2, much of Iceland’s interior has a remote feel due in part to the time
it takes to get there from the main centres of population. This is an essential aspect of the
Central Highlands’ wilderness character and is modelled here using a population-weighted
accessibility surface taking the road network, road type and average speed of driving
into account. A combination of a Cost Distance surface calculated using the Distance
Accumulation tool in ArcGIS Pro 3.0 and a simple weighted linear summation model in
the Raster Calculator is used with centres of population extracted from LandScan global
population data. Here we use population density thresholds (n = 10) to identify a range of
population centres from farmsteads and villages to major towns and the city of Reykjavik.
These are used as journey source locations (origins) for the Cost Distance calculations based
on average estimated driving speeds according to road type and a background offroad
walking speed of 5 km/h. This enables the calculation of isochrone surfaces providing a
‘time taken to travel’ surface for each of the population density thresholds which are then
combined using the Raster Calculator in a linear weighted summation model using the
relative population thresholds as weights.

Maps from other existing sources are used to derive wilderness character information
pertaining to mobile phone coverage, livestock grazing and landscape character assess-
ments. Mobile phone coverage is remarkably good across much of Iceland, including the
Central Highlands. This is an important additional factor influencing wilderness character
since it affects the sense of remoteness. The ability to make an emergency call to summon
help should it be needed (e.g., in case of personal injury, vehicle breakdown, navigational
error, etc.) along with access to digital maps and GPS location has a significant impact on
wilderness character, self-reliance, solitude and risk. Livestock grazing is carried out over
the summer in parts of the Central Highlands. This includes both sheep and horses, the
latter being used principally for recreation. Associated with this grazing activity is fencing,
4x4 tracks and small huts/shelters. As a human economic land use, grazing of animals
and associated infrastructure has an influence on wilderness character in the areas where
it takes place. Finally, landscape character has been mapped across Iceland and the 27
different landscape type units across 7 categories described in a recent report prepared by
EFLA and Land Use Consultants, Scotland [38]. The boundaries of these landscape units
and the information contained in the report are used here to supplement the information
wilderness character.

3. Results

Results from the analysis and models applied are presented as a series of three nor-
malized and unitless wilderness quality attribute maps. These are combined to create a
WQI which is in turn classified into wilderness zones and a series of seventeen separate
wilderness areas meeting the criteria for European wilderness areas. Three wilderness
character maps are also presented to illustrate how further spatial data models can be
used and combined with existing maps to describe the unique characteristics of each of the
seventeen wilderness areas.
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3.1. Remoteness from Mechanised Access

Remoteness from mechanised access is calculated here using the above methods
described in Section 2.2.1 for both summer and winter conditions to account for differences
that occur between the two main seasons. During the summer months, vehicles are
restricted to established roads, and off-road driving is specifically prohibited. However,
during the winter months these rules are relaxed, and except for some restricted areas,
vehicles may travel anywhere in Iceland provided there is sufficient snow and ice cover.
The difference in relative remoteness between walking (summer or winter) and off-road
driving in 4 × 4 “super jeep” vehicles (winter) is very noticeable, with these vehicles
being able to cover greater distances in shorter times. This has potentially far-reaching
implications for the designation of areas of IUCN Category 1b wilderness, as described
later in the paper. Both summer and winter remoteness surfaces are shown in Figure 3.

(a) 

Figure 3. Cont.
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(b) 

Figure 3. Summer (a) and winter (b) remoteness surface.

3.2. Absence of Modern Human Artefacts

Absence of modern human artefacts is used to represent the degree of visual intrusion
from built structures in the landscape. The model additionally highlights areas which are
in total shadow from all visual features owing to the shape of the local landscape. Such
areas of zero visual intrusion from modern human artefacts currently comprise a significant
portion of the core areas of the Central Highlands, many of which occupy the interior and
valleys which are entirely shielded by their topography. While occurring less frequently in
the proximity of modified areas, pockets entirely bereft of visual intrusion can be found
everywhere, owing to the high relief and general ruggedness of the terrain. The output
layer describing the absence of modern human artefacts, including buildings and other
structures, roads, hydro-power schemes and power lines, is shown in Figure 4, with areas
of zero visual intrusion highlighted in white.
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Figure 4. Absence of modern human artefacts.

3.3. Perceived Naturalness of Land Cover

Perceived naturalness of land cover is mapped from the AUI Farmland Database using
the methods described in Section 2.2.3. The resulting attribute map is shown in Figure 5.
Except for the areas immediately surrounding roads, huts, reservoirs and associated power
infrastructure, the vast majority of the Central Highlands presents as the highest category
on the naturalness scale. The effects of farming and urban areas around the coast fringe are
clearly visible in the lower naturalness scores seen in these regions.
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Figure 5. Perceived naturalness of land cover.

3.4. Wilderness Quality Index

The final WQI is shown in Figure 6. This shows the pattern in spatial variations in
wilderness quality across the whole of the Central Highlands study area taking the three
wilderness attributes of remoteness, visual impact from human features and naturalness
of land cover into account. A series of five wilderness zones based on the reclassification
of the WQI is shown in Figure 7. Strong spatial patterns influenced by the major icecaps
of the Vatnajökull, Hofsjökull, Langjökull and Mýrdalsjökull can be seen as defining the
Interior Core wilderness zones and the network of gravel roads, powerlines, hydro-power
schemes and other human infrastructure playing a major role in defining the pattern of
buffer and transition zones. Hydro-power reservoirs are large unnatural features and so
stand out particularly strongly in Figure 6. Roads and power lines emanating from these
complete the picture, dissecting the Central Highlands area into a series of large wilderness
areas (Core and Interior Core zones) and their surrounding Buffer and Transition zones
in Figure 7.
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Figure 6. Wilderness Quality Index (WQI) for the Central Highlands.

3.5. Wilderness Area Definition

Applying the size/area constraints from the Wild Europe Working Definition identifies
Core wilderness zones as Interior Core and Core areas (Jenks classes 4 and 5) larger than
3000 ha (30 km2) together with contiguous buffer zones (Jenks class 3) larger than 10,000 ha
(100 km2) as wilderness. These are shown in Figure 8 together with core areas less than the
required 3000 ha and transition zone (Jenks class 2) as possible IUCN Category 2 areas. This
results in the delineation of seventeen wilderness areas across the Central Highlands and
adjacent landscapes. Of these, fourteen lie inside the Central Highlands and three outside,
totaling some 28,470 km2, of which 26,404 km2 is inside and 2066 km2 is outside the area
of interest. Together, these cover over 47 percent of the Central Highlands area of interest
(55,400 km2), plus three in adjacent areas, of which 19,500 km2 is public land and 8970 km2

privately owned. Also shown on this map are the existing protected areas. These include
the internationally important Vatnajökull National Park, the Mývatn-Laxá and Þjósárver
Ramsar Sites and the Þjórsáver and Fjallabak Nature Reserves, but crucially in respect to
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the work and results presented here, there are no extant designated wilderness areas. While
these wilderness areas are geographically distinct, some are divided and fragmented by
narrow corridors created by gravel roads, further illustrating the significance of mechanised
access on remoteness and visual impact.

Figure 7. Wilderness zones in the Central Highlands.
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Figure 8. Wilderness areas 1–17 meeting Wild Europe Working Definition.

3.6. Wilderness Character

The wilderness areas shown in Figure 8 are further classified according to a range
of variables describing their geographical nature and wilderness character, including the
modelled and normalized variables for openness, ruggedness and accessibility as shown
in Figures 9–11. Table 3 summarises each of the seventeen wilderness areas by their
geographical characteristics. The character of each wilderness area is described in further
detail. Area 12 Vatnajökulssvæðið is provided here as an example (see Figure 12).
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Figure 9. Obtained values for Openness for the Central Highlands.

Table 3. Wilderness character summary figures.

No 1 Name Area (km2) Altitude (m)
Openness
(Mean, %)

Ruggedness 2

(Mean)
Accessibility 3

(Mean)

1 Keflavík og Látraströnd 124 17–1168 88 1.54 22,180
2 Heljardalsfjöll 2083 30–983 97 0.40 30,213
3 Náttfaravíkur og Kinnarfjöll 237 9–1214 91 1.11 20,507
4 Tröllaskagi 1478 34–1440 89 1.33 18,167
5 Smjörfjöll 870 109–1255 96 0.53 29,108
6 Dimmifjallgarður 511 351–1037 96 0.52 25,968
7 Nýjabæjarfjall 1198 189–1541 93 0.93 19,060
8 Bleiksmýrardalur 1402 130–1254 96 0.62 20,225
9 Ódáðahraun 1379 382–1678 98 0.44 29,226
10 Fljótsdalsheiði 413 297–710 99 0.25 29,548
11 Askja í Dyngjufjöllum 380 523–1517 96 0.60 29,530
12 Ríki Vatnajökuls 12,315 4–2108 97 0.53 30,002
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Table 3. Cont.

No 1 Name Area (km2) Altitude (m)
Openness
(Mean, %)

Ruggedness 2

(Mean)
Accessibility 3

(Mean)

13 Hofsjökull og Þjórsárver 1907 554–1789 98 0.35 18,796
14 Langjökull 2095 294–1670 97 0.45 14,472
15 Trölladyngja 546 750–1465 98 0.38 25,674
16 Fjallabak 408 67–1383 93 1.26 14,115
17 Mýrdalsjökull og Eyjafjallajökull 1124 56–1637 95 0.87 13,426

1 Number code for each of the seventeen wilderness area corresponding to the numbers and locations shown in
Figure 8. 2 Ruggedness is a unitless number calculated as standard deviation of slope curvatures (rate of change
of slope) within a 250 m radius. Higher numbers indicate greater ruggedness. 3 Accessibility is a unitless number
calculated as a population and distance weighted surface taking typical road class driving speeds into account.
Lower numbers indicate an area closer to more populated areas, such as Reyjavik and Akureyri (with shorter
driving times), and higher numbers indicate those further away (with longer driving times).

Figure 10. Obtained values for Ruggedness for the Central Highlands.
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Figure 11. Obtained values for accessibility for the Central Highlands.
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Figure 12. Vatnajökulssvæðið wilderness character and description.
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4. Discussion

The use of proxy measures for wilderness area mapping has its origins in some of the
earliest global scale mapping. McCloskey and Spalding [31] defined the world’s remaining
wilderness as those areas more than six kilometres from the nearest settlement, road,
railway or navigable river using 1:2 million scale Jet Navigation Charts. Ibisch et al. [39]
provide a more up-to-date estimate of the world’s remaining roadless areas using a buffer
distance of 1 km, finding that only 7% of the world’s land surface is covered by roadless
areas greater than 100 km2. While such buffers are useful as global proxies, remoteness and
visual impact are better modelled using more sophisticated methods at national or local
scales. For example, is it safe to assume that all roads are equal? Does a paved highway
exert a greater influence than a gravel track? Does a small cluster of farm buildings have
the same impact as a large town or city? How does topography and associated barriers
to movement and resistance to travel affect their impact? Does the fact that you can or
cannot see the nearest road from where you stand alter how you think about remoteness?
All these factors and their influence are too complex to map using simple buffer zones
and thus require more nuanced models that measure their impact in terms of remoteness
and visibility.

It is instructive to compare the wilderness areas in Figure 8 with previous wilderness
maps drawn for Iceland. These include the EU Wilderness Index [9], the map provided by
Ólafsdóttir and Runnström [40], and the most recent map by Ostman et al. [20]. Figure 13
shows these maps superimposed over the seventeen wilderness areas from Figure 8. A
simple visual comparison of the wilderness areas developed here and those based on the EU-
level WQI from Kuiters et al. [9] in Figure 13a demonstrates a reasonable degree of similarity.
This is only to be expected since, despite differences in criteria, data and approach, these
maps are dealing with the same landscape and the same underlying characteristics of
wilderness, namely, remoteness and naturalness, measured along a continuum from least
to most wild. Comparisons with those maps derived from simple buffer zones around
selected human features show much larger levels of disagreement, with the maps from
Ólafsdóttir and Runnström [40] and Ostman et al. [20] including substantially greater areas
of wilderness when compared to the results of the current analysis.

The Ólafsdóttir and Runnström [40] map in Figure 13b is a straightforward spatial
mapping of the criteria described in the previous text of the NCA No 44/1999, which maps
those areas more than 5 km from a road or building as simple buffers and then selects those
that are more than 25 km2 in size. Here, all buildings and public roads are used regardless
of road grade or building size, with the result that a small hut or shelter has the same effect
as a large geothermal power station on the wilderness buffers. The scale of development
and the influence or impact that this has on the landscape is therefore not considered. The
work by Ólafsdóttir and Runnström [40] does expand the mapping further by including
a binary viewshed analysis to show the zones of theoretical visibility (ZTVs) of human
features, but this is not included in the final wilderness map.

The Ostman et al. [20] map shown in Figure 13c employs the same criteria but excludes
gravel roads from consideration, despite their proven impact on remoteness and visibility.
Previous work by Árnason et al. [41] applied the 5 km buffer to all roads in the national
register of the Road Authority, producing a map that is much nearer to that by Ólafsdóttir
and Runnström [40]. Ostman et al. [20] apply buffers of 3 km and 5 km around power
lines depending on the voltage level. There is an attempt to take relative level of impact
into account by varying the buffer distances applied based on a scoring system calculated
from the use and number of buildings/structures present, their surface area, visibility and
connection to the road network, while paved roads are buffered at a uniform 5 km. The
resulting wilderness area boundaries are much more extensive than those presented by
Ólafsdóttir and Runnström [40] or in the work presented here and conform more closely to
the suggested IUCN Category 2 areas shown in Figure 8. This is largely due to the exclusion
of gravel roads from consideration and the use of simple buffering, albeit modified with a
scoring system.
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The exact boundaries of the core areas and buffer/transition zones drawn here in
Figure 8 are, in contrast, derived from detailed spatial data and models that measure the
impact of human artefacts, remoteness and naturalness to create a WQI rather than relying
on simple proxies such as distance buffers. The WQI is classified using statistical methods
that take the full range of wilderness quality measures across the Central Highlands into
account. As a result, the boundaries at this stage tend to be complex and quite fragmented
as seen in Figure 8. It is suggested here that these will need to be simplified for planning
and policy use (as with the Phase 3 WLA boundaries produced by SNH [23]), but that the
maps provide a rigorous and robust approach to informing such policy decisions at a later
stage in the designation process.

The reliability and repeatability of the methods developed here naturally lend them-
selves to “what if?” analyses of proposed future developments. This, again, can provide
an invaluable source of information to support planning and policy decisions regarding
development proposals for significant infrastructure within or adjacent to wilderness areas.
Such repeat modelling of wilderness quality with and without the features in place can be
used to gauge the impact of the proposed development and quantify the area of wilderness
lost should the development be allowed to move forward.

 

(a) 

Figure 13. Cont.
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(b) 

(c) 

Figure 13. Comparison with wilderness maps from: (a) Kuiters et al. (2013), (b) Ólafsdóttir and
Runnström (2011), and (c) Ostman et al. (2021).
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Winter driving offroad over snow and ice remains an issue that requires further
attention. While much of the mapping and analysis carried out here relates to summer
conditions and rules (e.g., limiting vehicles to those roads usable by the public), the maps
in Figure 3 demonstrate the potential effect of winter offroad driving in greatly reducing
remoteness. This is an issue that could potentially limit opportunities for the Icelandic
government to designate large areas of the Central Highlands under IUCN Category 1b
due to the explicit exclusion of mechanical means of transportation in IUCN wilderness
area guidelines. This requires careful engagement with the 4x4 community to explore
options for limiting offroad winter driving to certain areas outside of mapped wilderness
cores as mentioned in Article 46(2) of the NCA “ . . . and to ensure that present and
future generations can enjoy solitude and the nature without disturbance from man-made
structures or the traffic of motorized vehicles”.

5. Conclusions

The co-related aims of protecting pristine nature and facilitating tourism and recre-
ational use is a key challenge facing the Icelandic government in the Central Highlands.
This requires striking a careful balance between visitor use, resource exploitation and the
preservation of nature [42]. Nowhere is this more important than in the potential conflicts
between winter offroad driving, renewable energy developments and wilderness desig-
nation. Detailed and accurate mapping of landscape attributes and human impacts are
key to sustainable decision making about wilderness landscapes in this regard. This paper
presents a significant improvement on existing approaches to mapping wilderness areas
in Iceland both in terms of detail and methods used and one that carefully considers and
takes account of local nature conservation legislation.

The work described is the most detailed and accurate mapping of wilderness quality
and wilderness character for the Central Highlands of Iceland that has been carried out
to date. This has enabled the definition of seventeen separate and distinct wilderness
areas along with surrounding buffer and transition zones. A key advantage over existing
studies is the use and adaptation of internationally recognised methods and wilderness
standards which use direct measurement and modelling of spatial factors determining
wilderness quality. This is supplemented by wilderness character assessments based on
additional mapping and descriptions of spatial factors affecting the individual wilderness
landscapes and their unique character. The use of a 4Rs approach ensures rigour, robustness,
repeatability, and reliability in the work carried out.

The work and the maps presented in this paper differ significantly from previous work
in that rather than using simple distance/area proxies, the attributes mapped here represent
the actual measurement of human impacts from land use, settlement, and infrastructure
development on wilderness landscapes. The WQI and seventeen wilderness areas identified
can be seen as an important step towards the formal definition of boundaries of wilderness
areas meeting IUCN Category 1b and Wild Europe Working Definition in Iceland. Further
work is recommended to complete the mapping for the whole of Iceland as mandated in the
amendment to the 2013 NCA in Article 73a 2021 [11]. This could be supplemented where
necessary by additional models to account for variations in remoteness around the coastal
areas and islands, where different modes of travel/access will play an important role, and
by comparison with ecological data on protected habitats and species distributions.

Finally, we suggest that the 4Rs approach developed here, along the methods and
models applied, could be usefully applied across all countries of Europe taking the individ-
ual national datasets and conditions pertaining to wilderness and its relevance to social,
political and cultural understanding into account. This could, with cross-border collabora-
tion where necessary, help better map the patterns of Europe’s remaining wilderness areas
and inform decisions regarding their future protection in meeting the recommendations
from the European Parliament resolution on wilderness [7] and joint agreements on nature
protection and restoration of degraded ecosystems under the UN Sustainable Development
Goals [5], the Global Biodiversity Framework Convention on Biological Diversity action
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oriented targets and the recent Kunming–Montreal agreement calling on signatories to
protect 30% of land and sea for nature by 2030 [43]. If we are to meet these commitments,
then rigorous, robust, reliable and repeatable methods of mapping wilderness boundaries
will be required in supporting the decisions made.
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Abstract: Maintaining and improving the connectivity of protected areas (PAs) is essential for
biodiversity conservation. The Post-2020 Global Biodiversity Framework (GBF) aims to expand the
coverage of well-connected PAs and other effective area-based conservation measures to 30% by
2030. We proposed a framework to evaluate the connectivity of PAs and developed strategies to
maintain and improve the connectivity of PAs based on PA connectivity indicators, and we applied
this framework to China’s terrestrial PAs. We considered that the concept of PA connectivity is at the
level of both PA patches and PA networks, including four aspects: intra-patch connectivity, inter-patch
connectivity, network connectivity, and PA–landscape connectivity. We found that among China’s
2153 terrestrial PA patches, only 427 had good intra-patch connectivity, and their total area accounted
for 11.28% of China’s land area. If inter-patch connectivity, network connectivity, and PA–landscape
connectivity were taken as the criteria to evaluate PA connectivity, respectively, then the coverage of
well-connected terrestrial PAs in China was only 4.07%, 8.30%, and 5.92%, respectively. Only seven
PA patches have good connectivity of all four aspects, covering only 2.69% of China’s land. The
intra-patch, inter-patch, network, and PA–landscape connectivity of China’s terrestrial PA network
reached 93.41%, 35.40%, 58.43%, and 8.58%, respectively. These conclusions indicated that there is
still a big gap between China’s PA connectivity and the Post-2020 GBF target, which urgently needs
to be improved. We identified PA patches and PA networks of ecological zones that need to improve
PA connectivity and identified improvement priorities for them. We also identified priority areas
for connectivity restoration in existing PAs, potential ecological corridors between PAs, and priority
areas for PA expansion to improve the connectivity of PAs in China. Application of our framework
elsewhere should help governments and policymakers reach ambitious biodiversity conservation
goals at national and global scales.

Keywords: biodiversity conservation; connectivity; protected areas; dispersal probability; least-cost
distance; ecological corridor

1. Introduction

Biodiversity loss and climate change are urgent and critical crises to which humanity
must respond [1–3]. Connectivity can facilitate a range shift and the climate resilience of
species [4,5]. Maintaining and improving connectivity is essential for achieving long-term
biodiversity outcomes in response to climate change [6–8]. Research has shown that habitat
connectivity is sensitive to climate change and may be lost more rapidly than habitat
area [9,10]. In summary, connectivity loss has a robust, lasting, and negative impact on
biodiversity and is, therefore, a major threat to biodiversity maintenance [11,12].

The establishment of protected areas (PAs) is a vital initiative for biodiversity con-
servation [13–16], and connectivity is necessary, and even of central importance, for the
effectiveness of PAs [17,18]. Both the Conservation for Biodiversity Aichi Targets [19] and

Land 2022, 11, 1670. https://doi.org/10.3390/land11101670 https://www.mdpi.com/journal/land
29



Land 2022, 11, 1670

the Post-2020 Global Biodiversity Framework (GBF), which is under discussion globally,
emphasize the importance of PA connectivity and set global PA connectivity targets. Aichi
Targets and the First Draft of the Post-2020 GBF call for 17% and 30%, respectively, of the
global land area to be conserved through well-connected PAs and other effective area-based
conservation measures (OECMs) [19,20].

Research on connectivity evaluation has led to the development of different connec-
tivity indicators [21,22]. The probability of connectivity (PC) is a widely used indicator
to evaluate the connectivity of PAs [23–25]. Based on PC, Saura et al. (2018) used the
ProtConn indicator and found that only 7.5% of global terrestrial land is covered by well-
connected PAs, whereas in case of China, the value is 8–12% [26]. Ward et al. (2020) used
the ConnIntact indicator and found that intact land structurally connected only 10% of the
terrestrial PAs globally [27]. Among the existing global PA connectivity assessment studies,
some focused on the connectivity of the PA network including intra-patch connectivity and
inter-patch connectivity [25,26,28], while others concentrated on the connectivity between
PA patches (inter-patch connectivity) [27,29]. It is necessary to integrate the connectiv-
ity at different levels and aspects into a unified framework to comprehensively describe
connectivity and propose systematic approaches to address it accordingly.

We considered that the concept of PA connectivity includes the intra-patch connectivity,
inter-patch connectivity, network connectivity, and PA–landscape connectivity of both PA
patches and PA networks (Figure 1) based on previous studies [23,27,30–32]. For a PA
network that includes several PA patches located in a landscape, we distinguish the above
concepts of connectivity according to the following definition. The intra-patch connectivity
of a PA patch means the connectivity within the PA patch. The inter-patch connectivity of a
PA patch means the connectivity between it and other PA patches within the PA network.
The network connectivity of a PA patch means its connectivity with the PA network that
includes its intra-patch connectivity and its inter-patch connectivity with other PA patches.
The PA–landscape connectivity of a PA patch means the connectivity between this PA patch
and the whole landscape. The intra-patch connectivity of the PA network includes the
connectivity within every PA patch of the PA network. The inter-patch connectivity of the
PA network includes the connectivity between every patch pairs within the PA network.
The network connectivity of the PA network includes the intra-patch connectivity of every
PA patch within the PA network and the inter-patch connectivity between every patch pair
within the PA network. The PA–landscape connectivity of the PA network includes the
connectivity between every PA patch and the whole landscape.

This study proposed a set of indicators to evaluate the PA connectivity of both PA
patches and PA networks based on dispersal probability and the PC indicator [23], and all
of these indicators range from 0 to 1. The probability of connectivity of intra PA patches
(PCintra) indicator measures intra-patch connectivity, the probability of connectivity of
inter PA patches (PCinter) indicator measures inter-patch connectivity, the probability of
connectivity with the PA network (PCnet) indicator measures network connectivity, and
the probability of connectivity with the whole landscape (PCland) indicator measures
PA–landscape connectivity. We established a PA connectivity evaluation and strategy
development framework based on these PA connectivity indicators (Figure 1).

The aim of this study is to provide a framework on PA connectivity evaluation and
improvement for post-2020 biodiversity conservation and illustrate how this framework
can be applied and guide the management of PAs, using China as an example. In the
methods section, we explain the calculation methods of different connectivity indictors
and how to determine the connectivity maintenance or improvement strategies according
to the connectivity evaluation results. In the results section, we show the calculation
results of the connectivity indicators of the PA networks and PA patches in China, the
connectivity strategy classification results of PAs based on connectivity indicators, and the
spatial priority area to improve PA connectivity in China.
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Figure 1. A framework for protected area (PA) connectivity evaluation and strategy development
based on connectivity indicators and conducted from four perspectives: intra-patch, inter-patch,
network and PA–landscape connectivity.

2. Materials and Methods

2.1. Protected Areas and Ecological Zones

The natural conservation geographical regionalization scheme of China [33], which
aims to guide China’s biodiversity conservation and establishment of the PA system, was
adopted in this study. This biogeographic regionalization scheme divides China’s land
into 38 terrestrial ecological zones. The South China Sea island tropical humid zone (VIII2),
which has no terrestrial PAs, was not included in the analysis. This study assumed that
PAs need to connect with PAs within the same ecological zone, and we evaluated PA
connectivity separately at the ecological zone scale.

We used data collected for various types of terrestrial PAs in China, including
819 polygons and 3163 points. The polygon data included data for 10 national parks,
which were mapped according to the national park pilot area plans released by the Chinese
government. Data for 252 national nature reserves and 377 local nature reserves were
extracted from information published by the Chinese government. The data were merged
with data on 180 PAs in China provided by the World Database on Protected Areas (WDPA)
for September 2020 (https://www.protectedplanet.net (accessed on 5 January 2021)). The
point data included scenic areas, forest parks, and geoparks, which we collected according
to information released by the Chinese government. Areas of high ecological integrity
within 2 km of the point data were used instead of the point data, as many studies have
shown that it is reasonable to use areas of high ecological integrity for connectivity analy-
sis [30,34–36]. In this study, global-scale, very low human impact areas [37] and China-scale
wilderness areas [38] were selected to form high ecological integrity areas. The polygon
data were merged with the high ecological integrity areas that replaced the point data. We
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intersected the PA patches with ecological zones and obtained 2153 PA patches covering
14.68% of China’s land surface with a total area of 1,409,761 km2.

2.2. Resistance Surface

The resistance surface measures how difficult it is for an organism or ecological flow
to move successfully [36] or measures the relative cost of passing through a gridded
mapped surface [39]. Many studies create resistance surfaces based on the degree of
human modification, naturalness, or other similar indicators [30,39–41]. In this study, we
created a resistance surface based on the global land-scale human modification indicator,
HMc, which estimates the cumulative human modification of the land using 13 global
human stressor datasets with 2016 as the median year; the value is between 0 and 1 and
has a spatial resolution of 1 km [42]. The stressor datasets included human settlement
(population density, built-up areas), agriculture (cropland, livestock), transportation (major
roads, minor roads, two tracks, railroads), mining and energy production (mining, oil wells,
wind turbines), and electrical infrastructure (powerlines, nighttime lights) [42]. Despite
the uncertainties that global data might bring, this was the best available data on human
modification of China’s land. We performed an exponential transformation of HMc, similar
to Cao et al. (2020) [30], and we formed a resistance surface R between 1 and 1000 using the
following equation:

R = 1 + 999 ∗ eHMc − 1
e − 1

(1)

Finally, we removed areas covered by water bodies and glaciers extracted from land
use data of China from the resistance surface (Figure S1), assuming that terrestrial animals
do not pass over glaciers or through water bodies during dispersal. The land use data were
obtained from the Resources and Environmental Science Data Center, Chinese Academy of
Sciences (Beijing, China; http://www.resdc.cn/ (accessed on 16 June 2021)).

2.3. PA Connectivity Evaluation

For a PA network in a landscape that includes n PA patches, the area of PA patch i
was noted as ai(i = 1, 2 . . . ., n), the total area of the PA network was AN = ∑n

i=1 ai, and
the total area of the landscape was AL. We evaluated the connectivity of PAs by dispersal
probability, which can be estimated as a negative-exponential function of distance [32,43].

2.3.1. Intra-Patch Connectivity

As the distance an animal can disperse within a certain time duration is limited, the
intra-patch connectivity of a patch can be simplified as the probability of a successful
dispersal of a fixed distance from every point in a patch. We created a dispersal probability
surface (with a value of P) (Figure S2) from the resistance surface. When the resistance
surface is raster data with a cell side length D and a value R, for any cell on the raster
surface, the cost distance is R when animal dispersal in the cell moves a distance D, and the
dispersal probability P is as follows:

P = e−h∗R (2)

In the present study, R was between 1 and 1000, so we defined h as 1/1000, considering
that the dispersal probability is 1/e (0.3679) when R takes the maximum possible value of
1000, and e−1/1000 (0.9990) when the resistance is the minimum value of 1, which is very
close to 1.

The PCintra of PA patch i is defined as the probability of a successful dispersal of a
fixed distance from any point within this patch and can be calculated as the average value
of the dispersal probability surface within this patch:

PCintrai = average(P)(patchi) (3)
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The PCintra of the PA network is defined as the probability of a successful dispersal of
a fixed distance from any point within patches can be calculated as the average value of the
dispersal probability surface within the PA network:

PCintra = ∑n
i=1

ai

AN
∗ PCintrai (4)

After creating the dispersal probability surface, we used the partition statistics tool of
ArcGIS 10.2 to calculate the PCintra of the PAs.

2.3.2. Inter-Patch Connectivity

Dispersal probability pij characterizes the feasibility of a step between patches i and j,
where a step is defined as a direct movement of a disperser between two habitat patches
without passing by any other intermediate habitat patches [23]. We considered that an
animal that moves from one patch i to another patch j first needs to move from some
point A inside patch i to some point B on the edge of patch i; then, it moves successfully
from point B through the matrix, to some point C on the edge of patch j, and from C to
some point D inside patch j. The probability of successful dispersal from points A to B is
PCintrai, and the probability of successful dispersal from points B to C can be estimated as
a negative-exponential function of the inter-patch distance dij [32,43]. The probability of
successful dispersal from points C to D is PCintraj. Then, the probability of direct dispersal
between patches i and j is calculated as follows (k is a constant):

pij = PCintrai ∗ e−kdij ∗ PCintraj (5)

The value of p∗
ij is the maximum product probability of all possible paths between

patches i and j (including single-step paths) [23]. For the case of indirect dispersal from
patch i through patch k to patch j, the probability is equal to the product of the probability
of success of each step of the animal’s movement:

p′
ij = pi ∗ e−kdik ∗ pk ∗ e−kdkjpj (6)

The inter-patch distance dij can be estimated by the Euclidean distance or least-cost
distance [23,44]. Measuring the connectivity between patches based on Euclidean distance
does not reflect spatial heterogeneity, and this approach is considered unreasonable by
some researchers [45]. Therefore, the least-cost distance was used as the inter-patch distance
in this study. The Linkage Pathways Tool of Linkage Mapper Toolbox 2.0 (available at
http://www.circuitscape.org/linkagemapper (accessed on 4 March 2021)) was used to
calculate the least-cost distance between patches and obtain the least-cost paths (LCPs).
The median distance refers to the distance corresponding to a dispersal probability of
0.5 and can be used to define the factor k in the equation for calculating the dispersal
probability [25]. In the latest global PA network connectivity evaluation study, 10 km
was used as the median distance [28]. Thus, we multiplied 10 km by the average value
of the resistance surface of China (219.34) as the median cost distance, and then, we set
k = 0.000316.

The PCinterI of PA patch i is defined as the probability that an animal randomly
departs from any point within this patch and successfully disperses to any point in other
patches, and it can be calculated as follows:

PCinteri =
∑n

j �=i ajp∗
ij

∑n
j �=i aj

=
∑n

j �=i ajp∗
ij

AN − ai
(7)

The PCinter of the PA network is defined as the probability that an animal randomly
departs from any point within the network and successfully disperses to any point located
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in different patches from the departure point. The probability that the departure point falls
in patch i is ai/AN(i = 1, 2 . . . ., n); thus, the probability of successful dispersal is as follows:

PCinter = ∑n
i=1

ai

AN
∗ PCinteri (8)

After calculating PCintra for each PA patch and dij between patches, we calculated the
PCinter of each PA patch using the Conefor 2.6 software [46].

2.3.3. Network Connectivity

The PCneti of patch i is defined as the probability that an animal randomly departs
from any point within this patch and successfully disperses to any point in the network.
The probability that the destination point falls in patch j is aj/AN(j = 1, 2 . . . ., n); thus, the
probability of successful dispersal of an animal from patch i can be calculated as follows:

PCneti =
∑n

j=1 ajp∗
ij

AN
= PCintrai ∗ ai

AN
+ PCinteri ∗ AN − ai

AN
(9)

The PCnet of the PA network is defined as the probability that an animal randomly
departs from any point in the network and successfully disperses to any point in the
network. The probability that the departure point falls in patch i is ai/AN(i = 1, 2 . . . ., n);
thus, the probability of successful dispersal was calculated as follows:

PCnet = ∑n
i=1

ai

AN
∗ PCneti (10)

The proportion of connectivity of intra PA patches (PROCintra) indicator and the
proportion of connectivity of inter PA patches (PROCinter) indicator describe the proportion
of network connectivity provided by intra-patch connectivity and inter-patch connectivity,
respectively.

The PROCintrai and PROCinteri of patch i can be calculated as follows:

PROCintrai =
aip∗

ii
∑n

j=1 ajp∗
ij

(11)

PROCinteri =
∑n

j=1,j �=i ajp∗
ij

∑n
j=1 ajp∗

ij
= 1 − PROCintrai (12)

The PROCintra and PROCinter of the PA network can be calculated as follows:

PROCintra =
∑n

i=1 ai ∗ PCneti ∗ PROCintrai

∑n
i=1 ai ∗ PCneti

(13)

PROCinter = ∑n
i=1 ai ∗ PCneti ∗ PROCinteri

∑n
i=1 ai ∗ PCneti

= 1 − PROCintra (14)

2.3.4. PA–Landscape Connectivity

The PClandI of patch i is defined as the probability that an animal randomly departs
from any point within this patch and successfully disperses to any point in the landscape.
In this study, we assumed that when the destination point is out of the PA patches, the
animal could not disperse successfully. The probability that the destination point falls in
patch j is aj/AL(j = 1, 2 . . . ., n); thus, the probability of successful dispersal of an animal
from patch i can be calculated as follows:

PClandi =
∑n

j=1 ajp∗
ij

AL
= PCneti ∗ AN

AL
(15)
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The PCland of the PA network is defined as the probability that an animal randomly
departs from any point in the PA network and successfully disperses to any point in the
landscape. The probability that the destination point falls in patch i is ai/AL(i = 1, 2 . . . ., n);
thus, the probability of successful dispersal was calculated as follows:

PCland = ∑n
i=1

ai

AN
∗ PClandi = PCnet ∗ AN

AL
(16)

2.3.5. PAs with Good Connectivity

According to the Post-2020 GBF objectives for PAs, it is necessary to define good
connectivity. For PA patches and PA networks, when the PCland indicator reaches 30%,
its PA–landscape connectivity is considered to be well; otherwise, its PA–landscape con-
nectivity is not well based on the Post-2020 GBF. Similarly, we considered whether the
PCintra, PCinter, and PCnet reach 90%, 50%, and 60% as the standards to judge whether
the intra-patch connectivity, inter-patch connectivity, and network connectivity are good.
There is a relative lack of research on the standards of good connectivity. There are two
main reasons why we decided on these standards. First, these indicators have a relative size
relationship; that is, for a PA patch, the value of PCintra is greater than the value of PCnet,
and the value of PCnet is greater than the value of PCinter, so they should be given different
standards. Second, 90%, 50%, and 60% are values that are easier for managers of PAs to
understand. We discussed the impact of standards on the coverage of well-connected PAs
in the discussion section.

2.4. Strategy Development for PA Connectivity
2.4.1. Strategy Classification of PA Connectivity Based on Indicators

We classified PA patches and PA networks into 16 categories based on whether the
four aspects of connectivity were good or not, and each category corresponded to a four-
letter string, although some may not actually exist. When a PA patch’s intra connectivity
was good, it was marked as category A; otherwise, it was marked as category B. We
classified inter-patch connectivity, network connectivity and PA–landscape connectivity
in the same way. We combined those letters in order of intra, inter, network and PA–
landscape to obtain a four-letter string. For example, PAs classified as AAAA had good
intra-patch, inter-patch, network and PA–landscape connectivity, and class ABBB only had
good intra-patch connectivity.

When the intra-patch, inter-patch, network or PA–landscape connectivity reaches
good, it should be maintained, and when it is not good, it should be improved. For
example, PAs classified as AAAA needed to maintain the four aspects of connectivity, and
class AAAB needed to maintain intra-patch, inter-patch and network connectivity and
improve PA–landscape connectivity.

There are four strategies to improve PA connectivity (Figure 1). The enhancement
of existing PAs through habitat restoration, construction of wildlife crossings, and other
methods is a strategy to improve the intra-patch connectivity, which then can improve inter-
patch, network and PA–landscape connectivity. The construction of ecological corridors is
a widely used effective measure to improve inter-patch connectivity [7,47,48], which then
can improve network and PA–landscape connectivity. Similar to ecological corridors, the
expansion of existing PAs and the establishment of new PAs can reduce the cost distance
between existing PA patches and thus improve inter-patch, network and PA–landscape
connectivity. These two methods can also improve PA–landscape connectivity by increasing
PA coverage.

2.4.2. Spatial Priority Area for PA Connectivity Improvement

Within existing PA patches requiring improved intra-patch connectivity, areas with a
dispersal probability of less than 90% (corresponding to the good intra-patch connectivity
standard) were identified as priority areas for enhancing existing PAs. We identified the
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LCPs between two PA patches that both needed to improve inter-patch connectivity as
priority ecological corridors. We considered high ecological integrity areas along these
LCPs as priority areas for the expansion of existing PAs and the establishment of new PAs
because of both high integrity and high connectivity contribution.

3. Results

3.1. Connectivity of PAs in China

Our result showed that the PCintra of China’s PA network was 93.41%, which indicated
that the connectivity within China’s PA network is good. However, the PCintra of the
2153 PA patches varied greatly from 99.90% to 43.17% (Figure 2a). A total of 427 patches had
good intra-patch connectivity, accounting for 11.28% of China’s land area. The intra-patch
connectivity of the PA network was not good in 22 of the 37 ecological zones (Table 1).

Figure 2. (a) Intra-patch connectivity of protected area (PA) patches in China based on PCintra
indicator. (b) Inter-patch connectivity of PA patches in China based on PCinter indicator. (c) Network
connectivity of PA patches in China based on PCnet indicator. (d) PA-landscape connectivity of PA
patches in China based on PCland indicator.

Table 1. Connectivity indicators of ecological zones’ PA network.

No. Ecological Zone
PCintra
of PAs

(%)

PCinter
of PAs

(%)

PCnet
of PAs

(%)

PCland
of PAs

(%)

I1 Northern Daxing’anling cold-temperate semi-humid zone 96.33 65.06 67.17 10.18

I2 Southern Daxing’anling temperate semi-humid zone 92.11 20.59 23.16 3.32

I3 Xiaoxing’anling temperate semi-humid zone 91.28 49.57 50.87 8.63

I4 Northeast Plain temperate semi-humid zone 74.44 1.52 7.62 0.38

I5 Changbai Mountain temperate humid semi-humid zone 84.97 3.98 17.01 2.57

I6 Liaodong Peninsula warm-temperate semi-humid zone 77.20 2.21 6.20 0.31

II1 Yanshan Mountain warm-temperate semi-humid zone 77.64 1.26 7.78 0.36

II2 Haihe Plain warm-temperate semi-humid zone 59.36 0.09 12.87 0.33

II3 Shanxi Plateau warm-temperate semi-humid zone 82.92 2.51 8.48 0.24
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Table 1. Cont.

No. Ecological Zone
PCintra
of PAs

(%)

PCinter
of PAs

(%)

PCnet
of PAs

(%)

PCland
of PAs

(%)

II4 Northern Shaanxi and Longzhong Plateau warm-temperate semi-arid zone 81.11 4.07 14.31 0.41

II5 Southern Taihang and northern Qinling warm-temperate semi-humid zone 78.71 5.64 11.75 0.48

II6 Yellow and Huai River Plain warm-temperate semi-humid zone 55.20 0.01 10.60 0.29

II7 Shandong Peninsula warm-temperate semi-humid zone 64.65 0.10 9.22 0.16

III1 Middle and lower reaches of Yangtze River northern subtropical humid zone 69.97 0.49 8.84 0.38

III2 Middle and lower reaches of Yangtze River central subtropical humid zone 79.52 0.84 4.28 0.19

III3 Southeast China humid south subtropical zone 80.57 0.78 5.18 0.20

III4 Taiwan Island tropical subtropical humid zone 92.02 23.89 82.76 16.27

III5 Southeast China tropical humid zone 82.20 1.90 37.81 1.01

III6 Hainan Island tropical humid zone 84.57 21.78 73.35 12.19

IV1 Qinba Mountains northern subtropical humid zone 88.27 7.23 27.21 3.92

IV2 Sichuan basin and marginal mountains subtropical humid zone 88.25 30.58 48.33 5.68

IV3 Guizhou plateau and marginal mountains subtropical humid zone 79.79 2.57 6.56 0.24

IV4 Northern Transverse Mountains subtropical humid semi-humid zone 93.23 12.59 21.61 3.36

IV5 Southern Transverse Mountains central subtropical humid zone 81.58 9.18 15.38 1.60

IV6 Southwest China tropical subtropical humid zone 81.61 2.00 6.00 0.36

IV7 Eastern edge of the Himalayas tropical humid zone 93.56 33.41 79.35 6.59

V1 Xiliaohe River temperate semi-arid zone 81.07 4.50 16.99 1.48

V2 Eastern Inner Mongolia Plateau temperate semi-arid zone 90.28 6.20 17.50 2.78

V3 Ordos Plateau and surrounding mountains temperate semi-arid zone 83.97 14.15 21.96 2.42

V1 Western Inner Mongolia Plateau temperate arid zone 95.22 31.23 37.19 5.25

VI2 Northern Xinjiang temperate arid semi-arid zone 92.79 12.29 29.03 3.79

VI3 Southern Xinjiang temperate warm temperate arid zone 97.65 10.85 52.16 4.11

VII1 Kunlun Mountains alpine arid zone 99.68 32.30 87.34 39.65

VII2 Qaidam and Qilian Mountains alpine arid semi-arid zone 94.84 51.87 72.50 17.02

VII3 Qiangtang Plateau alpine arid zone 99.02 76.71 91.59 40.50

VII4 East Tibet and south Qinghai alpine semi-humid zone 95.20 48.74 81.37 27.88

VII5 Southern Tibetan alpine semi-humid semi-arid zone 93.29 13.45 55.92 9.17

VIII1 South China Sea islands tropical humid zone — — — —

The PCinter of China’s PA network was 35.40%, which was not good. The PCinter
of the PA patches varied from 94.50% to 0 (Figure 2b). A total of 116 patches had good
inter-patch connectivity, accounting for 4.07% of China’s land area. Only three ecological
zones’ PA network had good inter-patch connectivity (Table 1), including the Northern
Daxing’anling cold-temperate semi-humid zone, the Qaidam and Qilian Mountains alpine
arid semi-arid zone and the Qiangtang Plateau alpine arid zone (Ecological Zones I1, VII2
and VII3).

The PCnet of China’s PA network was 58.43% and very close to good. The PCnet of
the PA patches varied from 95.21% to 0 (Figure 2c). Only 90 PA patches had good network
connectivity, accounting for 8.30% of China’s land area. Eight ecological zones had good
network connectivity (Table 1).

The PCland of China′s PA network was 8.58%, which was not good. The PCland
of the PA patches varied from 42.28% to 0 (Figure 2d). Only nine PA patches had good
inter-patch connectivity, accounting for 5.92% of China’s land area. Two ecological zones
on the Qinghai-Tibet Plateau have good PA–landscape connectivity (Table 1), including the
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Qiangtang Plateau alpine arid zone and the Kunlun Mountains alpine arid zone (Ecological
Zones VII1 and VII3).

3.2. PA Connectivity Strategy Classification

Only seven PA patches located in Ecological Zones VII1 and VII4 were classified
as AAAA, accounting for 2.67% of China’s land area (Figure 3a). Two PA patches were
classified as ABAA and also located in Ecological Zones VII1 and VII4, accounting for
3.26% of China’s land area. A total of 72 PA patches were classified as AAAB, accounting
for 1.16% of China’s land area. These PA patches had good network connectivity and need
to be extended or have new PAs established around them to improve their PA–landscape
connectivity. Only 3, 5, 26, and 1 PA patches are classified as BAAB, ABAB, AABB, and
BBAB, respectively. A total of 315 PA patches were classified as ABBB, accounting for 2.89%
of China’s land area. A total of 1714 PA patches were classified as BBBB, accounting for
2.89% of China’s land area. These PA patches urgently needed to be improved in all aspects
of connectivity. The connectivity of large PA patches was not necessarily good, and in fact,
many large PA patches were classified as ABBB or BBBB (Figure 3b).

 
Figure 3. (a) Connectivity strategy classification of PA patches in China. (b) Distribution of area of
PA patches under different categories of connectivity strategies in China. (c) Connectivity strategy
classification of ecological zones’ PA network in China.
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Among the ecological zones, only the PA network of the Qiangtang Plateau alpine arid
zone (Ecological Zone VII3) was classified as AAAA. Ecological Zone VII1 was classified as
ABAA and should focus on improving inter-patch connectivity. Ecological Zones I1 and
VII2 were classified as AAAB and should focus on improving PA–landscape connectivity
by increasing PA coverage. Ecological Zones III4, IV7 and VII4 were classified as ABAB;
this suggested that they should improve both inter-patch connectivity and PA–landscape
connectivity. Ecological Zone III6 was classified as BBAB. Ecological Zones I2, I3, IV4,
V2, VI1, VI2, VI3, and VII5 were classified as ABBB. The other 21 ecological zones were
classified as BBBB and should urgently improve PA connectivity in multiple ways.

3.3. Spatial Priority Area to Improve PA Connectivity in China

A total of 17.24% of the area of existing PAs (243,060 km2) were priority areas for
connectivity enhancement to improve intra-patch connectivity (Figure 4). We identified
4344 potential priority ecological corridors between PAs (Figure 4). The priority area for
expanding existing PAs included 1253 patches with a total area of 1,123,240 km2, covering
11.70% of China’s land area (Figure 4). The priority area for establishing new PAs included
9284 patches with a total area of 712,087 km2, covering 7.41% of China’s land area (Figure 4).

Figure 4. Spatial priority area to improve PA connectivity in China, including priority ecological
corridor, priority areas for the enhancement of existing PAs, the expansion of existing PAs and the
establishment of new PAs.

4. Discussion

4.1. Importance of Intra-Patch Connectivity

We suggested that the intra-patch connectivity should be regarded as important in
both the evaluation and the improvement of PA connectivity. Some connectivity evaluation
studies consider only inter-patch connectivity, ignoring the contribution of intra-patch con-
nectivity to the overall connectivity, which can lead to erroneous conclusions in connectivity
evaluations [31]. We calculated the PROCintra of China’s PA network as 74.69%, which in-
dicated that intra-patch connectivity contributed much more to network connectivity than
inter-patch connectivity in China. The PROCintra values of 467 PA patches were higher
than 75% and the PROCintra values of 213 patches were between 75% and 50% (Figure 5a).
The PROCintra values of the PA network of 30 ecological zones were higher than the
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PROCinter values (Figure 5b). We also found that there was no significant correlation
between the value of PCintra indicator and PCnet for both PA patches and PA networks
(Figure 5c,d). This indicated that the relationships between intra-patch, inter-patch, and
network connectivity are complex.

Figure 5. (a) The proportion of network connectivity of protected area (PA) patches provided by
intra-patch connectivity in China based on PROCintra indicator. (b) The proportion of network
connectivity of ecological zones’ PA network provided by intra-patch connectivity in China based
on PROCintra indicator. (c) Relationship between PCnet and PROCintra of PA patches in China.
(d) Relationship between PCnet and PROCintra of ecological zones’ PA network in China.

Research on the connectivity performance of PA management is lacking, leading to
the assumption that PAs are effectively managed for connectivity in many studies [26].
Previous studies have generally assumed an excellent intra-patch connectivity (as a value
of 1) [28,44]. We found that such assumptions may significantly overestimate the network
connectivity of PAs. We calculated the PCnet and PCland indicator of each ecological
zone’s PA network assuming a PCintra of 1 for all PA patches (Table S1). Under this
assumption, the PCnet of China would increase from 58.43% to 62.11%, and the Pcnet of
Xiaoxing’anling temperate semi-humid zone (Ecological Zone I3) would increase from
50.87% to 71.07%. Clearly, overvalued network connectivity is not conducive to developing
targeted enhancement strategies.

Improving intra-patch connectivity may effectively improve the connectivity of the PA
network. For example, our findings showed that the Yellow and Huai River Plain warm-
temperate semi-humid zone (Ecological Zone II6) had the poorest intra-patch connectivity
of PAs in the ecological zones of China. If the PCintra of the PAs of this ecological zone
is improved from 55.20% to 1, then the PCnet would improve from 10.60% to 19.44%.
This result was consistent with previous studies suggesting that the connectivity within
core areas is important [31]. This suggested that decision makers of PAs with similar
circumstances should first begin to improve connectivity within PAs to ensure a high-
quality PA system.
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4.2. Evaluation of Connectivity at the Patch Scale

In the previous network connectivity analysis of PAs, some studies have discussed the
contribution of patches to the connectivity of a PA network [44,49,50]. In addition, others
have focused on mapping potential inter-patch dispersal routes [51]. The mapping studies
have identified areas that are important as potential dispersal routes by applying concepts
such as current density and betweenness centrality [40,52,53]. These studies have evaluated
how well the PA network formed by the patches is connected, but they have not directly
answered the question of how well connected the patches are. Therefore, the results might
not directly guide managers in making decisions for PA patches.

Based on the dispersal probability between patches [43], we tried to extend the con-
cept of PA connectivity from PA networks to PA patches. Our results showed that the
connectivity strategy category of a PA network may be inconsistent with the connectivity
strategy categories of PA patches within the network (Figure 3a,c). This indicated the need
for connectivity evaluation at the patch scale.

Our PA connectivity evaluation framework for both PA patches and PA networks
can support comparison and management decisions for the PA connectivity of countries,
ecological zones, and administrative regions. Using our framework, the manager respon-
sible for a PA can accurately assess the connectivity of the PA, apply a targeted approach
to secure external funding and coordinate with managers of other PAs and external local
governments. The manager of a region can clearly understand the connectivity of each PA
in the region and how to enhance the connectivity of the regional PAs through coordination
among the PAs.

4.3. Connectivity Indicators for Well-Connected PAs

It is important to identify connectivity’s own target with accompanying indicators to
guide global conservation efforts [54]. The four indicators we propose can be used as a
basis to evaluate whether the PAs are well-connected. The coverage of well-connected PAs
in a region or country can then be calculated to compare with the post-2020 biodiversity
conservation targets. In fact, the coverage of well-connected PAs depends on the coverage
of PAs and the indicator standard of good connectivity (Figure 6a). Future research can
further discuss which indicators to choose and how to determine the standard of good
connectivity. We believed that the combined use of these indicators would contribute to a
comprehensive understanding of PA connectivity.

The Post-2020 GBF requires 30% global land area coverage of well-connected PAs, and
according to this requirement, among the 37 ecological zones, only Ecological Zones VII1,
VII3 and VII4 had more than 30% PA coverage (Figure 6b). No matter which indicator
was chosen as a criterion for good connectivity, only these three ecological zones may
have over 30% coverage of well-connected PAs. Our results showed that 11 ecological
zones did not have PA patches with good intra-patch connectivity, 27 ecological zones
did not have PA patches with good inter-patch connectivity, 25 ecological zones did not
have PA patches with good network connectivity and 34 ecological zones did not have PA
patches with good PA–landscape connectivity (Figure 6c–f). Compared with the results
of connectivity indicators of the PA network, the coverage of well-connected PAs more
strongly indicated that the PA connectivity of these ecological zones urgently needs to be
improved. We suggest that specifying which indicator or series of indicators to use in the
Post 2020 GBF objectives is necessary to facilitate global awareness and begin initiatives to
improve connectivity. At the same time, we recommend that countries consider using the
series of indicators in our framework to describe PA connectivity to drive comprehensive
conservation and enhancement measures at all levels.
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Figure 6. (a) Relationship between the standards of connectivity indicators to determine good PA
connectivity and the well-connected PA coverage in China, including PCintra, PCinter, PCnet and
PCland. (b) The PA coverage of ecological zones in China. (c) The well-connected PA coverage of
ecological zones in China based on intra-patch connectivity. (d) The well-connected PA coverage
of ecological zones in China based on inter-patch connectivity. (e) The well-connected PA coverage
of ecological zones in China based on network connectivity. (f) The well-connected PA coverage of
ecological zones in China based on PA–landscape connectivity.

4.4. Limitations and Future Research

First, uncertainties exist in the creation of the resistance surface. Both the selection of
human modification data and the calculation method of transforming human modification
data into resistance surface would bring uncertainty to the resistance surface. This has
implications for the creation of dispersal probability surface and cost distances between PA
patches based on resistance surfaces and thus creates uncertainties in the PA connectivity
evaluation results. Many studies have discussed how to create resistance surfaces in connec-
tivity research [30,39,53], but there is not a high degree of consensus among researchers on
this question. Future research could focus on how to create resistance surfaces to evaluate
PA connectivity.

Second, we did not consider the effect of PAs’ shape and area on intra-patch connec-
tivity and led to uncertainty in the evaluation result of PAs’ intra-patch connectivity. A
more reasonable evaluation method of intra-patch connectivity, such as the use of least-cost
distance model or circuit model, is necessary in the future.
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Third, the selection of median cost distance will bring uncertainty to the evaluation of
connectivity between PAs. Some studies have analyzed the effect of median distance on
inter-patch connectivity when using Euclidean distance to evaluate inter-patch connectiv-
ity [25,26], but scholars have not reached a high level of consensus on this issue. Future
research should discuss how to determine the median cost distance when using least-cost
distance to evaluate inter-patch connectivity.

5. Conclusions

In this study, we have proposed a unified framework to evaluate and develop strategies
for PA connectivity, and the results can directly guide management decisions. This study
proposed a conceptual framework for the connectivity of PAs that includes intra-patch, inter-
patch, network and PA–landscape connectivity for both PA patches and PA networks, which
can be evaluated logically and consistently in this framework. This framework provides a
set of indicators for the post-2020 biodiversity conservation targets on well-connected PAs.
The proposed framework considers the differences in the intra-patch connectivity of PAs
and thus might provide a better evaluation of PAs’ inter-patch connectivity and network
connectivity. The framework also includes how to develop strategies and identify priority
areas to improve PA connectivity based on the evaluation results of PAs’ connectivity
indicators. This study shows that the connectivity of China’s PAs is not good and needs to
be improved. At the same time, the PA connectivity of the Qinghai-Tibet Plateau is relatively
good, and attention should be paid to maintaining the connectivity of existing PAs in this
region. The method proposed in this study can be used for the evaluation, improvement,
and spatial planning of the connectivity of PAs at regional, national, and global scales. Our
conceptual framework, indicators, and evaluation methods for connectivity can also be
widely used in landscape connectivity research.
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Abstract: The establishment of ecological networks facilitates genetic exchange among species in
national parks and is an effective means of avoiding habitat fragmentation. Using the proposed
“Ailaoshan-Wuliangshan” in Yunnan Province, China, as the study area, the identification of eco-
logical source sites using the morphological spatial pattern analysis (MSPA) method, extraction
of potential ecological corridors using the minimum resistance model (MCR) and construction of
the ecological network of national parks were performed. Based on the gravity model, important
ecological corridors were selected, and corresponding ecological network optimization strategies
were presented. The results showed that (1) the core area identified by MSPA was 4440.08 km2,
with a low degree of fragmentation, and is distributed in strips within the woodland land classes in
the study area; (2) the establishment of an ecological network model of least cost resistance based
on 10 indicators in four dimensions of land tenure, geographic factors, vegetation characteristics,
and human meddling; (3) the ecological network included 13 ecological source sites, 77 potential
ecological corridors, 48 important ecological corridors and 25 pedestrian pathways and extracts an
optimal ecological corridor connecting with the natural reserve; and (4) the network closure degree of
the constructed ecological network was (1.18), line point rate (3.08), network connectivity (1.12), and
cost ratio (0.98). By using the proposed ecological network construction method, ecological patches
and potential corridors can be accurately identified to ensure the integrity and connectivity of the
national park while minimizing the land demand pressure of the surrounding communities, which
provides some reference for the construction of other national parks’ ecological networks in China.

Keywords: national park; MSPA; MCR; ecological corridor

1. Introduction

China is one of the hotspots of biological habitats and biodiversity [1], and several crit-
ical biodiversity areas, including the Hengduan Mountains, the Tibetan Plateau mountains,
Xishuangbanna in southern Yunnan, the Qinling Mountains, the Changbai Mountains, and
the Tianshan Mountains, have been proposed based on species richness and the number of
endemic species [2]. With the rate of urbanization accelerating, the natural environment is
being destroyed to varying degrees, and landscape connectivity is diminishing. Habitat
fragmentation can lead to the isolation of biological populations, which greatly increases
the likelihood of extinction and poses a serious threat to biodiversity [3]. The national park
system is designed to effectively protect the originality and integrity of the most nationally
representative natural ecosystems with a broad scope of protection and comprehensive
ecological processes. In June 2019, the General Office of the Central Committee of the
Communist Party of China and the General Office of the State Council issued the Guiding
Opinions on the Establishment of a Nature Reserve System with National Parks as the
Mainstay, emphasizing the main position of the conservation value and ecological functions
of national parks in the national nature reserve system. No other types of nature reserves
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will be maintained or established in the same areas after national parks are established [4].
Official approved national parks due to the late start of national park research in China
are Giant Panda National Park, SanJiangYuan National Park and Northeast Tiger National
Park as well as Leopard National Park HaiNan Tropical Rainforest and WuYiShan National
Park [5], which have a large gap with the construction of the proposed national park-based
nature reserve system in China [6]. Despite the large number of nature reserves of various
types and functions, China has played an important role in biodiversity protection and
national ecological security maintenance. However, due to the fragmented distribution
and fragmentation of nature reserves [7], their variable size and small protection areas, and
the distribution of a large number of remaining forests, villages, towns, and agricultural
lands around them, ecosystem integrity is blocked, and integrity and connectivity are
not robust [8]. Both the Conservation for Biodiversity Aichi Targets and the Post-2020
Global Biodiversity Framework (GBF), which is under discussion globally, emphasize the
importance of PA connectivity and set global PA connectivity targets [9]. Aichi Targets and
the First Draft of the Post-2020 GBF call for 17% and 30%, respectively, of the global land
area to be conserved through well-connected PAs and other effective area-based conserva-
tion measures (OECMs) [9,10]. Therefore, how to build an ecological network system and
realize ecosystem integrity by relying on existing nature reserves is the key issue facing
national park building.

Ecological networks are made up of patches and their connections to achieve effec-
tive conservation of species diversity through the establishment of ecological corridors
through fragmented natural systems [11]. In terms of construction methods, “identifying
ecological sources—constructing resistance surfaces—extracting ecological corridors” has
become the basic framework for constructing ecological networks [12,13]. There are usually
two methods for determining ecological source sites: one is to directly select nature reserves,
attractions, and forest parks as ecological source sites based on the empirical judgement of
professionals [14], which is subject to more subjective interference and ignores the connect-
ing role of patches in the landscape [15]. Second, morphological spatial pattern analysis
(MSPA), proposed by Vogt et al. to achieve the measurement and identification of spatial
patterns of forest landscapes by correlating morphological features with specific shapes in
raster images [16], is widely used in forest fragmentation and urban green space system re-
search [17,18]. This method is different from the traditional method of selecting only nature
reserves, forest parks, etc., as ecological source sites can classify the spatial pattern of raster
images more precisely in terms of functional-type structures and then identify landscape
types with different ecological meanings and increase the scientificity of ecological source
sites [19]. Species migration and exchange between different ecological source sites can
only be achieved if resistance is overcome, and the resistance surface is the total cost of
overcoming multiple resistance factors formed between patches during species migration.
The ease of species migration between different landscape units varies. The higher the
suitability of the patch is, the lower the resistance of species migration, and the resistance is
mainly influenced by factors such as topography, land use type and the intensity of human
interference. Combining the basis of existing resistance surface-related studies at home
and abroad [20–22], this study constructs an ecological network resistance surface based
on 10 indicators in four dimensions: land tenure, geographic factors, vegetation character-
istics and human interference. Ecological corridors can improve landscape connectivity
and contribute to species dispersal and maintain gene flow between populations. Many
methods have been used today to identify ecological corridors, such as individual-based
movement models, connectivity probability (PC), and circuit theory [23–25]. Currently,
the minimal cumulative resistance model (MCR) has become the mainstream method for
identifying ecological corridors. The method was first proposed in 1992 by Knaapen et al.
by calculating the minimum consumption path between the source and target and the
optimal path for the outward spread, migration and dispersal of species [26], which can
effectively avoid interference from the external environment and well reflect the possi-
bilities and trends of movement of living species between habitat areas, thus protecting
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biodiversity [27–29]. There are an increasing number of studies combining MSPA and MCR
models to construct ecological networks, but they are mostly used for urban ecological
network construction by identifying the central nodes of urban ecological source sites and
establishing urban ecological networks in combination with road and water networks and
mainly focusing on the construction of ecological networks within the city (a whole) [30,31].
Currently, there are few studies on the construction of ecological networks in national
parks [32,33]. For example, the ecological networks of Giant Panda National Park and
Shuangzi Mountain National Forest Park were constructed by using 3S technology and
the theory of landscape ecology to identify ecological source sites. The least cumulative
resistance method was used to simulate important corridors and potential corridors, and
an ecological network optimization strategy was proposed. The ecological network of
urban parks based on birds is constructed by using several factors in the InVEST model
to determine the suitable ecological source sites for birds, and the corridor is extracted
by constructing a resistance surface with three indicators: land use type, road and water
system. This study will address the problem of insufficient spatial connectivity in national
parks composed of multiple nature reserves and provide a scientific basis for achieving
national park connectivity and integrity by constructing potential ecological corridors and
ecological networks using MSPA and MCR models. The objectives of this study were as
follows: (1) Build an ecological network of national parks with multiple protected areas to
improve the integrity and connectivity of national park ecosystems. (2) The identification
of ecological corridors and ecological networks in national parks using a combination of
MSPA and MCR models. (3) The determination of the resistance surface involves several
factors, and the weight of the human interference factor was set to a higher value to form a
more reasonable ecological resistance surface.

2. Materials and Methods

2.1. Study Area

The proposed “Ailaoshan-Wuliangshan” National Park, consisting of the Ailao Moun-
tains National Nature Reserve, WuLiang Mountains National Nature Reserve and Di-
nosaur River State Nature Reserve, is located in the central part of Yunnan Province
within Jingdong County’s territory, Zhenyuan County, Xinping County, Chuxiong City,
Shuangbai County, Nanhua County, and Nanjian County, which are linked by four states
(cities), namely, Pu’er City, Yuxi City, Chien Yi Autonomous Prefecture, and Dali Bai
Autonomous Prefecture, with geographic coordinates. The geographical coordinates are
23◦46′50.75′′~24◦56′06.35′′ north latitude and 100◦19′07.95′′~101◦37′54.19′′ east longitude
(Figure 1).

With a length of 180 km from north to south, a width of 130 km from east to west, an
elevation of 452~3348 m and a total area of 1652.82 km2. The “Ailaoshan-Wuliangshan”
Mountains Conservation Area is a major conservation area and boundary zone in China,
located at the intersection of two geographic units, the Hengduan Mountains in western
Yunnan and the plateau in eastern Yunnan, and is a significant corridor for tropical to
temperate transition, species migration, and gene exchange in the Asian continent, as well
as one of eight routes for global migration of birds. Ecological security, with the complex
biodiversity composition and obvious transitional characteristics of the flora and fauna,
directly affects Vietnam, Laos, Myanmar and even many countries in the southern and
southeastern subregion bordering Yunnan [34]. In parallel, the region is also the water
catchment area and ecological conservation area of two major cross-border rivers, namely,
the Lancang River (Mekong) and Yuanjiang River (Red), which has great significance to
maintain the international ecological security of the area. The Mount Ailao Mountains–
Wuliang Mountains are a typical representative of the subtropical forest ecosystem and
belong to the priority land protection ecosystem of China, among which the Zhongshan
broadleaf wet evergreen forest area is the largest and most comprehensive broadleaf leaf
wet evergreens in China, preserving the largest area of broadleaf mountain evergreen forests
in the subtropics of China, which is a completely primitive state, has stable natural breeding

48



Land 2022, 11, 1913

resources, and has extremely rich wildlife resources [35,36]. In both mountainous areas, the
diversity of animals is extremely rich, with over 90% of the western black-crowned gibbon
(Nomascus concolour) populations inhabiting both mountainous terrains [37]. There are also
nationally protected keystone I animals such as the grey langur (Trachypithecus phayrei),
nationally protected keystone I birds (Syrmaticus humiae), and green peafowl (Pavo muticus)
in the region, and the biodiversity composition is complex [38]. Lamentation “Ailaoshan-
Wuliangshan” National Park can more effectively integrate conservation efforts, establish
perfect protection mechanisms and maintain the originality and integrity of ecosystems. In
this study, the three nature reserves identified by the proposed national park and the area
between them are taken as a whole, with a 1.3 km buffer outwards as a study region.

 
Figure 1. Geographic location map of national parks.

2.2. Data Sources and Preprocessing

In the study area, vector data were the land use type data of 2020 obtained from the Pu
‘er Third and Fourth Forestry Resources Type II Survey database sponsored by the Pu ‘er
Forestry and Grassland Bureau. This database was created using SPOT-5 satellite imagery
at 2.5 m resolution combined with field surveys; vector data are grouped by multiple
attributes, such as land use type, land ownership, vegetation origin and forest type. Forest-
land categories were used in this study to determine forest distribution, with farmland and
built-up areas reflecting anthropogenic disturbance. We obtained township boundaries
using BIGEMAP, a Google package that facilitates the editing of satellite maps for upload.
Elevation and slope data were generated from a 30 m digital elevation grid (DEM) provided
by the Geospatial Data Cloud Platform of the Computer Network Information Center of the
Chinese Academy of Sciences “http://www.gscloud.cn (20 September 2021)”. The study
area of 9914.24 km2 was obtained by buffering outward from the three protected areas as a
whole. The land use types in the study area were classified into eight categories, including
forest, shrubland, unstocked forest, agricultural land, water bodies, cropland, buildings,
and other non-forest land. The habitat characteristics of the western black-crowned gibbon,
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the flagship species of the proposed Mourning Mountains–Wuilangshan National Park,
have been identified as an important basis for the construction of the resistance surface of
the ecological system [39].

2.3. Methods
2.3.1. Identifying Ecological Sources Based on MSPA

Morphological spatial pattern analysis (MSPA) is a method for the quantitative identi-
fication of ecological source lands and is mainly used to identify and classify ecological
source sites by image methods to derive a more scientific distribution of ecological source
sites [40]. This study, based on the accurately calibrated land use data of the national park,
reclassifies the already classified primary land classes, extracts forestland as the foreground,
uses remaining arable land, water, other land, and building land as the background, and
converts it into binary tiff maps. The data were analyzed for morphological spatial patterns
using Guidos’ eight-neighborhood software method to obtain seven landscape element cat-
egories that are independent of each other and have different landscape functions, namely,
Core, Islet, Bridge, Edge, Perforation, Loop and Branch [41]. Of these, core areas are the
largest habitat patches of the seven landscape types, have higher connectivity, are more
conducive to species survival and spread and are important for maintaining ecosystem
integrity and biodiversity [42]. Lastly, the classification results were tallied, and considering
the balanced distribution of ecological patches, 30 ecological source sites were selected for
landscape importance analysis based on the area and spatial distribution area of the MSPA
core patches.

2.3.2. Evaluating the Importance of Ecologically Sourced Landscapes

Higher importance indices of patches represent more stable ecosystems within the
source site. Referring to the relevant literature [43], two landscape indices, pc and dpc, were
selected in this study and calculated using Conefor2.6 software.

This is example 1 of an equation:

PC =
n

∑
i=1

n

∑
j=1

αi × αj × q∗ij/A,dpc = 100% × (pc − pcremove)/pc, (1)

where pc is the probability connectivity index, dpc is the patch importance index, and A
represents the total area of the landscape. N is the total number of patches, αi and αj are the
areas of patches i and j, respectively, qij is the maximum distance for organisms to spread
in different patches, and pcremove is the overall connectivity index of the landscape after
removing a patch. The larger the dpc value is, the more important the interelement ratio
is. Considering that the distance threshold was set too large, which will result in splitting
some large patches and vanishing small patches, the patch connectivity distance threshold
value was set to 500 m and 0.5 as the connectivity probability between patches [44].

2.3.3. Ecological Network Construction Method

1. Construction of Integrated Resistance Surface

In the proposed Ailao and WuLiang Mountains National Park, species are inevitably
hampered by different factors and degrees in the migration process of each source location.
Currently, most studies select three resistance factors, namely, land use type, topography,
and slope, to construct resistance surfaces [15]. In this study, the resistance surface was
constructed by combining land ownership, human disturbance (town center, village, road,
land type), vegetation (vegetation type and origin of tree species) and geographic factors
(elevation and slope), and each resistance factor was assigned different weight values, with
higher weight values indicating a greater influence of the resistance factor on the migration
of biological species; in contrast, lower weight values indicated less influence.

Land tenure factor weight, human disturbance factor weight value, vegetation factor
weight and geographical factor weight were determined according to related studies [45,46]
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(Table 1). The land tenure factor was divided into two types, national and collective, each
with a weight value of 0.5 each; the vegetation factor was set to 0.6 and 0.4 strength values
for the vegetation type and the origin of tree species according to habits and activity
characteristics of the species; the influence of anthropogenic disturbance was set at 0.3,
0.2, and 0.2, respectively, according to the distance of species from town centers, villages,
and roads during the migration process. The land use type was set at 0.3 according to
the influence of the land type on species; the geographical factors included elevation and
slope, with the elevation set at 0.5 according to the characteristics of species’ activities;
and the slope was set at 0.5 according to the standard grading table of woodland slopes.
The weighted overlay operation by the ArcGis matrix calculator was used to build the
comprehensive Two Mountains National Park resistance surface as the cost data of the
MCR model [46]. The equation is as follows:

Table 1. Assignment of resistance factors.

Resistance Factors Weight Classification Indications Resistance Value

Land ownership 0.2
State owned 0.5

Community owned 0.5

Artificial 0.4

Town center 0.3
Village 0.2
Road 0.2

Land use type 0.3

Vegetation 0.3
Type 0.6

Origin 0.4

Landform 0.1
Altitude 0.5

Slope 0.5

This is example 2 of an equation:

Fi =
n

∑
j=1

Wj × Aij, (2)

where i represents the grid, j represents the resistance factor, Fi represents the integrated
resistance value of grid i, n represents the number of resistance factors, Wj represents the
proportion of j and Aij represents the strength value of j in grid i.

2. Potential ecological corridor construction based on the MCR model

The minimum cumulative resistance (MCR, minimal cumulative resistance model)
model was first introduced into China by Yu Kongjian [47]. It can determine pathways by
calculating the minimum cumulative resistance distance between the source and target to
better reflect the physical energy of the landscape and the likelihood of biological species
moving between habitat patches and trends [27]. The cumulative surface area of minimum
resistance for the expansion of ecological source sites in all directions can be obtained by
using the model of minimum strength [26].

This is example 3 of an equation:

MCR = fmin

i=m

∑
j=n

(Dij × Ri), (3)

where MCR refers to the minimum cumulative resistance value of the ecological source to
one another point; fmin is the minimum cumulative resistance value (MCR), representing
the positive correlation function; Dij indicates the spatial distance to be crossed for a point j
to reach another point i; and Ri is the resistance value to be overcome across space i.

The cost distance tool in ArcGis distance analysis was used to generate the minimum
cumulative resistance surface using ecological source sites and integrated resistance sur-
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faces [41], and the cost path tool was used to calculate the minimum cost path from the
source site to the target to generate potential ecological corridors.

3. Determination of the ecological nodes

Ecological nodes are the point of intersection of the pathways and the shortest routes
needed by species during migration and are the weakest ecological functions with a
“stepping stone” role [48]. For organisms that migrate long distances, increasing the
number of “stepping stones” and decreasing the distance between “stepped stones” may
effectively improve species survival rates during migration [44]. In combination with the
study area environment, the collection points of the minimum cost path and the ecological
patches of the bridging area are used as the ecological nodes.

4. Identify important ecological corridors

The gravity model can scientifically and quantitatively evaluate the strength of inter-
actions between patches, and the larger the value of interaction force is, the more important
the position of the corridor between them in the ecosystem of the study area [49–51].

This is example 4 of an equation:

Gab =
NaNb

D2
ab

=
L2

maxln saln sb

L2
ab pa pb

(4)

where Gab is the interaction strength between ecological source sites a and b; Na and Nb
represent the corresponding weight values of source sites a and b; Dab is the standard value
of corridor resistance between source sites; Pa and Pb represent the average resistance
values of source sites a and b; Sa and Sb are the areas of source sites a and b; Lab is the value
of corridor resistance between source sites a and b; and Lmax is the minimum cumulative
resistance in the area of the maximum value.

According to the construction of potential ecological corridors, the interaction matrix
between ecological source sites was computed using a gravity model to quantitatively
analyze the strength of interactions among patches. Higher values of interaction force
between source patches indicate less resistance and closer contact at ecological sources, the
more frequent the material–energy transfer, information transfer, species migration and the
more important the corridors connected between them [52]. According to the calculation
results of the gravity model and the actual situation in the research area, the interaction
strength of the potential ecological corridors greater than 700 is regarded as important
corridors and other corridors as general corridors. Finally, the ecological network map of
the proposed Ailao–Wuliang Mountains National Park is obtained.

2.3.4. Ecological Network Connectivity Evaluation

The graph theory and network analysis method were used to assess the ecological
network connectivity of Ailao–Wuliang Mountains National Park and explore the effec-
tiveness of its internal structure. The four factors of network closure (α), line point rate (β),
network connectivity (γ) and cost ratio (c) were used to determine the connectivity of the
ecological network in the study area [53].

This is example 5 of an equation:

α = (L − ν + 1)/(2ν − 5)
β = L

ν
γ = L

Lmax
= L

3(ν−2)
c = 1 − L

d

(5)

where L denotes the number of corridors, v denotes the number of ecological nodes, and
d is the total length of all corridors in the ecological corridor. A higher α index indicates
a greater number of circuits in the ecological network and greater material circulation
and energy mobility [54]. β is the number of corridors corresponding to the ecological
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nodes, β < 1 is a tree-like ecological corridor, β = 1 is a single-loop ecological network, and
β > 1 is a complex ecological network structure. γ in [0,1], characterizing the degree of
interconnection of ecological nodes in the network, and a larger value of γ indicates a higher
degree of interconnection of ecological nodes. c indicates the input/output relationship,
and a lower value is more favorable for building ecological networks.

3. Results and Analysis

3.1. Subsection Analysis of Ecological Source Results Based on MSPA

The MSPA was performed with forested land in the study area as the foreground
(Figure 2), and the area and proportion of each type of landscape were also counted (Table 2).
Among them, the total foreground area is 7820.08 km2, accounting for 79% of the total
survey area, which mainly consists of the core and bridge areas. Among the various types
of foreground landscapes, the core area is the largest, accounting for 56.78% of the total area,
with more large patches in the core region and distributed in bands within the national
park, which are not far apart and conducive to the overall connectivity of the region under
study. Bridging zones with a larger area of 22.08% indicates that the connectivity between
core areas of prospective patches is high, which is conducive to the circulation of organisms
between core zones; the edge zone and the pore space both have edge effects and can
maintain the stability of the core areas, with proportions of 9.45% and 2.72%, respectively,
which indicates that core areas in this study area are relatively stable. In addition, island
plaques accounted for the lowest proportion, at percent, indicating that there were few
isolated, fragmented and disconnected patches within the study; the proportions of ring
roads and spurs were 4.88% and 3.09%, respectively. In general, the large ecological
patches in the study area are more concentrated, the landscape connectivity is better and
the edges are more stable, which are conducive to the construction and optimization of
ecological networks.

Figure 2. Landscape classification map based on MSPA.

Table 2. Area of each landscape type based on MSPA.

Landscape Type Area (km2) Proportion of Forest and Areas (%) Proportion of Total Area (%)

Core 4440.08 56.78 44.78
Islet 77.91 1 0.79

Perforation 212.54 2.72 2.14
Edge 739.37 9.45 7.46
Loop 381.35 4.88 3.85

Bridge 1727.05 22.08 17.42
Branch 241.79 3.09 2.44
Total 7820.08 100 78.88
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3.2. Analysis of the Importance of Ecological Source Landscapes

Thirteen ecological patches with large values of the importance of patches were
selected as habitats for migration and development and reproduction of biological species
based on the calculation results of the software Conefor2.6 (Table 3). From Table 3 and
Figure 3f, the importance index of patch 9 is 70.9, with an area of 1231.16 km2, and it
is located in the protection zone of Ailao Mountain, which indicated that the landscape
connectivity within this region is good, which is conducive to species migration activity
among patches. Figure 4 is followed by patch 3, with an importance index of 17.73 and
an area of 750.89 km2, which is located within the boundaries of the Wuliang Mountains
Nature Reserve. Ecological patches 4 and 11, with a larger remaining area and higher
importance index, were also distributed in the nature reserve. We can see from (f) that these
patches serve both as habitats for species and corridor connectivity across the landscape.
Additionally, other large patches were densely distributed around the reserve, such as
5, 6, 8 and 10. These patches facilitate species migration between reserves and promote
connectivity of the overall landscape of the study area.

Table 3. Evaluation table of the landscape importance of the ecological source.

Code Area/km2 dPC Code Area/km2 dPC

1 31.94 0.03 8 447.37 7.00
2 9.39 0.00 9 1231.16 70.90
3 750.89 17.73 10 57.09 1.41
4 128.18 14.98 11 191.73 17.26
5 184.95 8.60 12 20.33 0.94
6 33.19 1.38 13 17.64 0.23
7 74.59 1.78

Figure 3. Composite resistance surface of species migration in national park. (a) Land ownership;
(b) artificial; (c) vegetation; (d) landform; (e) accumulated resistance surface; and (f) potential
ecological corridors.
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Figure 4. Ecological network of the national park.

3.3. Ecological Network Construction
3.3.1. MCR Based on the Analysis of Potential Ecological Corridor Extraction

The integrated resistance surface (e) of the Ailao–Wuliang Mountains National Park
was constructed based on the vector data of land tenure factor (a), geographic factor (b),
vegetation factor (c) and anthropogenic factor (d) in the study area of Figure 3. It can
be observed from Figure 3e that the high resistance values in the integrated resistance
surface are concentrated in the city centers and villages, which are located outside the
scope of the national park and are disturbed by human activities, and their corresponding
resistance values are correspondingly higher, while the low resistance values are mostly
distributed within the scope of the national park and in the ecological source areas mostly
in woodlands. Based on the landscape resistance surface, the MCR model was used to
calculate the minimum cumulative resistance value between each ecological source site, and
a total of 77 potential ecological corridors were generated, with a total length of 3589 km,
to construct the potential ecological corridor of the Ailao–Wuliang Mountains National
Park (Figure 3f). As we can see from the figure, the potential ecological corridors in the
national park show a denser network with a more uniform spatial distribution, connecting
large ecological patches in the park, with more complex corridors among source locations
and higher connectivity.

3.3.2. Important Analysis of Ecological Corridors

We numbered the 13 ecological source sites and calculated the interaction strength
between different ecological source locations in the study area by the gravity model (Table 4),
and the stronger the interaction force between ecological source locations was, the more
meaningful the construction of intersource corridors. Based on the study, the gravity
threshold was set to 700, and 48 corridors were selected as important corridors with a total
length of 865 km (Figure 4). According to Table 4, the interaction strength between source
site 9 and source site 11 was the largest at 647,208,185, indicating the strongest spatial
association between the two, and the less resistance species encounter when migrating and
spreading between the two patches, the more beneficial for regional ecological conservation.
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We should therefore strengthen ecological corridor protection between source sites 9 and 11,
maintain connectivity of both patches and avoid destruction due to expansion of regional
landmasses. Sources 4 and 5 have stronger interaction strengths with sources 5 and 6,
indicating that the connectivity between source 4 and source 5 is stronger. The species need
to overcome less resistance when propagating movement through the corridor, and the
possibility of material and energy exchange is higher, so the ecological corridor between
sources 4, 5, and 6 can be established to increase the possibility for species migration
between sources 3, 4, 5 and 6 and expand the species’ range of activities. Additionally,
ecological corridors built between source sites 8 and 9 may link species exchange between
source locations 3, 4, 5, and 5. On this basis, the migration and dispersal channels of species
between sources 3, 4, 5 and 6 were established, compensating for the high resistance and
habitat fragmentation of migration among the sources. For example, the G values between
patches 2 and 12 and between patches 2 and 13 were split into 33 and 34, which were
distant and poorly connected. The possibility of western black-crowned gibbon dispersion
between them was small, and the cost of building ecological corridors was steep if necessary.
Accordingly, to improve the possibility of species migration, 25 footstones were established
at the convergence point (ecological corridor intersection) and bridge zone where the least
expensive paths were selected, and the presence of footstones may compensate for the lack
of connectivity of the corridors.

Table 4. Level of interaction of ecological corridors.

Code 1 2 3 4 5 6 7 8 9 10 11 12 13

1 0 313,473 742 788 1244 861 1122 22,956 88,786 151 168 77 79
2 0 267 263 413 279 334 2419 12,682 64 68 33 34
3 0 1507 1002 678 2,176,830 204,027 11,100 209,177 5797 3804 34,679
4 0 27,378,454 5,488,676 894 3684 5,649,277 769 765 319 307
5 0 18,938,739 738 2071 60,051 545 555 242 237
6 0 528 1648 137,802 279 289 129 126
7 0 127,908 3154 341 259 140 174
8 0 255,194 10,341,338 9047 3752 7646
9 0 122,793 647,208,185 367,09 7410
10 0 246,249 32,476 2,019,026
11 0 1,145,712 7539
12 0 11,611
13

3.3.3. Analysis of Ecological Corridor Construction in Nature Reserves

The ecological network constructed by important ecological corridors is more suitable
for areas with fewer villages and farmland. Considering that, in reality, the proposed eco-
logical network will occupy a large amount of land, causing land pressure and aggravating
the human–land conflict affecting socioeconomic development. The ecological corridors
were constructed by using the patches in the three protected areas as ecological sources, and
a total of three ecological corridors, corridors 3-11, 3-12 and 3-9, were generated in the pro-
tected areas of the Ailao–Wuliang Mountains. The buffer area resistance cost accumulation
values were calculated for each 200 m buffer on each side of the three ecological corridors
(Table 5). The table shows that the lowest resistance value for corridors 3-12 is 90.88, which
indicates that building this ecological corridor is the least expensive and easiest to achieve.
The corridors generated by the Wailing Mountains and Shuangbai Reserve overlap by 11-4,
12-4 and 9-4, respectively, and finally, 3-12-4 can be identified as the optimal ecological
corridor for the three reserves (Figure 5), connecting the three nature reserves of the Ailao
Mountains, the Wuliang Mountains and the Dinosaur River and included in the scope of
the national park.
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Table 5. Ecological corridor cost table.

Code MIN MAX MEAN SUM

3-12 0.308381 0.750667 0.441144 90.875575
√

3-11 0.300714 0.785 0.481216 125.116101
3-9 0.309476 0.814667 0.501656 129.42734

Figure 5. Reserve ecological corridors.

3.3.4. Ecological Network Connectivity Evaluation

The structural rationality of potential ecological corridors, important ecological cor-
ridors and optimal ecological corridors in protected areas was assessed based on graph
theory and network analysis methods (Table 6). The results of the study are summarized
in Table 6. Table 6 shows that the α values of potential ecological corridors, important
ecological corridors and optimal ecological corridors of protected areas are 1.18, 0.76 and
2, indicating that the optimal ecological corridor of protected areas has the best structural
connectivity and better routes for the migration and dispersal of species. The β values
were 3.08, 2.28, and 1.33, all with β > 1, which indicated that all were complex structures
of ecological networks with high connectivity of ecological corridors. The γ values were
1.12, 0.84, and 1.33, where potential ecological corridors and optimal ecological corridors
of protected areas had larger γ, which indicated that their ecological nodes were well
connected. The c values were 0.98, 0.94, and 0.97, indicating that the cost values of building
both potential ecological corridors, important ecological corridors and optimal ecological
corridors in protected areas were higher, and the reason for their higher cost might be
interference from anthropogenic activities such as farmland, construction land, and cities in
plots between protected areas. Together with the complex geomorphology and fragmented
protected areas of the Ailao Mountains and Wuliang Mountains National Park, which lead
to the complex structure of ecological corridors, if ecological corridors are constructed
in reality, comprehensive consideration is given to the priority of constructing optimal
ecological corridors within protected areas.
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Table 6. Ecological corridor connectivity evaluation table.

Connectivity Index Potential Ecological Corridors important Ecological Corridors
Optimal Ecological Corridor

of the Protected Area

α 1.18 0.76 2
β 3.08 2.28 1.33
γ 1.12 0.84 1.33
c 0.98 0.94 0.97

4. Discussion

4.1. Advantages and Challenges of Research Methods Based on MSPA and MCR Models

In this study, an integrated construction method for ecological networks based on the
MSPA and MCR was proposed. Compared to the ecological source site identification and
ecological network construction of Giant Panda National Park and Shuangzi Mountain
National Forest Park using 3S technology and landscape ecology theory [30,31]. MSPA
was a widely used method for ecological source site identification, which is simpler and
more scientific in distinguishing spatial patterns in the landscape and identifying patches
with more suitable conditions as ecological source sites. The combined approach with the
MCR model to construct ecological networks has become mature and is commonly used
in cities with good results. However, the ecological network constructed by combining
these two models has rarely been studied for connected isolated Chinese nature reserves.
The ecological source sites in the study area analyzed by the MSPA method in this study
were more concentrated and have better landscape connectivity, which is very favorable for
the construction and optimization of the ecological network [20]. The ecological corridors
and ecological networks constructed by the MCR model are more reasonable and improve
the connectivity and integrity of the proposed Ailaoshan–Wuliang Mountain National
Park. However, the selection of ecological source sites was the key to improving landscape
connectivity and building ecological networks, and in the process of ecological source site
selection, source sites can be identified from a multi-indicator integrated evaluation method
of ecosystem functional importance [55], biodiversity [56], and species distribution, which
can consider the functions, processes, and patterns of ecological source sites in an integrated
manner and may lead to one-sided results if ecological source sites were identified from
a single level [55]. However, for most areas, species movement and distribution data are
often difficult to obtain [57]. Therefore, how to introduce species distribution into the
construction of ecological networks using other models remains to be investigated.

4.2. Proposed Construction of the Ecological Network of Ailaoshan-Wuliang Mountain
National Park

Due to increasing human activities, nature reserves are becoming “islands”, which
are mostly unable to protect species populations and natural ecological processes in the
long term [58]; therefore, there is a need to integrate the reserves into a larger spatial
scale to enhance the ecological connectivity among the reserves [59]. China first proposed
the establishment of a national park system in 2013 [60], which is comparable to the na-
tional parks established internationally, such as Yellowstone National Park in the United
States [61], Canadian national parks [62] and the national parks now established in China,
which belong to a concentrated contiguous area and were relatively large, but most of
the nature reserves in China are insular [63], varying in size and fragmented in distribu-
tion, with little connectivity and integrity [64]. By constructing ecological corridors and
ecological networks, connectivity among nature reserves can be enhanced and constitute
large national parks. Ailaoshan–Wuliangshan National Park has intact wet evergreen
broad-leaved forest ecosystems, and both are home to a large number of flagship species
of western black-crowned gibbons [65] surrounded by a large amount of remnant forest.
History suggests that the Ailaoshan–Wuliang Mountains may have strong connectivity,
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providing the possibility for national parks to construct potential ecological networks and
ecological corridors.

Influenced by human activities, the construction of a reasonable ecological network
requires highlighting the role of anthropogenic disturbance factors in the resistance surface.
As shown in Figure 3f, the proposed ecological corridor of Ailaoshan–Wuliangshan Moun-
tain National Park is more evenly distributed. Corridors with high resistance values are
located mainly in town centers near villages and roads. In contrast, ecological corridors
within protected areas and far from human activities have lower resistance values and
can better connect ecological source sites. The resistance surface is usually constructed
using unidimensional indicators such as slope, elevation, land use type, roads and human
activities [66,67], and the weight values are set by the expert scoring method [22]. In this
study, the resistance surface was constructed from multiple dimensions of land tenure,
vegetation type, topography and human interference, and the integrated resistance surface
model established by using the expert scoring method to set higher weight values for
human interference factors, including town center, village, road and land use type, achieves
better results in this empirical evidence.

4.3. The Impact of Building Ecological Networks on Surrounding Land

The ecological network formed by the proposed 77 ecological corridors is an ideal
ecological network, and the types of land they pass through include agricultural land,
natural forests, and construction land. If all of them are to be realized, they will occupy
a large amount of land and aggravate the conflict between people and the land around
them. Although protected areas in Yunnan, China, are located in remote mountainous
areas, the surrounding population is large and dependent on land resources [68]. The
three protected areas will be set up as ecological source sites, and an optimal ecological
corridor will be screened out by calculating the cumulative value of resistance costs in the
buffer zone and incorporated into the land area of the national park to implement strict
protection management and maximize coordination between the national park and local
community residents for conservation and development. In response to the problem of
constructing ecological corridors that occupy the surrounding residents’ farmland, local
special resources can be developed through community participation in co-management
and the establishment of ecological compensation mechanisms [69,70]. By encouraging
community participation, the conservation and development of national parks coexist. In
most cases, large corridors do not preclude reasonable human use of their resources [58].
Combining conservation with the benefits of social, economic, and peripheral development
allows residents to share the benefits of natural resource conservation [71], which can
weaken the negative effects on the economic development of local communities caused by
the occupation of land resources due to the establishment of ecological corridors.

5. Conclusions

This study attempted to build an ecological network of the proposed Ailao–Wuliang
Mountains National Park based on the MSPA and MCR models. First, based on the
MSPA method, we can directly identify and quantify the ecological source sites in the
study area and provide important data for the building of ecological networks in national
parks. The landscape importance among ecological source locations was further analyzed
scientifically using the more scientific Conefor 2.6 software. The integrated resistance
surface is generated by the four dimensions of geography, human activities, vegetation,
and land tenure, where the pattern of human activities plays a key role in generating the
integrated resistance area, and vegetation and land permanence play a major role in the
integrated resistant surface. Potential ecological corridors of the national park are generated
using the MCR model, and important ecological corridors in the study area were judged
based on the assessment of the gravity model. Form an ecological network of the study
area, install footstones to optimize the ecological network, and finally screen an ecological
corridor to communicate and link protected areas to form a comprehensive ecological
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system. The construction of an ecological network of national parks solves the problem of
insularity of nature reserves, improves the connectivity and integrity of reserves, solves
the real problem of socioeconomic development of the surrounding area caused by the
construction of ecological networks by screening the optimal ecological corridors, relieves
the pressure on humans and land, and provides the possibility of species migration in the
reality of protected areas. The methods based on the MSPA and MCR models are generally
applicable to the construction of ecological networks of national parks with multiple
nature reserves in isolation, and the results of the study can maximize the conservation
of species habitats and biodiversity for the proposed Ailaoshan–Wuliangshan Mountain
National Park.
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Abstract: Protected areas (PAs) play a vital role in environmental conservation, particularly in Asian
countries. Numerous studies were conducted on PAs in Nepal. We analyzed 864 papers from the Web
of Science database using two visualization tools: VOSviewer and CiteSpace. This study identified
the most influential journals, institutions, countries, and regions. In addition, we investigated the
changing trend of research hotspots on PAs in Nepal. Keyword mapping was conducted for each
type of PA and their differences were compared. We found that the research hotspots are changing
with the shifting of conservation policies in Nepal. We suggest conducting more predictive studies on
the future development of PAs. Currently, PA research is mainly conducted in traditional disciplines,
but with the impact of climate change and the consequent increase in its negative impacts, academic
contributions from other disciplines are expected to increase much more. We found that there was
a shift in research power in countries and regions. We also detected an imbalanced distribution in
which “protected areas” and “national parks” have been studied the most. Only 12 publications
were about the hunting reserve, despite its importance to snow leopard conservation and economic
significance to the buffer zone communities.

Keywords: knowledge mapping; bibliometrics; VOSviewer; CiteSpace; protected areas; Nepal

1. Introduction

Protected areas (PAs) play a vital role in conservation around the world [1–4]. Accord-
ing to the International Union for Conservation of Nature (IUCN), a protected area is “a
clearly defined geographical space, recognized, dedicated, and managed, through legal
or other effective means, to achieve the long-term conservation of nature with associated
ecosystem services and cultural values” [5,6]. These include national parks, national forests,
natural reserves, conservation areas, wilderness areas, marine protected areas, wildlife
refuges, and sanctuaries. PAs have significantly increased in number and coverage over the
last century [7]. There were 248,754 designated PAs as of November 2021, encompassing
approximately 15.72% of the Earth’s land surface area and 7.91% of the Earth’s ocean
surface area [8]. The rapid increase in the number and area of PAs combined with wide
support from different social groups has increased the worldwide expectations from the
performance of PAs [9]. PAs also play an important role in biodiversity conservation and
environmental stability [10,11]. Furthermore, as part of the Millennium Development Goals,
PAs are projected to play a direct role in national development and poverty alleviation [9].

Although PAs serve as powerful tools to ensure conservation and sustainable de-
velopment, they face major challenges arising from various aspects that undermine their
efficiencies. Therefore, site selection is of great significance. However, some PAs have been
designated merely because of the low cost of management rather than conservation priori-
ties [12–14]. Various other issues, either inside or outside the PAs, also hamper management
efficacy. Due to inadequate management staff and budgets [15] and lack of management
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schemes [16], many problems can occur within PAs, including competition over natural re-
sources with PAs and conflicts between humans and wildlife [17–20], illegal poaching [21–24],
illegal logging [25–27], and invasion of alien plant species [28–30]. However, challenges
have also been identified outside the PAs. These challenges are largely related to the pres-
sures and impacts of anthropogenic factors from adjacent areas [31–33]—notably, human
encroachment [34–38]. Changes in land use and activities occurring in the surrounding
regions can evoke a majority of negative impacts on PAs [39–41]. Therefore, extensive stud-
ies have been conducted to examine the relationship between PAs and their surrounding
areas [42–44] because these impacts can destroy the conservation-development balance
within and around PAs [45]. Much effort has been made to overcome these problems with
mixed success. These efforts include conservation of PAs, sustainable development, and
community-based management, which have been well documented by Du et al. [46].

PAs are usually densely populated by rural communities and bordered by agricultural
land and are largely established in areas of the world where poverty is common and 92%
of the world’s poor rely on natural resources for their survival [47]. Thus, PAs are expected
to contribute to community livelihoods and well-being [48], which is an important aspect
of advancing sustainable development. Asia’s PAs have great ecological value [9] while
maintaining large concentrations of people, supporting local livelihoods and development,
yet suffering from commercial pressures such as tourism and the construction of roads,
mines, and dams [49]. Given widespread poverty [9], rapid population increase [50], and
political instability [51], managing protected areas in developing countries poses significant
challenges. Furthermore, PAs have attracted significant investment at the cost of opening
remote areas for logging, oil exploitation, and mining [52]. Hence, to understand the
various aspects of PAs in developing nations, much research has been conducted, resulting
in a substantial and expanding corpus of literature.

Pritchard proposed bibliometric analysis, which is a mathematical and statistical
strategy for analyzing relevant literature and understanding worldwide research patterns
in a particular field [53,54]. Bibliometric analysis approaches have been employed in
environmental engineering and science, soil science, ecology, food safety, new energy use,
and other domains to provide quantitative evaluations of the academic literature [55].
A bibliometric study aids in identifying research gaps and directions in a certain field [56].

Bibliometric studies have been successfully applied in several fields to review and
detect research trends and hot topics. For instance, Pratikshya et al. filled the research gap
in the limited data on ecosystem science [57]. They revealed temporal trends, geographical
distribution, and patterns of authors, institutions, and topics. Yang et al. conducted a
systemic and objective review of climate change and tourism [58], identifying the most
urgent issues in this field. In the field of regenerative medicine, Chen et al. identified the
most active topics and revealed emerging trends and new developments in the interplay
between basic and applied research [59].

Nepal is one of the world’s 46 least developed and lowest income countries [60],
sandwiched between two economic heavyweights—India and China [61]. Nepal is an
ecologically and culturally diversified country with a large area of PAs [61,62] and some
globally important ecoregions [63] Moreover, Nepal is ambitious and enthusiastic about
advocating for PA strategies. It has signed many international conventions and treaties to
promote conservation courses, including the Convention on Biological Diversity, Ramsar
Convention, the Convention on International Trade in Endangered Species of Wild Fauna
and Flora, and the World Heritage Convention [64]. Nepal has also had various policy
and plan transitions, from state control to community-based management [65]. Therefore,
drawing a holistic picture of Nepal’s PAs can provide insights into relevant studies on PAs.
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The increasing number of academic, governmental, and (inter)national entities in-
vestigating, implementing, and managing PAs in Nepal has resulted in an increase in the
literature, which includes a constantly rising body of research in academic journals, books,
and conference proceedings. The volume of scientific literature available on PA research
continues to grow, making it difficult for researchers and practitioners to obtain a thorough
and structured overview of essential data. A large number of review studies have been
conducted on management issues [66], environmental policy [64], community forestry and
livelihood [67], ecotourism [68], conservation issues [64,69], human-wildlife conflict [70],
biodiversity [71], and climate change impacts [72]. These perspectives are interdependent
on one another and conducted separately, focusing on a certain perspective. Thus, it is
difficult to grasp the whole picture using traditional literature review methods. However,
scientific knowledge mapping analysis based on bibliometrics is a more practical method
for extracting insightful information from large amounts of data [73].

Therefore, this study employed a combination of performance analysis, which reveals
the number of articles, as well as the main journals and research areas, and science mapping
analysis, which reveals the main research topics, their structure, evolution, and trends. It
aimed to understand the performance, lineage of research, main aspects, and trends of
research on PAs in Nepal from a vast amount of literature to provide a reference for other
scholars in related research. In this study, we have used bibliometrics as a research method
for the first time to conduct a study on PAs in Nepal. It provides a more comprehensive and
systematic analysis compared to the common literature review to deal with large amounts
of data. In addition, in terms of research methodology, we analyzed each type of PA in
Nepal. This is because different types of PAs have different conservation objectives and
priorities, and they face different problems. By doing so, this study not only provides a
panoramic view but also allows comparison between different protected area types.

This study contributes to the literature in several ways. First, it reflects the status
quo and content of the research more immediately, making it easier to trace the field’s
origins and trends. Second, it depicts the evolution of research, allowing scholars to better
comprehend the field’s evolution and identify new directions. Third, it displays the most
prominent institutions and journals, allowing scholars to more precisely search for journals
and articles.

2. Materials and Methods

2.1. Study Area

These are of five types: national parks, buffer zones, wildlife reserves, hunting reserves,
and conservation areas (Figure 1). They are spread across Nepal’s high mountains, mid-hill
areas, and lowland areas, covering 23.63% of the country’s total land area in 2021 [74]
ranking eighth among Asian countries and regions as of 2021 [75]. Details of Nepal’s PAs
are presented in the Supplementary Materials (Table S1).

However, PAs in Nepal are facing increasing issues as the country’s human and cattle
populations grow [65]. Nepal counts on the tourism industry to alleviate poverty, and it has
already been confirmed as a powerful tool for reducing the degree of poverty in Nepal [77].
However, tourism-related negative impacts have also received considerable attention. In
several of Nepal’s protected regions, issues of tourism pressure and waste control are evi-
dent [78]. Furthermore, Nepalese PAs are not fully representative of conservation priorities.
It has been identified that although vulnerable animal species are effectively protected, the
existing PA system does not cover a vast number of threatened plant species [79]. Given the
fact that Nepal is located in the Himalayas, one of the world’s top 20 biodiversity hotspots
and is a biodiversity-rich country that contributes significantly to global biodiversity [79],
the success of its PAs can have an impact beyond its own territory.
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Figure 1. Nepal’s PAs [76].

2.2. Methods

Bibliometric analysis is a quantitative tool for evaluating academic work on a certain
topic by reviewing previous publications [80]. This is a quantitative analysis of scientific
production, allowing us to track the growth of a scientific subject in detail. By examining
secondary data obtained from a digital database from a quantitative and objective stand-
point, bibliometric analysis can introduce a systematic, transparent, and repeatable review
procedure, thereby improving the reliability and quality of the results [81].

2.2.1. Software

There is no consensus on which method is the best among existing bibliographic
software [82]. Therefore, VOSviewer (1.6.18) and CiteSpace (5.8. R3) were used to cre-
ate knowledge maps. They are both Java-based research tools that are widely used for
visualizing and analyzing knowledge maps, as stated earlier. Both use scientometric the-
ory to present the structure, patterns, distribution, and potential knowledge of scientific
knowledge; they can produce collaboration networks of authors, countries, or regions, and
co-occurrence of authors and keywords. The combination of the two can help achieve
accurate visualization of the literature. According to Fu and Ding [83], CiteSpace was
found to have specific advantages in revealing the dynamic development of disciplines
and detecting citation bursts. VOSviewer can be used to create a knowledge map when
there is a clear relationship between subjects or when the amount of data is substantial.

2.2.2. Indicators of Analysis

We employed descriptive and relational bibliometric indicators and methods. Coun-
tries and institutions contribute to a better understanding of the socio-demographic context.
The publication year frequency aids in visualizing and establishing stages in the history of
research. Keywords aid the comprehension of how concepts and research are classified and
linked in this context. This clarifies which of these have not been thoroughly examined.
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2.2.3. Data Sourcing and Analysis Method

In terms of the database selection, Google Scholar lacks the quality control needed for
its use as a bibliometric tool; the larger coverage it provides consists in some cases of items
not comparable with those provided by other similar databases [84]. We did not choose
Scopus either as it has a more comprehensive list of contemporary sources. However, our
study aims to cover a broader time range, that is, starting from the earliest documents. Based
on the discussion above, Google Scholar and Scopus have been excluded from this study.

This study used datasets from Web of Science (WoS). WoS is a well-known and widely
used digital database that provides researchers with high-quality publications of various
types [73,85,86]. WoS has over 21,000 peer-reviewed journals in over 250 categories and
covers a wide spectrum of publications from many fields [87]. Furthermore, WoS is
an appropriate database because it contains a variety of data, including titles, authors,
institutions, countries, abstracts, keywords, references, citation counts, impact factors, and
other information [82,88]. As a result, the datasets can be used for bibliometric analysis and
information visualization.

The data were retrieved from the WoS Core Collection (WoSCC) database on 10
January, 2022, and the time span was set from “1 January, 1900 to 31 December, 2021.” There
are five types of PAs in Nepal [76]. Therefore, the search formula used was “TS = Nepal
protected area* OR Nepal national park* OR Nepal wildlife reserve* OR Nepal buffer zone*
OR Nepal hunting reserve* OR Nepal conservation area*” and the document type was
chosen as “ARTICLE” and in “English”, yielding a total of 864 documents. We only selected
journal articles because they are regarded as “certified knowledge” and because they are
the outcome of an evaluation procedure, which gives the results credibility [89]. As a result,
we excluded proceedings papers, news articles, or other documents (Table 1).

Table 1. A summary of searching criteria.

Data Source Web of Science Core Collection

Citation indexes SCI-EXPANDED; SSCI; AHCI; ESCI
Date range 1 January 1900–31 December 2021

Keywords “Nepal protected areas OR Nepal national parks OR Nepal wildlife
reserves OR Nepal buffer zones OR Nepal Hunting reserves”

Document types “Articles”
Language “English”
Sample size 864

We did not analyze “Hunting reserve” because the sample size was too small (only 12)
to be used for knowledge mapping (Table 2) since the ideal sample size should be more
than 50 documents [90]. After searching and screening, 864 articles covering 73 research
areas were collected. These papers were by 2057 authors affiliated with 1026 institutions in
64 countries and regions. These were published in 315 journals and cited 13,014 references
(Table 3).

Table 2. Counts of keywords.

Keywords Counts %

All 864 100.0
National Park 622 71.9
Protected area 327 37.8

Wildlife reserve 68 7.8
Conservation area 171 19.8

Buffer zone 118 13.7
Hunting reserve 12 1.39
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Table 3. Descriptive results.

Criteria Quantity

Publications 864
Research categories 73

Authors 2057
Journals 315

Institutions 1026
Countries and regions 64

Cited references 13,014

Using the WoS “Analyze the Results” function, descriptive statistics on year and count,
research categories, countries, and regions were conducted; SPSS 26.0 was used to conduct
statistical analysis on the stages of publication; CiteSpace V and VOSviewer were used to
conduct the mapping process.

3. Results

3.1. Publication Performance Statistics

Figure 2 depicts the publication counts over the years and the cumulative publications.
All data were imported into SPSS 26.0 for a correlation test. This shows that there is an
exponential relationship between the volume of the literature and time (Table 4).

Figure 2. Publication counts and cumulative counts over years.

Table 4. Statistical analysis of counts and years.

Year Count

Year Pearson Correlation 1 0.893 **
Sig. (2-tailed) 0.000

N 38 38
Count Pearson Correlation 0.893 ** 1

Sig. (2-tailed) 0.000
N 38 38

** Correlation is significant at the 0.01 level (2-tailed).
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From 1979 to 1990, there was a period in which only a few publications were produced,
with a barren period between 1979 and 1990, the incipient period. The second phase
(1991–2006) witnessed a nearly 10-fold increase in the number of publications on average.
Although the third period (2007 to 2014) had some fluctuations, it still showed a significant
increase in the number of articles, indicating that the study had progressed. After 2015,
the number of articles increased sharply. The year 2020, with 78 articles, had the most
publications. By the end of 2021, the cumulative number of publications reached 864.
A further increase is expected for 2022.

A total of 73 research categories were included. The research domain was broad in
scope, encompassing a wide range of topics and disciplines. Figure 3 shows the top 15 with
more than 20 publications. Environmental sciences came first with 249 papers, followed
by ecology with 235 papers. Biodiversity conservation contributed 194 publications, and
zoology 118 publications. Publications can also be found in other disciplines.

 
Figure 3. Research categories.

In total, there were 864 publications in 315 journals. Although many journals sup-
ported a wide range of research themes and multidisciplinary characteristics of studies on
Nepal’s PAs, 33% (n = 286) of the journals had published no more than five publications.
Table A1 provides a list of journals with more than 10 publications; Table A2 shows the top
10 most cited articles.

The visualization map produced using VOSviewer provides a more direct impression
of the journals’ citation correlation (Figure 4). The threshold was set at five to study the
connections and clusters of the most prolific journals. The map shows five clusters (five
colors). The cluster shown on the right part of the map consists of five journals of geoscience
and appears slightly distant from the other four clusters, which are closely connected to one
another. The journals were extensively connected to each cluster. The node size denotes the
number of journal publications, as illustrated in the map.
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Figure 4. Journals citation correlation.

3.2. Analysis of Countries and Regions and Major Research Institutions
3.2.1. Countries and Regions

A countries/regions co-authorship network visualization map (Figure 5) was built
to show their relationships. The minimum document criterion is set at 5. Of the 64 units,
33 were identified as visualization objects. The number of papers is represented by the
size of the circles, with larger circles indicating more documents. Seven clusters can be
recognized by their distinct colors. For example, Nepal and the United States collaborated
extensively, and their contributions were obviously larger than others. Nepal contributed
360 publications, while the United States contributed 313. Other countries and regions have
also contributed to this research field as well. However, many of them are far from each
other on the map, showing weak cooperation.

Figure 5. Countries and regions.
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3.2.2. Major Research Institutions

VOSviewer was used to create an organization citation visualization map to investigate
primary collaboration among the 976 organizations (Figure 6). There were 73 powerful
organizations (7.5%) that remained when the threshold value was set to 6. The map shows
that these organizations are grouped into four clusters (shown in 10 colors in Figure 6).

Figure 6. Map of “Research Institutions”.

The size of the node symbolizes the number of publications, and the line connecting the
two nodes indicates the academic connection between the two organizations. The stronger
the connection, the shorter the line. All institutes are labeled with their abbreviations.
As shown in the map, the red cluster has the most members (39). The National Trust for
Nature Conservation (natl trust nat conservat) led the red cluster in terms of publication
production (46), followed by the Chinese Academy of Sciences (chinese acad sci) with
35 documents. Tribhuvan University (tribhuvan univ) led to a blue cluster. Tribhuvan
University contributed the most to both publications (138) and linkages (146). Arizona
State University (arizona state univ) led its cluster (in green color) with 20 publications
followed by Hokkaido University (hokkaido univ) (14). In the yellow cluster, Kathmandu
University (kathmandu university) contributed 23 documents. All clusters showed a close
internal connection, except for the blue cluster. On top of the map, two institutes, the
Agricultural University of Norway (agr univ norway) and University of Copenhagen (univ
copenhagen), are remotely related to Tribhuvan University and bear no connection to any
other clusters (Figure 6).

3.3. Analysis of Research Lineage
Diverse Research Aspects

Keywords are nouns or phrases that express the important substance of an article [91].
The keywords used in the publications were analyzed to provide both the most important
themes and significant research trends in the field [92]. VOSviewer was used to create a
keyword co-occurrence map that visualizes variations in scientific production [93]. We set
the threshold as the default value (10), and a binary counting method from both titles and
abstracts, ignoring structured abstract labels and copyright statements, was adopted. A
total of 339 (out of 20,916) items were discovered and sorted into three clusters (separated
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by color, as shown in Figure 7). The most frequently used keywords are shown in larger
nodes. These nodes are connected to each other at various distances. The greater the
association between the terms, the shorter the distance between the different nodes.

Figure 7. Mapping of “All Keywords”.

The sizes of the nodes in Figure 7 show the frequency of the terms used. Larger
nodes indicate more frequently used keywords. The term “person”, “zone”, “distribution”,
and “habitat” had the most power. The nodes in the same cluster indicated that these
publications had a common theme. As illustrated in the red cluster (cluster 1, right,
130 nodes), the primary nodes like “habitat” and “density” were found. In this cluster,
other keywords such as “animal”, “livestock”, “tiger”, and “poaching” indicate a research
interest in major animals and related topics. Keywords like “person”, “wildlife”, “conflict”,
“household”, “livelihood”, “income”, “policy”, and “tourism” formed core topics in the
green cluster (cluster 2, bottom left, 115 items). We can determine that this cluster’s main
concern is related to people’s lives and their interactions with wildlife. Other keywords
such as “interview” and “case study” indicated the most adopted research methods in this
cluster. Next, nodes such as “zone”, “distribution”, “elevation”, “himalaya”, “temperature”,
and “transect” focused on the aspect of geographical and geological studies in the blue
cluster (cluster 3, top, 91 items).
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Burst detection is a valuable analytic tool for identifying keywords that attract consid-
erable attention from connected scientific communities over time. Keyword citation bursts
occur when the number of citations for a certain keyword spike is dramatic. Here, 25 bursts
discovered on the keywords were calculated using CiteSpace (parameter settings: years
per slice: 1; node types: keyword) to investigate the PA-relevant studies and to explore the
intensely explored directions (Figure 8). The top 25 keywords with bursts were mirrored
by the discovered hotspot keywords displayed in Figure 8. The period during which the
citation boom occurred is indicated in red.

Figure 8. Citation burst detection.

The keywords of the early stage were “constraint”, “main central thrust”, and “in-
verted metamorphism”, denoting a period of research interest in geological studies. Then,
from 1998 to 2015, “local people”, “community”, “conservation”, and “protected area
management” and wildlife attracted intense research enthusiasm. Two of Nepal’s famous
national parks, Sagarmatha National Park and Chitwan National Park, have received
intense attention from the scientific community. In recent years, topics related to climate
change have enjoyed a boom. Keywords “climate change” and “precipitation” are now in
the burst range, along with the two other burst leading keywords, “abies spectabili” and
“impact”, indicating the latest research hotspot related to climate change.

By assessing the burst keyword order, such as “main central thrust”, “local people”,
“conservation”, “attitude”, “climate change”, and “impact”, the dynamic process can be
found in Figure 8. The keyword bursts also revealed that the focus of the study shifted
rapidly over time.

3.4. Comparison among Different Keywords
3.4.1. Protected Areas

PA subjects were divided into five colored clusters (120 items) (Figure 9). The red clus-
ter with the most terms (60) is led by “park”. Other keywords in this cluster include “local
person”, “perception”, “policy”, “attitude”, “interview”, and “tourism”. Most of the key-
words in this cluster were related to parks and interactions with local people/communities.
“Species”, “population”, “distribution”, “threat”, “habitat”, and “landscape” are the primar-
ily associated terms in the green cluster (43 items), which is related to research on wildlife
and their habitats as well as the impact of human. The blue cluster contains 14 items with
“forest”, “diversity”, and “community forest” being bigger nodes, indicating a research
interest in forests and interaction with the community. The other two clusters contained
too few items to be analyzed.
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Figure 9. Mapping of “Protected Areas”.

3.4.2. National Parks

The “National Parks” topic has three colored clusters with 228 items (Figure 10).
The red cluster holds the most terms (87) with “person” at the center. Other keywords
in this cluster include “livelihood”, “attitude”, “perception”, “conflict”, “wildlife”, and
“tourism”, suggesting studies related to local people’s relationship with national parks.
The green cluster contains 82 items with bigger nodes of “range”, “density”, “animal”,
“abundance”, “livestock”, and “tiger”, which demonstrates a research interest in wildlife
and their living environment and interaction with the community. Most of the keywords in
the blue cluster (59 items) were related to abiotic studies, such as geological and climate
change. “Himalaya”, “structure”, “climate change”, and “glacier” are important terms in
this cluster.

Figure 10. Mapping of “National Parks”.
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3.4.3. Buffer Zones

“Buffer zones” brought up 221 items and were grouped into three clusters (Figure 11).
The keywords such as “region”, “tourism”, “development”, “dynamic”, and “sagarmatha”,
led the red cluster (92 items). In the green cluster, studies were more related to “royal
chitwan national park”, “resident”, “cost”, and “place” places (67 items). The blue cluster
has 62 items with “conflict”, “increase”, “wildlife”, “tiger”, “attack”, and “victim” being
eye-catching. This cluster concerns wildlife attacks and their impact.

Figure 11. Mapping of “Buffer Zones”.

3.4.4. Conservation Areas

This field of “conservation areas” generated three clusters as well, containing 144 items
(Figure 12). The threshold for this map was set at five because the sample size was too
small to produce a satisfactory map. It is worth noting that the keyword “park” is centered
on the whole map, showing a close connection to the other two clusters.

The red cluster holds 65 items with important nodes of “development”, “partici-
pation”, “local community”, “income”, “tourism”, and “aca (Annapurna Conservation
Area)” pointing to studies on tourism-led development and local participation. The green
cluster (49 items) is led by items of “habitat”, “park”, “distribution”, “range”, “species
richness”, “temperature”, “treeline ecotone”, and “musk deer” showing a mixed research
focus on wildlife, their habitat and plants’ correlation with temperature. In the blue cluster
(30 items), “snow leopard”, “conflict”, “blue sheep”, “density”, “ecology”, and “prey” are
bigger nodes showing intense research interest in animal and ecological perspectives. The
word “conflict” is very close to the red cluster, indicating a close relationship between
wildlife and “development”.
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Figure 12. Mapping of “Conservation Areas”.

3.4.5. Wildlife Reserves

Mapping of this topic produced 119 items that were organized into three clusters
(Figure 13). “Park” and “reserve” are considerably larger than the other keywords with the
former being center of the map. Apart from “reserve”, the red cluster (46 items) concentrates
on “threat”, “individual”, “water buffalo”, and “poaching”. It is also a field of research
on animals and their living environments. Green (38 items) is mainly about animals, such
as “ungulate”, “axis porcinus”, and “prey”. However, this cluster’s studies have been
mostly low with regard to “lowland Nepal”. The blue one is clearly related to studies on
local people and conservation because this cluster is led by keywords such as “person”,
“household”, “benefit”, “local community”, “conflict”, “damage”, and “compensation”.

Figure 13. Mapping of “Wildlife Reserves”.
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4. Discussion

4.1. Research Trends Shifting

The multidisciplinary nature of research on PAs, as well as the numerous and compli-
cated interrelationships between these fields, have made it difficult to identify its trends
shifting pattern. We discovered buried information underpinning this major body of
research.

The conservation strategy of protected areas is in a process of dynamic change. Na-
tional policies and socio-economics are the drivers of these changes [65]. The emergence
of new changes leads to changes in research hotspots accordingly. This trend of changes
is also reflected in our study. In 1973, the Chitwan National Park (CNP) was established
and the Nepalese conservation paradigm entered the “Yellowstone paradigm”, with strict
management and a ban on people living in the park [65]. This phase was dominated by
research focused on geology.

From the 1980s onward, the Nepalese government recognized the importance of a
participatory conservation and development model. The government legislated in 1989 to
define the approach, that is, to recognize the indispensable role of local people in the
conservation process [65]. Our keyword burst analysis also reflects this trend. The burst
of the keyword “community-based conservation” (Figure 8) from 1998 to 2012 marks
the emergence of a great number of relevant studies. The large number of studies also
provides a strong theoretical basis for Nepal to be a successful model of biodiversity
conservation [94]. As the new conservation approach no longer completely excludes people
from PAs, it has also led to some new thinking. For example, studies on people’s attitudes
toward conservation, on the relationship between people and animals have been conducted.

The latest research trends are mainly related to climate change and its impacts, as
Nepal is a country prone to climate change disasters [95], which is in accordance with the
global concern regarding this topic.

It is important to note that we observed a lag in the changes in research hotspots
relative to policy changes. This is because it takes time for policies to take effect and for
research to progress. Based on this, we highly encourage research on future projections
based on the previous research findings and changes in research hotspots. Research on
PAs in Nepal is mostly conducted in traditional academic disciplines. However, with the
impact of climate change and the resultant increase in natural disasters, studies from other
research areas, such as remote sensing, meteorology, and atmospheric sciences, are thus
expected to contribute much more [96].

4.2. Power Shifting and New Players

By using the WoS function “analyze results”, we found that Kenya and Austria were
among the pioneers of studying Nepal’s Pas (Figure 14). Kenya contributed to animal
research, with its first publication concerning the ivory trade in 1998 [97]. Austria started
its studies on Nepal’s PAs with a publication in 1994 in Germany about the impact of
tourism [98]. As new players, the Netherlands and Belgium have contributed mostly to
studies on biodiversity conservation and ecology. Meanwhile, Poland is interested in the
management of national parks, waste management, plants, and tourism.

Something interesting can be found in the density map of countries and regions
(Figure 15). Besides the US and Nepal, another contributor to the research on PAs in Nepal is
China. This is not unusual because China is naturally interested because of its neighboring
location in Nepal. To a certain degree, these two countries are connected to one another
ecologically. Other close neighbors of Nepal, such as Bhutan and Bangladesh, seem to be
less active in this party. However, bordering on each other means that they are bound to
have mutual benefits or losses. Transboundary PAs exist in Nepal. For example, the Sacred
Himalayan Landscape (SHL) connects Nepal, India, and Bhutan. These PAs also play the role
of ecological corridors for some iconic animals [65] between countries and regions. Hence,
here we highly suggest that these neighboring countries and regions conduct joint research,
which will bring more benefit to a larger regional, even international scale.
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Figure 14. Overlay map of countries and regions.

 

Figure 15. Density map of countries and regions.

4.3. Uneven Research Interest and Homogenization of Research Methods about Each PA Type

Among the mapping results, we found that the keywords about people, animals,
development, and conflict were the most prevalent research topics. The management
policies at the early stage did not allow people to live in PAs, and people’s demand for
natural resources created conflicts with the reserve [99]. The community-based conservation
recognizes the indispensable role of local people in the conservation process and no longer
completely prevents people from living and working in PAs. However, it increases the
chances of encounters between people and wildlife, which can lead to conflicts. For
example, in CNP alone, there were over 4000 wildlife-attack losses to humans, livestock,
and property from 1998 to 2016 [100]. In other PAs around the world, human–animal
conflict is also of widespread concern [101]. In addition, it is difficult to strike a perfect
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balance between conservation and development, for example, using tourism to promote
the economy will inevitably bring some environmental pressure.

Figure 16 shows the top five keywords that appeared to fall into each category. The
first two, “protected areas” and “national parks”, have received much more attention
from researchers. One of the reasons that national parks have been accumulating more
publications would be their longest history in Nepal’s conservation progress since the
establishment of the first national park, Chitwan National Park [79], a sign of formal
conservation in the country. Another reason may be the dominant number of parks
(12 national parks), which is the most common type of PAs in the country (Figure 1).
Being different from national parks, buffer zones, conservation areas, and wildlife reserves
allow local people to use forest products in a sustainable way in Nepal [65]. Under such
circumstances, the management goals and practical needs of local people often lead to
“park–people conflicts” [102,103]. The buffer zone is thought to be a major conservative
priority, but few studies have been conducted to test its effectiveness in Nepal [104]. Hence,
more studies in these less-investigated areas should be conducted in the future.

 
Figure 16. Comparison of top five keywords under each topic.

Many studies related to “people”, such as perception and attitude studies, employ the
research methods of questionnaire surveys or interviews. However, it is worth noting that
even in different studies, repeated questions may evoke the “memory effect” leading to
unreliable answers [105]. Therefore, more studies should be pursued, and new relevant
topics and previously under-studied disciplines should be investigated.

4.4. Insufficient Attention to “Hunting Reserves”

The Dhorpatan Hunting Reserve (DHR; Figure 1) is the only hunting reserve in
Nepal and is home to many mammalian species [101]. We did not analyze the keywords
of “hunting reserves” because there were only 12 papers concerning this topic, which
was not sufficient to generate a preferable map for reasonable analysis. However, this
does not indicate that this hunting reserve deserves no academic attention. There are
approximately 350–500 snow leopards (Uncia uncia) living in Nepal’s northern frontier,
and their presence has been suggested in many PAs of Nepal, with DHR being one of
them [106]. However, their survival is threatened by conflict with humans [107]. As a
controlled hunting area, the DHR has the potential to contribute to the conservation of
snow leopards. Many scholars have studied this endangered species in conservation areas,
as suggested by the large node (Figure 12). However, little research has been conducted on
snow leopards in the DHR. We suggest that special attention be paid to this issue. However,
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buffer zone communities depend on the revenue generated by the DHR. This avenue
usually comes from the government’s sale of hunting permits, and DHR creates certain
job opportunities [99]. Given the importance of DHR in terms of its social and ecological
aspects, more relevant studies are needed.

4.5. Limitations of This Study

Proceedings were excluded from our study. However, papers in proceedings derived
from international conferences usually contain hot topics. Book chapters were also excluded,
but many important social science studies have been described. Here, we suggest that
future studies consider an analysis that includes proceeding papers and book chapters. We
did not perform thesaurus removal because of the large number of keywords analyzed in
our study. This may cause some inaccuracies in the node size and links.

5. Conclusions

To draw a holistic and systematic picture of research on PAs in Nepal, we undertook
an integrative study using bibliometric analysis. An increase in the number of papers
indicates that the topic is growing and has attracted intense research interest. This research
did not receive widespread attention in the early years. However, the exponential growth
trend in the literature shows a high level of enthusiasm for research on this topic in Nepal.
We identified the changing trend in this field from geological aspects in the early stage
to the recent hotspots of climate change-related perspectives. There has been a shift of
“research powers” in countries and regions. Kenya, Canada, Norway, Switzerland, and
the US were among the earliest players. Nepal contributed the most in the middle stage.
China also became interested in this period. Belgium and Poland contributed the latest
publications.

We found that the research hotspots are changing with the shifting of conservation
policies in Nepal. We suggest conducting more predictive studies on the future develop-
ment of PAs. Currently, PAs research is mainly conducted in traditional disciplines, but
with the impact of climate change and the consequent increase in its negative impacts,
academic contributions from other study disciplines, such as remote sensing, meteorology,
and atmospheric sciences, are expected to contribute much more. Research enthusiasm
toward each keyword showed some imbalance with “protected areas” and “national parks”,
attracting much more attention than others. Although there is currently only one hunting
reserve, we suggest that more relevant studies should be conducted.
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Appendix A

Table A1. The journals with more than 10 publications.

Ranking Journals Publication Number

1 Mountain Research And Development 39
2 Oryx 31
3 Environmental Conservation 29
4 Global Ecology And Conservation 26
5 Biological Conservation 23
6 Environmental Management 22
7 Ecology And Evolution 19
8 Plos One 19
9 Biodiversity And Conservation 18
10 Journal Of Environmental Management 14
11 Sustainability 14
12 Journal Of Mountain Science 12
13 International Journal Of Sustainable Development And World Ecology 11

Table A2. The top 10 most cited articles.

Rank Title of Publications Journals
Publication
Year

Citation
Count

1 Tectonic evolution of the central Annapurna Range,
Nepalese Himalayas Tectonics 1996 423

2
Neogene foreland basin deposits, erosional unroofing, and
the kinematic history of the Himalayan fold-thrust belt,
western Nepal

Geological Society of America
Bulletin 1998 361

3 Shisha Pangma leucogranite, south Tibetan Himalaya: Field
relations, geochemistry, age, origin, and emplacement Journal of Geology 1997 332

4 Isotopic constraints on the age and provenance of the Lesser
and Greater Himalayan sequences, Nepalese Himalaya

Geological Society of America
Bulletin 1996 323

5 Insights on linking forests, trees, and people from the air, on
the ground, and in the laboratory

Proceedings of the National
Academy of Sciences of the
United States of America

2006 319

6 Decompression And Anatexis of Himalayan Metapelites Tectonics 1994 301

7
Tectonometamorphic evolution of the Himalayan
metamorphic core between the Annapurna and Dhaulagiri,
central Nepal

Journal of Metamorphic
Geology 1996 254

8

Exhumation, crustal deformation, and thermal structure of
the Nepal Himalaya derived from the inversion of
thermochronological and thermobarometric data and
modeling of the topography

Journal of Geophysical
Research-solid Earth 2010 217

9
P-T-t data from central Nepal support critical taper and
repudiate large-scale channel flow of the Greater Himalayan
Sequence

Geological Society of America
Bulletin 2008 213

10 Local attitudes towards conservation and tourism around
Komodo National Park, Indonesia Environmental Conservation 2001 208
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Abstract: Management evaluation is increasingly required for national parks worldwide as it is
an essential mechanism for improving management levels and achieving management objectives.
The management capacity evaluation (MCE), an integral component of management evaluation,
emphasizes the suitability of management measures. It helps identify the deficiencies in existing
management measures and form feedback to improve them, thus increasing the overall management
level of national parks. However, the existing MCE methods from international programs suffer from
limited adaptability and are difficult to promote in other countries. In this research, we apply the best
practice-based (BPB) method to the Three-River-Sources National Park (TNP), the first national park
in China, to reveal the changes in its management capacity during the pilot period. The BPB method
is new compared with other MCE methods, but is more adaptable to the current situation of China’s
national parks. Results show that TNP’s comprehensive management capacity and the five aspects
of management capacities improved effectively, which means the management measures adopted
during the pilot phase were generally appropriate and practicable. Some management capacities,
such as management organization, legal system construction, management planning, and natural
resources confirmation and registration performed well or improved significantly during the pilot
period, providing beneficial lessons for other national parks in China. Some management capacities,
such as the ecological compensation scheme, monitoring and early warning system, and management
team, are still deficient and should be prioritized for future improvement. The effectiveness and
operability of the BPB method are validated in this research, as it provides a rapid and accurate
diagnosis of TNP’s management capacities and useful feedback for improving them. We submit
that the BPB method not only contributes to the theoretical improvement of MCE methods, but also
shows wider adaptability to different protected area types and countries.

Keywords: management capacity evaluation; management measures; national park; protected area;
best practice; indicator system; Three-River-Source National Park

1. Introduction

Protected areas (PAs) are defined as an area of land and/or sea especially dedicated
to the protection and maintenance of biological diversity, and of natural and associated
cultural resources, managed through legal or other effective means [1]. They are of great
significance in mitigating biodiversity loss, maintaining the crucial services provided, en-
hancing community health, and safeguarding national ecological security [2–4]. Since
the first protected area was established in 1956, China built a system of PAs covering
forest, grassland, wetland, marine, and desert ecosystem types, aiming to preserve rare and
endangered species, natural relics, and natural landscapes [5]. As of 2018, there are more
than 10 types of PAs in China, with more than 11,800 sites, covering a total area of about
18% of the land area and 4.6% of the sea area [6,7]. However, due to the unclear rights and
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responsibilities, the replication of administrative efforts, and the fragmentation of conser-
vation expertise, these PAs suffer from varying degrees of management inefficiency [8].
To this end, China conducted the institutional reform in March 2018, and established a
new protected area system comprised of three types: national parks, nature reserves, and
natural parks [9].

National parks, comprising areas that showcase ecosystems characteristic of China,
are defined as the mainstay of this new protected area system. National parks are important
components of the global protected area system, not only having the function of providing
high-quality ecological products, but also providing human society with public services,
such as research, education, and recreation [10–12]. Since the Yellowstone National Park
was established in the U.S. in 1872, more than 200 countries around the world participated
in the construction of national parks, and a great amount of financial and non-financial
resources are continuously invested in their construction [13]. However, it is increasingly
questioned whether the input of various resources enhanced the management capacity and
effectiveness of national parks and whether the management objectives of national parks
were achieved as expected. Since the fourth World Parks Congress in 1992, these issues
are featured prominently on the national park management agenda and became common
concerns [14]. China also confronts these questions in the construction of national parks.
Ten national park pilots were established since 2016, and the first batch of five national
parks was officially recognized in October 2021 at the 15th meeting of the Conference of
the Parties (COP15) to the United Nations Convention on Biological Diversity. During this
period, the construction of national parks received extensive attention from governments
at all levels, as well as obtained strong policy support and a large amount of capital and
technology investments. However, whether and to what extent these investments improved
the management capacity and efficiency of the national parks is not credibly answered.

In the management of PAs, management evaluation is recognized as an important
mechanism to improve management practices, promote transparency for reporting, and
create proper accountability [15]. International attention was drawn to the management
evaluation of PAs since the 1970s [14]. After nearly 50 years of development, a composite
management evaluation system that includes evaluations of effectiveness, capacity, threats
and stresses, impacts, and biophysical characteristics was established [13,16–19]. The most
widely used management evaluations are the management effectiveness evaluation and
the management capacity evaluation. The management effectiveness evaluation (MEE)
primarily refers to the responsiveness of management results to desired objectives [14,15].
The management cycle-based evaluation framework proposed by the International Union
for Conservation of Nature (IUCN) became the cornerstone of a series of MEE methods.
Several of these methods, such as rapid assessment and prioritization of protected area
management (RAPPAM), the management effectiveness tracking tool (METT), and enhanc-
ing our heritage (EOH), are widely used in many PAs around the world [20–24]. MEE tends
to reveal the effectiveness of management and conservation by measuring changes in the
state of PAs, therefore being more applicable to mature PAs and mainly being used to make
comparisons between PAs. Compared to MEE, the management capacity evaluation (MCE)
focuses on the suitability of management measures, that is, whether management measures
respond effectively to management needs [25]. The Parks in Peril Program, initiated by
The Nature Conservancy (TNC), evaluates the management capacity of national parks
from the perspectives of primary conservation action, long-term management, financial
support, and local guarantee. This method was applied in 17 countries in Latin America
and the Caribbean [26,27]. The Proyecto Ambiental Regional de Centro America program
(PROARCA) proposed an MCE method with an indicator system comprised of social
relations, administration, natural and cultural resources, political law, and finance. This
method was applied in Panama, Honduras, El Salvador, Nicaragua, Guatemala, and Costa
Rica in Central America [28]. MCE helps diagnose the soundness of management practices
in an individual PA and is often used in the early stage of the PA’s construction.
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China started management evaluation practices in the 1990s, focusing on the MEE of
nature reserves. Xue and Zheng explored the indicators and standards of MEE for nature
reserves in China, and proposed an indicator system containing management conditions,
management measures, a scientific research base, and management effectiveness [29].
Since then, several mature international methods were introduced to China, of which
RAPPAM and METT are widely used. According to incomplete statistics, by the end of
2019 there were 2081 nature reserves with a total area of 1,238,500 km2, which accepted
MEE, accounting for 66.37% of the total PAs in China [30]. In addition, the management
authorities developed specifications for the MEE of nature reserves, such as the Technical
regulations for the management effectiveness evaluation of nature reserves (LY/T 1726-2008) and
the Standard for assessment of nature reserve management (HJ 913-2017). At this time, a
mature MEE evaluation system for China’s nature reserves is formed. However, due to the
differences in conservation objectives and management needs, the existing MEE methods
of nature reserves cannot be directly applied to national parks. Furthermore, the national
parks of China are at the early stage of construction, so the MCE that emphasizes the
suitability of management measures is more appropriate for them. It will help identify
the deficiencies in existing management measures, improve the management processes,
and increase the overall management level of national parks. Although the existing MCE
methods from international programs can provide some references, their indicator systems
and evaluation standards lack wider adaptability, making them difficult to promote in
other countries, such as China.

In this research, we apply the best practice-based (BPB) method to the Three-River-
Sources National Park (TNP), the first national park in China, aiming to reveal the changes
in its management capacity during the pilot period. The BPB method summarized the best
practices of national park management in different countries and proposed an indicator
system and a set of evaluation standards for evaluating the management capacity of na-
tional parks, therefore having wider adaptability and a larger potential for promotion [31].
Compared with other MCE methods, this method is more adaptable to the current manage-
ment situation of China’s national parks, and is able to quickly identify the shortcomings
in the management and the gaps at the international best level. However, the BPB method
was rarely applied since it was proposed. Thus, its effectiveness and operability are lacking
in validation. We submit that this research will not only help improve the management
capacity of TNP and provide guidance for the management of other national parks in
China, but will also test and validate the BPB method and contribute to the theoretical
innovation and improvement of MCE methods.

2. Materials and Methodology

2.1. Best Practice-Based (BPB) Evaluation Method

As mentioned earlier, the MCE is an important component of protected area man-
agement evaluation and is particularly essential for current national park management
in China. However, the existing MCE methods from international programs suffer from
limited adaptability and are not well suited to the management needs of China’s national
parks. To this end, we apply and test the BPB method proposed by us in 2019 [31]. The most
important feature of this method is that the evaluation indicators and standards are selected
and determined based on the best practices of existing national parks in the world. To
design the indicator system, we firstly made a systematic review of national park manage-
ment practices in various countries, such as the U.S., Canada, the U.K., South Africa, Japan,
South Korea, and Argentina, and obtained a summary of the best practices in worldwide
national parks. Then we developed an indicator system with a total of 18 indicators in the
five aspects and designed five criteria accordingly: institutional construction, guarantee
mechanism, natural resources and ecosystem management, community management, and
popularization and education (Table 1).
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Table 1. Evaluation indicators of the best practice-based (BPB) method and their best standards.

Criterion Indicator Best Standards

Institutional
construction

Management organization
An independent management organization is established in the
national park with well-organized departments and a clear division
of duties, which allows for efficient and orderly operation.

Management team
The management team has excellent professional knowledge and
comprehensive capacity and frequently participates in professional
skills training.

Management planning
The management planning can integrate multiple plans of the
national park to meet its management needs to the largest extent and
form a mechanism for dynamic adjustment and regular revision.

Guarantee mechanism

Financial support The national park has sufficient financial investment, diversified and
stable financing channels, and a sound capital management system.

Legal system construction The national park has a sound legal system, clear legal hierarchy, and
professional enforcement team.

Scientific research support A dedicated team conducts long-term and steadily based scientific
research, and the research results serve to construct the national park.

Multi-stakeholder participation The enterprises, social organizations, community residents, and other
parties are involved in the management of the national park.

Audit mechanism An audit mechanism system that acts as a constraint has effective results.

Natural resources and
ecosystem

management

Natural resources inventory The national park completed comprehensive natural and resource
inventories and formed a complete resources database.

Natural resources confirmation
and registration

The national park completed the confirmation and registration of its
natural resources.

Ecosystem restoration The national park implemented scientific and long-term ecological
restoration initiatives, which resulted in significant effectiveness.

Monitoring and early
warning system

The national park has a complete monitoring and early warning
mechanism, as well as the necessary facilities to monitor complete
ecological elements and accurately warn of natural disasters.

Community
management

Community organization
construction

There is a community organization with a complete structure and
standardized management, in which the community residents’
interests can be covered and their recommendations can be presented
regularly.

Resident participation
A well-established community co-management mechanism allows
community residents to participate in managing the national park in
various ways.

Ecological compensation
scheme

The ecological compensation scheme is diversified and stable,
providing flexible and diverse compensation methods that are
satisfactory to the recipients.

Popularization and
education

Recreation management
There are comprehensive recreation management regulations and
standardized visitor management systems to meet the recreation
needs of the public.

Science popularization
By providing rich and colorful popular science activities, comprehensive
science popularization facilities and exquisite science popularization
materials, the national park realized an extensive publicity.

Environmental education
The national park conducts a wide variety of environmental
education activities to raise the environmental protection awareness
of the community, visitors, and the general public.

Source: reference [31].

Based on the above indicator system, we applied the hierarchical analysis method
and participatory evaluation process to determine the weight of each indicator. A total

89



Land 2022, 11, 1565

of 30 experts from the fields of ecology, environment, management, and planning were
invited to make a judgment on the importance of each criterion, and the weights of the five
criteria were then calculated (Table 2). The weights of institutional construction, guarantee
mechanism, natural resources and ecosystem management, community management, and
popularization and education were 0.380, 0.179. 0.212, 0.067, and 0.162, respectively. Next,
the weights of each indicator under each criterion were calculated in the same way (Table 2).

Table 2. Weights of the evaluation indicators of the BPB method.

Criterion Indicator Weight

Institutional construction
(0.380)

Management organization 0.354
Management team 0.426

Management planning 0.220

Guarantee mechanism
(0.179)

Financial support 0.376
Legal system construction 0.240
Scientific research support 0.194

Multi-stakeholder participation 0.122
Audit mechanism 0.068

Natural resources and
environment management

(0.212)

Natural resources inventory 0.313
Natural resources confirmation and registration 0.273

Ecosystem restoration 0.193
Monitoring and early warning system 0.221

Community management
(0.067)

Community organization construction 0.422
Resident participation 0.289

Ecological compensation scheme 0.289

Popularization and education
(0.162)

Recreation management 0.383
Science popularization 0.217

Environmental education 0.400
Source: reference [31].

To evaluate the management capacity of a national park, participants will be invited to
score each indicator by judging the extent to which the corresponding management capacity
meets the best standard. Each indicator is scored through a five-grade scale; 5, 4, 3, 2, and 1
represent fully compliant, relatively compliant, largely compliant, not very compliant, and
not compliant, respectively, with the score of 100, 75, 50, 25, and 0 on a percentage scale.
When calculating the comprehensive management capacity score for each national park,
the scores in each aspect should be calculated first. The score of the management capacity
in one aspect is calculated by summing the weighted score of each indicator (Equation (1)).
Then the comprehensive management capacity score of the evaluated national parks is
obtained by weighting the management capacity score in each aspect (Equation (2)).

Sc =
m

∑
i=1

PiSi (1)

where Sc represents the management capacity score in one aspect, Pi represents the weight
of the i-th indicator in this criterion, and Si represents the management capacity score of
the i-th indicator in this criterion.

S =
j

∑
c=1

PjSjc (j = 5) (2)

where S represents the comprehensive management capacity score of the evaluated national
park, Pj represents the weight of the j-th criterion, and Sjc represents the j-th Sc.

Both the single and comprehensive management capacity of the national park can be
categorized into four grades of excellent, good, regular, and poor based on their scores (Table 3).
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Table 3. Grades of the management capacities of national parks.

Grade Excellent Good Regular Poor

Scores 90 ≤ S ≤ 100 75 ≤ S < 90 60 ≤ S < 75 S < 60
Source: reference [31].

To make better use of the BPB method, we suggest following the below procedures:
(1) defining the spatial and temporal scopes of the evaluation, (2) gathering background
data and information, (3) applying the evaluation method, (4) analyzing the evaluation
results, and (5) forming feedback to the park management.

• The first step is to identify the spatial and temporal scopes of the evaluation. The
spatial boundary of the evaluated national park needs to be clarified, which is usually
the entire area or a sub-zone. The time point of the evaluation needs to be determined,
which is usually a specific year. If the changes in the management capacity within a
certain period need to be evaluated, the baseline year and the evaluation year need to
be selected.

• The second step is to gather and organize background information and data for each
indicator, which is essential for preparing the evaluation and serves as a support for
the subsequent phase of analyzing the evaluation results.

• The third step is to apply the evaluation method. The application of the BPB method
needs such evaluation tools as questionnaires and scorecards, and the evaluation
results are obtained through statistics.

• The fourth step is to analyze the evaluation results and look for the reasons behind the
changes. This step helps to identify the reasons for high or low management capacity,
as well as why it is improving or deteriorating.

• The final step is to provide feedback to the national park management. The findings are
used to propose appropriate actions in order to enhance better management, including
additional rectification of management measures, and adjustments to management
priorities and resource allocation ratios.

2.2. Study Area

The Three-River-Source National Park (TNP) (89◦45′–102◦23′ E, 31◦39′–36◦12′ N) is
located in the southern part of Qinghai Province, China, and covers an area of 123,100 km2.
TNP serves as the source catchment area of the Yangtze River, Yellow River, and Lancang
River, so it consists of three zones: the Yangtze River Source Zone, the Yellow River Source
Zone, and the Lancang River Source Zone. The mountainous terrain in the park extends to an
average altitude of over 4500 m, and alpine meadows and alpine grasslands are the primary
ecosystem types [32]. TNP includes Zhiduo County, Qumalai County, Maduro County, Zaduo
County, and the Hoh Xil nature reserve, comprised of 12 townships and 53 administrative
villages (Figure 1). There are a total of 16,621 households and 64,000 residents in the park,
most of whom are Tibetan. The economic development within the park is backward, and the
industrial structure is single, primarily relying on traditional animal husbandry, with limited
employment and income generation channels. Thus, there is a great incongruity between
ecological conservation and economic development in the park.

In April 2016, TNP became China’s first national park pilot, and in October 2021, it
was formally certified as a national park. TNP became one of China’s most nationally
representative national parks by optimizing the conservation boundaries, coordinating the
conflicts between conservation and development, etc. To evaluate its management capacity
thoroughly, we define the entire area of TNP as the spatial boundary. We choose 2017 and
2021 as the baseline and evaluation years to quantify the changes in its management capacity.
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Figure 1. Location of the Three-River-Source National Park (TNP), China.

2.3. Data Collection

To collect background data and information, we conducted a field survey in TNP from
18 to 29 August 2018, and paid a return visit to the interviewees from 11 to 14 January 2022.
The survey route in 2018 passed through the whole area of TNP, beginning in Xining City
and continuing through Xinghai County, Mado County, Yushu City, and finally Zaduo
County. Along the survey route, we conducted key person interviews and organized
workshops with the staff of the TNP management authority, the three zone management
committees, and some ecological protection stations.

Through interviews, we got first-hand information about management measures in
management organization, the management team, scientific research support, community
organization construction, science popularization, and environmental education in 2017.
We also obtained statistical data, policy, and technical documents on management planning,
financial support, monitoring and early warning system, natural resources inventory, and
resident participation in 2017. In January 2022, we returned to the above interviewees
to update these data for 2021. Furthermore, we collected information on legal system
construction, ecosystem restoration, and environmental education between 2017 and 2021
by searching literature and websites. Based on the above process, we sorted out the major
management measures taken by TNP according to the management criteria (Table 4).

We completed “the MCE Questionnaire of TNP” by inviting managers of TNP, includ-
ing the staff from the National Park Authority, the management committees of three zones,
and the ecological protection stations. We also distributed the questionnaire to experts
who were engaged in soil and water restoration, ecological compensation and community
co-management of TNP for a long time. A total of 79 questionnaires were returned for this
research. Forty questionnaires were returned in 2018, of which, 30 were from managers
and ten were from experts. Thirty-nine questionnaires were returned in 2022, of which 28
were from managers and 11 were from experts. During the data processing phase, the score
for each indicator was calculated, with managers scoring 40% and experts scoring 60%.
TNP’s management capacity score of five aspects and comprehensive score were calculated
by weighting and adding the scores for each indicator.
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Table 4. Management measures adopted by TNP during the pilot period.

Criterion Management Measures

Institutional construction

The TNP management authority was established in 2016 with a four-tier management structure:
the management authority, the management committee of three zones, the management office, and
the ecological protection station.

The TNP management authority consists of ten departments with a staff number of 402 at the
initial, which increased to 409 in 2022.

A two-tier planning system was established, with an overall plan and several special plans.

Once officially certified, the TNP adjusted its boundary in a timely manner by including the
headwaters of the three rivers into the conservation scope.

Guarantee mechanism

The main funding source of TNP is the financial allocations at all levels. TNP also accepted several
financial and in-kind donations from enterprises and social organizations.

The regulations on the management of TNP promulgated by the Standing Committee of the
Qinghai Provincial People’s Congress became the primary basis for management.

The TNP management authority established the “Legal Research Association of TNP”, introduced
a legal advisor system, and formulated 13 management measures.

The National Park Police Headquarters was established, which is directly under the leadership of
the TNP management authority, to carry out the investigation and prosecution of natural
resources in national parks.

An exclusive research support team, the Research Institute of TNP, was established to cooperate
with renowned universities and research institutions at home and abroad to carry out scientific
research from multiple perspectives.

Natural resources and
environment management

The off-office auditing of natural resource assets of leading cadres of TNP was completed.

The investigation and publication of the region’s water, grassland, wetland, and forest resources in
the region were completed.

The integrated confirmation rights registration of water, forests, mountains, grasslands,
wastelands, and mudflats resources of TNP were completed.

Ecological protection works were implemented to achieve large-scale ecological restoration.

TNP continuously increased the strength of enforcement and community popularization, raising
the conservation awareness among community residents.

A “sky-ground-air” monitoring platform was established, and the number of monitoring points
was significantly increased.

Community management

TNP implemented a community eco-guard system, and improved the grant funding reward and
performance appraisal mechanisms.

A livestock insurance fund was established, and the accident compensation system
was implemented.

TNP carried out franchise management and drove herders to participate in ecological
experience work.

Popularization and education

TNP adopted three strategies of science popularization: designing and using image logos,
organizing various science popularization activities based on anniversaries and special festivals,
and creating and publishing diversified science popularization works.

TNP authorized Mado Yunxiang Nature Tours Company to carry out ecological experiences in the
Yellow River Zone. By managing visitors strictly and conducting a booking and assessment
mechanism, the ecological experiences achieved good results.

The TNP management authority conducted environmental education activities for the
community residents.
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3. Results

3.1. Analysis of Single Management Capacity

We applied the BPB method to evaluate the management capacity of TNP in 2017 and
2021, respectively. Table 5 shows the scores of each management capacity of TNP in the
two years.

Table 5. Scores of single management capacity of TNP in 2017 and 2021.

Criterion Indicator
Scores

2017 2021

Institutional construction
Management organization 69.52 92.62

Management team 76.38 84.30
Management planning 66.76 89.04

Guarantee mechanism

Financial support 71.87 85.06
Legal system construction 65.13 87.46
Scientific research support 75.81 83.82

Multi-stakeholder participation 62.52 77.64
Audit mechanism 69.14 89.42

Natural resources and
ecosystem management

Natural resources inventory 53.95 85.38
Natural resources confirmation

and registration 51.87 88.18

Ecosystem restoration 69.53 90.02
Monitoring and early warning system 66.33 73.36

Community management
Community organization construction 52.33 74.24

Resident participation 69.07 83.96
Ecological compensation scheme 69.67 76.62

Popularization and
education

Recreation management 53.43 64.22
Science popularization 68.52 89.58

Environmental education 66.33 77.30

From Table 5, we can see that the scores of each management capacity of TNP were
generally lower in 2017 compared with those in 2021. Among the 18 management capacities,
only the management team and scientific research support, scoring 76.38 and 75.81, reached
a good level; the four management capacities, namely natural resources confirmation and
registration, community organization construction, recreation management, and natural
resources inventory, were relatively poor, with scores of 51.87, 52.33, 53.43, and 53.95; and
the remaining 12 management capacities were at a regular level (Figure 2). This indicates
that the interviewees generally considered that the management capacities of TNP in
2017 were insufficient, and only the management teams and scientific research support
were satisfactory.

The scores of each management capacity of TNP were generally higher in 2021 than
those in 2017, with no management capacity performing poorly. Among the 18 man-
agement capacities, the management organization and ecosystem restoration reached an
excellent grade with scores of 92.62 and 90.02, respectively; the three management capac-
ities of recreation management, monitoring and early warning system, and community
organization construction were relatively weak, with scores of 64.22, 73.36 and 74.24; and
the remaining 13 management capacities were of a good grade (Figure 3). This suggests
that the interviewees were generally satisfied with the management capacities of TNP in
2021, especially for the management organization and ecosystem restoration, while they
considered the performance of recreation management, monitoring and early warning
system, and community organization construction slightly inferior.
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Figure 2. Grades of single management capacity of TNP in 2017.

 

Figure 3. Grades of single management capacity of TNP in 2021.

By comparing the single management capacity between 2017 and 2021, we can see
that all management capacities of TNP improved over the past four years. The most
significant improvement is found in the management capacity score of natural resources
confirmation and registration, which raised from 51.87 to 88.18, with an improvement
of 70.00%. The management capacities of natural resources inventory and community
organization construction also increased considerably. The management capacity score of
natural resources inventory improved from 53.95 in 2017 to 85.38 in 2021, with an increase of
58.26%. The management capacity score of community organization construction increased
from 52.33 in 2017 to 74.24 in 2021, showing an improvement of 41.87%. The scores
of the other four management capacities increased by more than 30%, which are legal
system construction (34.29%), management planning (33.37%), management organization
(33.23%), and science popularization (30.74%). A minor improvement is found in the
ecological compensation scheme, with the score increasing by 9.98%. Furthermore, three
management capacities increased by less than 15%, namely, the management team (10.37%),
scientific research support (10.57%), and monitoring and early warning system (10.60%).
This indicates that the interviewees felt that the management capacities of TNP improved
to different degrees in many aspects after four years of development. They considered
that the TNP significantly improved most of the management capabilities. In contrast,
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the improvement in the management capabilities of the ecological compensation scheme,
management team, scientific research support, and monitoring and early warning system
is slightly less noticeable.

3.2. Analysis of Comprehensive Management Capacity

By adding up the weighted score of each indicator, we obtained the scores of the man-
agement capacities of TNP in the five aspects, and further, we got the comprehensive score.
Table 6 shows the management capacity scores in different aspects and the comprehensive
management capacity scores of TNP in 2017 and 2021.

Table 6. Comprehensive management capacity scores of TNP in 2017 and 2021.

Institutional
Construction

Guarantee
Mechanism

Natural Resources and
Ecosystem Management

Community
Management

Popularization
and Education

Comprehensive
Management Capacity

2017 71.84 69.69 59.12 62.18 61.86 67.86
2021 88.29 84.79 84.40 77.74 74.95 84.96

The comprehensive management capacity score of TNP was 67.86 in 2017, which was
a regular grade. The scores of the management capacities in the aspects of institutional
construction, guarantee mechanism, natural resources and ecosystem management, com-
munity management, and popularization and education were 71.84, 69.69, 59.12, 62.18, and
61.86, respectively. The management capacities of TNP in the five aspects were relatively
balanced in 2017, of which the natural resources and ecosystem management got the lowest
score, but was close to the regular grade, and the other four were all at the regular grade.

The comprehensive management capacity score of TNP was 84.96 in 2021, ranking at
a good grade. The scores of the management capacities in the five aspects were 88.29, 84.79,
84.40, 77.74, and 74.95, respectively. The strengths and weaknesses in the management
capacities of TNP in 2021 were apparent. The institutional construction had the best
performance, scoring close to the excellent grade, while the capacity in popularization and
education was inferior, only ranking at the regular level.

By comparing the comprehensive management capacities between 2017 and 2021, we
can see that the management capacities of TNP in all five aspects enhanced significantly
over the past four years. The largest improvement is found in natural resources and
ecosystem management, with its score rising from 59.12 to 84.40, showing an increase
of 42.76%, and the grade rising from poor to good (Figure 4). The other four aspects all
increased by more than 20%, of which the institutional construction, guarantee mechanism
and community management increased from regular to good, and the popularization and
education also immediately reached the good level. Specifically, the capacity of community
management also improved over the past four years, with its score rising from 62.18 to
77.74, showing an increase of 25.02%. The score of institutional construction was the highest
in both years, which raised from 71.84 to 88.29, with an increase of 22.90%, indicating that
institutional construction plays a vital role in improving the management of TNP. The score
of the guarantee mechanism of TNP raised from 69.69 in 2017 to 84.79 in 2021, showing an
improvement of 21.67%. The score of popularization and education scores rose from 61.86
to 74.95, with an increase of 21.16%. As a result, the comprehensive management capacity
score of TNP increased by 25.20%, with the performance pulled up from a regular grade to
a good grade.
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Figure 4. Grades of the comprehensive management capacities of TNP in2017 and 2021.

4. Discussion

4.1. The Beneficial Experiences from TNP’s Management

All management capacities of TNP improved over the past four years. However, the
reasons behind these improvements vary. Analyzing the reasons behind these improve-
ments will help clarify the critical factors for increasing TNP’s management capacities and
thus provide management suggestions for other national parks.

Several management capacities achieved significant improvements, namely natural
resources inventory and natural resources confirmation and registration, with scores increas-
ing by 70.00% and 58.26%, respectively. This is highly due to the significant advancement
in relevant work, such as resource surveys, unified verification, and registration. During
the pilot period, the background situation of natural resources in TNP was thoroughly
investigated, and their rights were uniformly confirmed and registered. In addition, TNP’s
capacity in community organization construction improved greatly, showing an increase of
41.87% in the score. With the appearance of community inquiries and supervision cards,
residents gradually participated in the management of TNP, which may account for the
significant enhancement of this management capacity. The capacity of audit mechanism
also increased by 29.33%. This is mainly because of the completion of the off-office auditing
of natural resource assets of leading cadres. It is demonstrated that the orderly implementa-
tion of related work is a vital way to improve the management capacities of national parks,
especially in natural resources and ecosystem management.

Five management capacities increased to a certain degree because of the effective man-
agement measures taken by TNP. For example, the score of the legal system construction
increased by 34.29%. In the absence of high-level legislation for national parks in China,
such a marked improvement is partly due to the fact that a team of legal advisers provided
strong support for the development of the regulations of TNP; and it is partly because
an efficient and independent enforcement team ensured the implementation effectiveness
of the regulations [33]. The score of the management plan increased by 33.37%. After
analyzing relevant data and information, we argue that the reasons are multifaceted. Firstly,
the overall plan of TNP was effectively implemented after the standardized preparation,
validation, and approval, and it is now subject to third-party evaluation. Secondly, the
social feedback and supervision mechanism for the planning of TNP is greatly improved.
Thirdly, the sources of the three rivers were included after TNP was formally certified as a
national park, so the boundaries of TNP were perfected in ecological integrity. This laid the
foundation for more scientific and rational planning for TNP.
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TNP’s capacity in management organization greatly improved, with the score in-
creasing by 33.23%. This is mainly because the management authority of TNP integrated
related departments of the four counties within its boundary during the pilot period. The
bureau for eco-environment and natural resources management and the bureau for natural
resources and environmental enforcement were established in 2016 [34]. This realized the
unified and efficient law enforcement of natural resources and environment in TNP and
solved the problems of overlapped management, different standards, and cross functions
to a certain extent. The score of science popularization is also raised, showing an increase
of 30.74% in four years. There are three reasons for this: firstly, the image logo was put
into use, letting more people know about TNP; secondly, a series of popular science works
were created, spreading the values of TNP to the general public; and finally, a variety of
publicity activities were carried out for local communities, raising their awareness of con-
servation. The score of ecosystem restoration also increased largely, with an improvement
of 29.47%. Firstly, TNP already took measures to guide the behaviors of the residents,
which raised their awareness of environmental protection effectively and reduced the
ecological damage by residents fundamentally. Secondly, relying on large-scale ecosystem
restoration projects with adequate investment, the ecosystem restoration of TNP achieved
considerable progress.

4.2. The Deficiencies in TNP’s Management Compared with Best Practices

Some management capacities of TNP, such as ecological compensation scheme, man-
agement team, scientific research support, and monitoring and early warning system,
improved slightly in the past four years. The reasons are multifaceted. Exploring the
factors for the slight improvement of these capacities can provide reasonable suggestions
for improving TNP’s management strategies and measures.

The score of the management team ranked first in 2017, but the improvement was
only 10.37% over the past four years. The slight improvement was perhaps caused by
the minor change in the quantity or quality of the management team in those four years.
Firstly, the number of management staff did not increase significantly. Although TNP has
the largest number of staff among the ten national park pilots, the area managed by each
person in TNP is also the largest [35], which means that each person in TNP has more to
do in a given time. With the adjustment of the boundary, the total area of TNP expanded
by nearly half, so the workload of each person is even greater. Secondly, the number of
management staff who have professional skills in grassland protection, as well as flora
and fauna monitoring is still small. With the inclusion of river sources into TNP, more
issues concerning zoning and management are brought about, requiring more professional
teams to manage. To cope with the increased intensity and difficulty of management, we
suggest that TNP further strengthen the management team by increasing the number of
management staff and improving the quality of the professional team.

The score of scientific research support ranked second in 2017 while only increasing
10.57% during the past four years. As an area with the most concentrated plateau biodiver-
sity and the most sensitive and fragile ecosystem, TNP attracted many scholars to conduct
scientific research and produce fruitful scientific results. This is probably the reason why
this capacity was outstanding in 2017. During the past four years, TNP formed a special-
ized research institution, signed cooperative agreements with other research institutions,
actively participated in academic conferences and exchanged management practices with
other PAs. However, due to a lack of systematic organization, transformation, and applica-
tion of research results, these research practices are yet to fully exert the function of scientific
research support, only bringing a slight increase to the related management capacity. In
the future, TNP should strengthen the transformation and application of existing scientific
research results and improve the relevance and applicability of subsequent research results.

The management capacities in ecological compensation scheme and monitoring and
early warning system were under performing in both years. The score of ecological com-
pensation scheme showed the slightest improvement of 9.98% during the past four years.

98



Land 2022, 11, 1565

The eco-guard system is the main ecological compensation policy of TNP. With the num-
ber of eco-guards selected from communities expanded and the management mechanism
improved, the capacity in ecological compensation scheme improved to a certain degree.
However, two factors might limit the large improvement in this capacity Firstly, the range
of compensation is enormous, while the funding is still deficient. As an area with more
prominent ecological functions, TNP does not have much higher compensation standards
than other areas, which results in the low motivation of protectors. Secondly, the existing
compensation scheme is still imperfect [36]. The residents in TNP live in the upper reaches
of the three rivers, and make sacrifices for the downstream areas, but they are not com-
pensated by the downstream beneficiaries. To this end, we suggest that TNP seeks more
funds from society and the market besides transfer payments from the central government,
and establish a horizontal ecological compensation system for the watershed to solve the
relationship of upstream conservation and downstream development.

The score of monitoring and early warning system only increased 10.60% in the past
four years. Although the establishment of the Ecological Data Center improved the capacity
of TNP in monitoring environmental elements, wildlife distribution, and ecosystem disas-
ters, there are still several deficiencies in the management and utilization of monitoring
data when compared with the best practices. For example, the data from different sources
lack a unified storage and management mechanism, and the data are not fully shared with
the public. International experiences show that effective data management and utilization
are essential for national park monitoring. For example, all standards, background data,
and monitoring data in Canada are recorded in the Information Center on Ecosystems
Database [37]. In the U.S., the 32 networked eco-region units are required to regularly
publish a series of resource summaries, data summary briefs, technical reports, trend anal-
yses, and synthesis reports on the web [38]. Therefore, we suggest that TNP strengthen
the management of the Ecological Data Center, including enhancing the collection of data
from different sources, improving the organization and collation of data, and facilitating
the transformation and integration of data.

Furthermore, some capacities, though increasing greatly in scores, still need further
improvement. Take the capacity in community organization construction as an example.
Although its score has increased significantly in the past four years, the construction of
community organization still has gaps with the best practices, mainly due to the low
participation of community residents in national park management decisions. One good
practice comes from the Kakadu National Park and Parks Australia where the world’s first
community co-management agreement was signed in 1978 by residents. Since then, they
established a National Park Management Committee with shared decision-making pow-
ers [39]. Another good practice is found in the Republic of Macedonia, where community
residents became a more influential group in the management of national parks through the
involvement of NGOs in environmental protection, educational seminars, field trips, and
information dissemination [40]. Therefore, we suggest TNP increase the ways of residents’
participation in park management, adopt residents’ recommendations more fully, hold joint
meetings regularly, and make consultation widely when making management decisions.

4.3. Strengths, Weaknesses and Applicability of the BPB Method

The BPB method is tested and validated in this research, and its application in TNP
shows that the evaluation results can reflect the actual changes in management capacities.
For example, TNP is significantly improved in institutional construction and natural
resources and ecosystem management, and slightly improved in guarantee mechanism,
community management, and popularization and education on the whole. It provides a
rapid and accurate way for comprehensive management capacity evaluation of TNP and
visualizes the management states of TNP in the form of evaluation scores. It also shows the
management performance of TNP in the five aspects of institutional construction, guarantee
mechanism, natural resources and ecosystem management, community management,
and popularization and education. Applying the BPB method achieves a comprehensive
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diagnosis of TNP’s management capacities and identifies the gap between its management
status and the international best level. The comparison between the two years reflects the
changes in the management capacities of TNP directly. The comparison and analysis of the
evaluation results can help explain the reasons behind the changes and provide a reliable
basis for improving TNP’s management strategies. It is demonstrated that the BPB method
can reveal the changes in the management capacities of national parks well and reflect the
impact of various management measures on management capacities to a certain extent.

Compared to the existing MCE methods from international programs, the BPB method
has broader adaptability. This adaptability is reflected in the indicator system, scoring
method, and evaluation form. Firstly, the indicator system comes from a systematical
summary of national park management experiences in different countries, which is well-
rounded and applicable worldwide. In contrast, the indicator system proposed by The
Parks in Peril Program only covers four aspects: conservation action, long-term manage-
ment, financial support, and local guarantee, and lacks attention to conserving natural
resources and ecosystems. Secondly, the BPB method uses a benchmark approach to invite
interviewees to score each indicator, which improves the anchoring mechanism of the
evaluation. Finally, compared with the objective quantitative evaluation with a long period
and large resource input, the BPB method has a straightforward evaluation and a simple
results processing process, which has advantages in timeliness and low investment. In
addition, when applying this method to evaluate each indicator, we can compare the cur-
rent management states with international best practices and provide feedback on current
management measures to further improve management capacities.

The BPB method also has certain shortcomings. Firstly, this is a subjective evaluation
method that relies on participants’ judgment. Several studies suggest management evaluations
that rely on expert knowledge and qualitative judgment may be more accurate than those
relying on quantitative data or a mix of data types [41,42]. However, as the quantity and
precision of national park monitoring data improves, it will become a future demand to
explore accurate evaluation based on ecological monitoring results as evidence. Therefore, the
BPB method and the objective quantitative evaluation can be used jointly and complement
each other. Secondly, the evaluation indicator system is only two-leveled, which does not fully
reflect every aspect of the national park management. How to refine the evaluation indicator
system and measure the management capacity of national parks in an all-round way became
the focus of future research. It should be noted, when designing the indicator system and
setting the standards, we should consider the conservation needs and management objectives
of a specific type of PA, and then make adjustments accordingly.

5. Conclusions

This research follows the BPB method and selects TNP, China’s first national park
system pilot and one of the first batch of national parks, as the case study. By evaluating
the management capacity in 2017 and 2021 respectively, the changes in the management
capacity of TNP during the pilot period have been explored and the appropriateness of
related management measures has been revealed. Some management capacities, such as
legal system construction, management planning, and natural resources confirmation and
registration, performed well or improved significantly during the pilot period, providing
beneficial lessons for other national parks in China. Some management capacities, such as
ecological compensation scheme, monitoring and early warning system, and the manage-
ment team, are still lacking and should be prioritized for future improvement. The BPB
method is tested and validated in this research, showing a potential to be promoted to other
PAs in China and even other countries. Not only is the effectiveness and operability of this
method confirmed in this research, but its contribution to the theoretical improvement of
MCE methods is also demonstrated.
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Abstract: In a national park master plan, functional zoning plays a key role in developing differenti-
ated zoning controls that achieve multiple park construction objectives. In this study, a geographical
attribute code and basic zoning elements are developed for the proposed “Ailaoshan-Wuliangshan”
National Park, followed by the development of spatial multi-criteria sets and weight sets to determine
the suitability of the land. Next, we use a clustering algorithm and conflict unit prioritization to allo-
cate space for multi-target units to get the preliminary zoning schemes, and then identify stable units
and unstable units through sensitivity analysis. Ultimately, the functional zoning of the National Park
was determined. According to the results, the proposed “Ailaoshan-Wuliangshan” National Park can
be divided into nine types of 164 landscape units; the highest land suitability values of each zone
showed the traits of differentiation and aggregation in spatial distribution; there are 97 stable units
and 67 unstable units; approximately 62.83% and 37.17% of the total park area can be divided into
core conservation area (primary sensitive area and secondary sensitive area) and general control area
(ecological activity area and ecological control area). By implementing a comprehensive assessment
and decision-making process, the defined functional zones are precise and simple to recognize on
the ground, and they adhere to the area proportions needed by national standards. Furthermore,
the functional zoning is clustered, which avoids the fragmentation of the zoning results causing
difficulties in management, and serves as a point of reference for the functional zoning approaches
used in other proposed national parks in China.

Keywords: national park; functional zoning; landscape unit; multi-criteria decision analysis

1. Introduction

In 2019, China put forward a policy to establish a system of nature reserves with
national parks as the mainstay, and thus, the development of national parks in China has
entered a new period [1]. According to the latest standards for establishing national parks
in China, the main purpose of national parks is to protect natural ecosystems and to achieve
scientific conservation and rational use of natural resources [2]. Worldwide, zoning designs
are commonly used in order to balance conservation and development needs while making
sure that integrated service functions of national parks can be fully realized [3], but the
designs vary widely and have their own characteristics depending on the conflict between
conservation and exploitation. For example, the United States has adopted a traditional
zoning model with more refined sub-zones under each type of functional zoning to enhance
management [4]. Germany’s zoning plan embodies the idea of dynamic zoning [5]. New
Zealand’s national park zoning plan adopts a management zoning and special zoning
approach [6]. Japan’s national park zoning has a distinction between reflecting special areas
and general areas [7]. According to the current planning and zoning scheme of China’s
national parks, they are generally divided into two control zones based on the protection
level, core conservation areas and general control areas [8]. Some of the pilot national parks

Land 2022, 11, 1882. https://doi.org/10.3390/land11111882 https://www.mdpi.com/journal/land
103



Land 2022, 11, 1882

will, on the basis of the above-mentioned control zones, also carry more specific functional
zones on the basis of the division of core areas, buffer areas, and experimental areas of the
original types of protected areas [9].

Since 1983, foreign countries have put forward the concept of zoning and ideas and
some basic principles and steps for the functional zoning of national parks. With the rapid
development of national parks, the combination of qualitative and quantitative research
on the functional zoning of national parks is becoming increasingly closer. Scholars from
many countries have explored the construction of functional zoning evaluation index
systems from both natural and social perspectives, such as ecological conservation perspec-
tive, Recreation Opportunity Spectrum (ROS), ecosystem health evaluation, stakeholder
perspective, resource type or landscape type perspective, and animal behavior [10–15],
and a variety of quantitative methods have been used for development planning and
management implementation plans for national parks, including GAP analysis, landscape
suitability assessment, spatial overlay, multivariate analysis, habitat distribution models,
and condition value assessment methods [16–23]. The relevant functional zoning methods
in China are currently diversified, but there are problems such as vague method descrip-
tions, often unclear methods for graded zoning, and a lack of intuitive and operable zoning
methods [24]. It is not conducive to the implementation of refined zoning controls. Thus, it
is imperative to strengthen research on zoning methods for national parks.

Decisions about the functional zoning of national parks require the assessment of
multiple land attributes against multiple objectives, which are inherently conflicting. In
DSS (decision support systems), MCDA (Multi-Criteria Decision Analysis) is a method
of comparing alternative courses of action based on multiple factors and identifying the
most optimal path forward [25,26]. These methods employed include structuring decision
problems, performing sensitivity analyses, increasing transparency, and enhancing the
visual representation of results [27]. By using a multi-criteria decision analysis process,
alternatives can be compared based on a set of clear criteria addressing the most relevant
factors. Geneletti and Duren (2008) used MCDA for land suitability evaluation and com-
pleted an optimal adjustment of natural park zoning schemes through cluster analysis [22].
Randal et al. (2010) used MCDAS (a custom software application integrating GIS and
MCDA) for management planning studies in forest landscapes [28]. Bereket et al. (2016)
combined MCDA with GIS and developed a spatial zoning method for multipurpose
marine protected areas through stakeholder consultation [29]. All of these studies men-
tioned above need to address the question of how to achieve optimal decision making
in the context of spatial planning, with multiple objectives. As Linkov et al. argue [27],
Multi-criteria decision analysis is well suited to participatory settings involving different
objectives and different stakeholders. Therefore, this method is highly beneficial when
applied to spatial planning.

In this study, MCDA is combined with GIS and applied for hierarchical functional
zoning, using the proposed “Ailaoshan-Wuliangshan” National Park (AWNP) as an exam-
ple. These areas cover a wide range of potentially conflicting conservation or identification
targets with complex relationships. In the methods section, we explain the method of
identifying landscape units and how to build up a set of evaluation criteria and combine
them with stability tests to complete the assignment of landscape units. In the results
section, we show the final scheme of the first-level zone and second-level zoning, reflecting
the concept of refined and differentiated hierarchical zoning, alleviating related conflict
issues and better balancing nature conservation and regional development. It is hoped
that this will provide a reference for other national parks, especially those with a relatively
fragmented spatial distribution, in terms of functional zoning methods.

2. Materials and Methods

2.1. Study Area

The proposed “Ailaoshan-Wuliangshan” National Park (AWNP) is located in the cen-
tral part of Yunnan Province, which is the southern extension of the Hengduan Mountains
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and is in the area where four states (cities), namely Pu’er City, Yuxi City, Chuxiong Yi
Autonomous Prefecture and Dali Bai Autonomous Prefecture, are connected. It is based on
the results of the Yunnan Provincial Nature Reserve Consolidation and Optimization Plan
carried out in 2020, which covers two national nature reserves, namely the Ailao Mountain
National Nature Reserve and the Wuliang Mountain National Nature Reserve, as well as a
number of provincial reserves and nature parks. From 2020 to 2022, the Yunnan Provincial
Government commissioned the Kunming Branch of the Chinese Academy of Sciences and
other institutions to conduct several scientific investigations and feasibility studies on the
proposed AWNP, and completed the project declaration. The proposed AWNP’s spatial
distribution, unlike many national parks, tends to be linear and more fragmented, covering
1537.33 km2 in total. Ailaoshan, Wuliangshan, and Konglonghe are the three areas of the
park, while an ecological corridor links Ailaoshan with Wuliangshan (Figure 1).

 
Figure 1. The study area location.

The proposed AWNP is rich in natural resources and is an invaluable corridor for
tropical to temperate transitions, species migration and gene exchange in mainland Asia. It
is one of eight migratory routes for migratory birds worldwide. This area is characterized
by a high diversity of species, including 12 species of national class I protected animals,
represented by the eastern black crested gibbon (Nomascus nasutus). It is also the main
distribution area for eastern black crested gibbons in the world, holding over 90% of the
extant population. There are also four national Class I protected plants in the proposed
AWNP, and the forest preserves the largest area of montane evergreen broad-leaved forest
in the subtropical region of China. The proposed AWNP region is rich in cultural resources,
such as the Ancient Tea Horse Road, where the long-standing tea culture contributed to
the economic development and cultural exchanges in ancient China. When the boundaries
of the proposed national park were delineated, the villages in the area were divided on
the periphery of the boundary, where ethnic groups such as the Yi, Hani and Yao live,
creating a diverse ethnic culture. The proposed AWNP is, therefore, of great conservation
and research value.
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2.2. Data Sources and Processing

The data collected in this study mainly includes geographic information data, remote
sensing image data and related textual information, as follows: land-use vector data (from
the Second National Land Survey), soil-type vector data (from the World Soil Database,
HWSD), vegetation cover-type vector data (from the Yunnan Provincial Forest Resources
Class II Survey), and endangered animal habitat-range vector data (provided by the South-
west Forestry University team) within the proposed AWNP and its surrounding areas.
Satellite imagery, DEM grid data, and vector data such as water system waters, settle-
ments, tourist attractions, roads, traffic service points, and leisure and recreation points are
downloaded through Bigemap GIS Office software. The vector boundary of the proposed
national park is provided by the Kunming Branch of the Chinese Academy of Sciences.
The textual material, including the AWNP construction proposal and other related drafts,
was provided by the Yunnan Forestry Research and Planning Institute and the Southwest
Forestry University team. The existing data was subsequently updated through the local
Forestry and Grassland Bureau in collaboration with the Natural Resources Bureau and
in conjunction with field research. In order to keep the relevant raster data consistent, all
raster data was resampled to an image size of 30 m × 30 m for subsequent analysis.

2.3. Methods

We defined three zones for the analysis process in order to simplify the subsequent
process and determine the final scheme: Zone A (core conservation areas), Zone B1 (ecolog-
ical activity areas), and Zone B2 (ecological control areas), which are based on the Chinese
“two-zone system” (core protection zone and general control zone). Specifically, Zone
A is a first-level zone, which, in the final scheme, will be specifically divided into two
second-level zones, primary sensitive areas and secondary sensitive areas. On the other
hand, the B1 and B2 zones are secondary subzones under the general control zone. This is
due to the more complex and multi-purpose nature of the general control area. By doing
so, the secondary zoning plan for the general control zone can be made more accurate.

The methodology of this thesis consists of five stages (Figure 2). Firstly, the proposed
AWNP area is divided into landscape units of the same nature. In phase two, a spatial
multi-criteria analysis was carried out to complete the land suitability evaluation of the
park. In the third phase, the spatial multi-target unit allocation is carried out, the conflicting
units are identified and redistributed, and the preliminary partition results are generated.
In the fourth stage, the stable and unstable units are identified through sensitivity analysis
tests. Finally, the allocation of unstable units is completed and the first-level zoning and
the second-level zoning are finalized.

2.3.1. Landscape Unit Delineation

Typically, a landscape unit (land unit) is defined as an area with similar geographical
characteristics [30], such as topography, land use type, soil type, etc. As a parcel of land
within a small and homogeneous geographical scale, rather than based on administrative
or land-use boundaries. Consequently, landscape units of the same type were used as the
basic zoning elements for this study.

Firstly, the four raster data of slope classification, elevation classification, land-use
type and soil type were overlaid and processed using ArcGIS and ENVI to update the
attribute codes (Table 1). A preliminary raster map of landscape units with both natural
and socio-economic attributes was generated, comprising a total of 15,057 landscape units
of 113 types. With too many landscape units the zoning results may be too fragmented,
making the zoning scheme unreasonable and difficult to manage [31]. Therefore, we
combine landscape units smaller than 100 hectares with the most similar neighboring units.
This is supplemented by visual interpretation of remote sensing images to check and correct
the boundaries of the landscape units. Ultimately, the proposed AWNP was divided into
nine types of landscape units totaling 164 (Figure 3).
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Table 1. Landscape unit attribute coding.

Data Type Classification Code Data Types Classification Code

Altitude

537–1312 m 1

Slope

3–10% 1
1312–1912 m 2 10–25% 2
1912–2337 m 3 25–50% 3
2337–2628 m 4 50–100% 4
2628–3348 m 5

Land use
type

Arboreal forest 01

Soil

LVg 01 Construction land 02
LVk 02 Cultivated land 03
LVj 03 Temporary land use 04
PZg 04 Immature forest land 05
PDd 05 Water area 06
CMd 06 Shrub land 07

GLe 07 Barren hills and
wasteland 08

CMx 08 Unused land 09
CMc 09 Harvested land 10
LVh 10 Open woodland 11
GLu 11

Notes: 110101: Indicates tree woodland of type 537 m–1312 m above sea level, with a slope of 3–10% (gently
sloping land) and a soil type LVg. Altitude classification: Divided into 5 levels according to the natural breakpoint
method. Soil classification: The soil classification system used is FAO-90.

 

Figure 2. The technical flowchart of this study.
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Figure 3. Landscape unit map for the proposed AWNP.

2.3.2. Spatial Multi-Criteria Analysis

To evaluate the relevance of different landscape units to different functional zones,
two types of criteria, biotic and abiotic, need to be developed [32]. As Zone A is dominated
by strict protection, the assessment of this zone is only relevant to ecological protection. As
for Zone B1, it is dominated by landscape resources and distinguishes between agricultural
landscapes with tourism value and areas within the proposed AWNP that are adjacent to
tourist attractions. Unlike Zone B1, Zone B2 uses artificial facilities that have the greatest
human impact for assessment. It focuses on the areas with the greatest human impact and
requiring controlled restoration. To assess land suitability in each of the different zoning
districts, three criteria were identified through consultation with experts (Table 2). Then,
MCDA is used to group these criteria into suitability indices, which are assigned to each
mapping unit for subsequent spatial multi-criteria analysis. We convert the suitability
index from its original unit to a uniform and ordered value scale, scoring the criteria in
descending order (1 to 5) [33], a step known as standardization [32]. In this process, the
habitat index in Area A was graded according to the type of vegetation cover. As eastern
black crested gibbons and other national Class I protected animals in the proposed AWNP
area mainly inhabit evergreen broad-leaved forests, the evergreen broad-leaved forests were
rated the highest suitability index (5 points), and other vegetation cover types were graded
in descending order according to their biodiversity conservation value. The Agricultural
Landscape Index for Zone B1, on the other hand, uses the current state of land use as the
basis for grading. Terraces are rated highest in this index. Other land types are ranked in
order of suitability, from largest to smallest, according to the degree of impact of human
activity. Except for the two standard indices above, the rest are converted into Euclidean
distance rasters based on the vector data they belong to, and their scores are inversely
proportional to their distance from vector points or surfaces [34].

The Analytic Hierarchy Process (AHP) combined with the Experts Grading Method
was used for weight evaluation [14]. Given that experts from different research directions
may have different opinions on the importance of each criterion, three different sets of
weights were determined for each group of criteria (Table 2). We conducted nine more spa-
tial multi-criteria analyses by weighted sums since ecological conservation is the primary
goal of national parks, and the core conservation area (Zone A) must be larger than 50% of
the total park area [36]. By comparing the results generated by different weight sets and
referring to relevant norms and expert opinions, weight set 1 was used for Area A, weight
set 2 was used for Zone B1, and weight set 3 was used for Zone B2. In Zone B2, weight
set 3 was selected (the proposed AWNP is intersected by a number of roads and has the
greatest impact, while the other two criteria are primarily located on the periphery of the
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AWNP). Based on these weight sets, maps of land suitability for AWNP in zones A, B1, and
B2 were determined (Figure 4).

Table 2. Criterion sets and weight sets.

Criterion Sets Zone A Zone B1 Zone B2

VT HEA RWS ATA VAL AL TSF RF R
weight sets 1 0.4 0.4 0.2 0.4 0.4 0.2 0.4 0.4 0.2
weight sets 2 0.333 0.333 0.333 0.333 0.333 0.333 0.333 0.333 0.333
weight sets 3 0.275 0.275 0.450 0.275 0.275 0.450 0.275 0.275 0.450

Notes: VT = Vegetation type (Evergreen broad-leaved forest is 5 points, deciduous broad-leaved forest and
bamboo forest are 4 points, warm coniferous forest is 3 points, shrub is 2 points, and non-woodland is 1 point).
HEA = Habitat for endangered animals (Available habitat extent data are dominated by potential habitat and
are subject to further research). RWS = River water sources. ATA = Available tourist attractions. VAL = Village
architectural landscape (Mainly located on the periphery of the proposed AWNP boundary, only 2 villages are
located within the park). AL = Agricultural landscape (5 points for arable land (terraces), 4 points for planted
forest, 3 points for building land, and 1 point for other natural forest). TSF = traffic services facilities (Mainly
located on the periphery of the proposed AWNP boundary). RF = Recreational facilities (All located on the
periphery of the proposed AWNP boundary). R = Roads (According to the relevant specification [35], a straight
line distance of 1 km on both sides of the road is converted by ArcGIS into an equidistant raster).

 

Figure 4. Land suitability maps for Zones A, B1, and B2.

In order to aggregate each of the three land suitability raster data into landscape units,
we used ArcGIS to generate a fishing net and calculated the average value of land suitability
in each landscape unit to obtain land suitability maps for all landscape units in Zone A,
B1, and B2 (Figure 5). Subsequently, we calculated the average between the top 50% and
the top 30% of all fishnet sites in each cell separately, in preparation for the subsequent
execution of the sensitivity analysis [22].

2.3.3. Spatial Multi-Target Units Allocation

Considering that the proposed AWNP is a fragmented spatial distribution, we use
k-means++ for the multi-target unit’s allocation. It allows for a greater concentration of
similar landscape units at spatial distances [37]. Firstly, the suitability atlas was obtained by
applying the average of all fishing net points in each landscape unit. The average between
the top 50% and the average between the top 30% were used as input elements. This was
followed by a comparison of the results of the selection of the three functional divisions.
When landscape units are selected for only one functional partition, they are assigned
directly to that partition, while units selected for two or three functional partitions and
units not selected by any partition are noted as “conflicting units” [22]. Through the above
process, three sets of conflicting analyses of landscape unit allocations based on different
mean values were completed (Figure 6).
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Figure 5. Landscape unit suitability maps for Zones A, B1, and B2.

 

Figure 6. Landscape unit assignment conflict analysis (01, average; 02, average among best 50% cells;
03, average among best 30% cells).

Due to the fact that the land suitability maps, to which the three sub-areas belong, are
based on different criteria, it is not possible to directly compare their base suitability values.
Thus, by converting the base suitable values for each landscape unit to ordinal suitable
values, they are made comparable. Since ecological conservation is the primary objective
of the National Park, there is a need to balance the cultural and historical landscape
with regional development coordination. Therefore, in the priority ranking, Area A has
priority over Areas B1 and B2, and Area B1 has priority over Area B2. The allocation of all
conflicting units is accomplished by successively meeting the needs of the higher objectives
and then removing the needs of all remaining objectives [38]. After that, we obtained three
preliminary zoning schemes (Figure 7).

By comparing the three zoning schemes, the sensitivity analysis of all landscape units
was carried out, and it was found that the stable and unstable units, that is, landscape units
that were not affected by the polymerization method at the time of partition distribution,
participated in the landscape units of the zoning to which the polymerization method
changed. As the protection of endangered wildlife is one of the most important objectives
of the proposed AWNP, in order to determine the final zoning scheme, the unstable units
containing the landscape units selected for Zone A were first overlaid with the potential
habitat areas of endangered animals represented by the eastern black crested gibbon,
and subsequently, the landscape units containing the intersecting parts of the two were
assigned to Zone A, while the other unstable units were assigned to Zones B1 and B2,
thus, completing the primary functional zoning. The stable units that each zoning district
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belongs to, since they are not sensitive to changes in aggregation methods, are considered
the areas that best meet the criteria for that zoning district. Therefore, the stable units
in Zone A are classified as primary sensitive areas. The areas that were formerly part of
the conflict units and allocated to Zone A are classified as secondary sensitive areas. In
contrast, the conversion of the original cardinal suitability values of the landscape units
to ordinal suitability values has the greatest impact on zone B2, as the suitability map for
this zone is generated using vector lines (roads) with vector points (surrounding villages
and transport facilities) as standard elements. Within the proposed AWNP, the zone has
a suitability value of mostly 0, with higher values concentrated in a few narrow-banded
areas. Consequently, the values become smooth when aggregated to the landscape unit
to which the overall suitability mean is applied. However, they become prominent when
the other two aggregation methods are applied. In view of these characteristics, this study
overlays the unstable units assigned to the general control area with the suitability map
belonging to zone B2, and within each unstable unit, when the suitability value ≥ 0.5 and
accounts for more than 50% of the area of the unit, the unit is classified as an ecological
control area (zone B2), and when the standard is not met, it is classified as an ecological
activity area (zone B1). By calculating, the remaining unstable unit allocation is completed
and the secondary functional division is determined (Figure 8).

 

Figure 7. Comparison of preliminary zoning schemes (01, average; 02, average among best 50% cells;
03, average among best 30% cells).

 

Figure 8. 01, Sensitivity analysis test; 02, First-level functional zoning; 03, Second-level functional zoning.

3. Results and Analysis

3.1. Characterization of Landscape Units

In the Wuliangshan area, located in the western part of the proposed AWNP, the
number of landscape units subdivided is small, and the units are large and relatively
intact, except in the northwestern part. The northern part of the Wuliang Mountains is a
narrower, taller section of the entire Wuliang Mountains and has a more complex ecological
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environment. The canyon is part of a juxtaposition formed by the recent uplift of the
mountains, disintegration of the plateau, and deep river cuts. In the other two areas, the
number of landscape units is larger. The fragmented distribution of landscape units is most
evident in the northern and southeastern parts of the Ailaoshan area and the central part
of the Konglonghe area. The north of Ailao Mountain is narrow and tight, the ground is
rugged, and the elevation is very different, and the southeast is a beaded landscape of
gorges and basins. In the middle of the Konglonghe area, there are river valleys surrounded
by high mountains, and multiple river terraces are visible (Figure 3).

3.2. Distribution Characteristics of Different Suitability Values

The highest land suitability values in Zone A are mainly found in the southeastern part
of the Wuliangshan area, the north-central part of the Ailaoshan area and the southeastern
part of the area. The first area is 1900–2700 m above sea level and the main vegetation
type is broad-leaved evergreen forest. The second and third areas are at an altitude of
2200–3000 m. The vegetation type is mainly broad-leaved evergreen forests with warm
coniferous forests, bamboo forests and shrubs. Most of these three areas overlap with
endangered animal habitats. The highest land suitability values in Zone B1 are mainly
found in the central and northwestern part of the Wuliangshan area, in the larger area in
the central part of the Ailaoshan area and in the smaller area scattered in the northern and
southeastern part of the Ailaoshan area and in the southeastern part of the Konglonghe
area. These areas contain tourist attractions and are adjacent to villages, with some areas
interspersed with complex site types. Despite the fact that land suitability values for Zone
B2 were generated from linear and point vector data, three areas stand out as being of
high suitability. They are located in a narrow area in the northern part of the Wuliangshan
area and in the southeastern and northwestern parts of the Ailaoshan area adjacent to the
ecological corridor. These areas have higher-level roads that pass through them and are
near traffic service facilities (Figure 4).

The land suitability maps for all landscape units in Zones A, B1, and B2 provide a
more visual and comprehensive comparison of the distribution of suitability values for
different criteria within the proposed AWNP (Figure 5).

3.3. Zoning Assessment

By comparing the landscape unit allocation conflict analysis diagram (Figure 6), Zone
B2 are most significantly affected after allocation using different suitability averages, as
the suitability values for Zone B2 are generated from linear and point vector data. These
values are smoothed out when the overall mean is applied to the landscape cells, but they
become prominent when other methods are applied [22]. As a result, the distribution
of conflict and non-conflict units has changed more significantly as a whole. When the
overall average is applied, the conflict cells cover 71.68% of the area within the proposed
AWNP. However, when the top 50% average and top 30% average are applied, the conflict
cells cover 35.97% and 55.94% of the area within the proposed AWNP, respectively. The
landscape units more consistently allocated to Area A are mainly located in the southeastern
part of the Wuliangshan area and the southeastern part of the Ailaoshan area, while only
small scattered landscape units are consistently allocated to Zones B1 and B2. The units
that have not been selected by any of the sub-regions and are more stable are concentrated
in two areas in the southeastern part of the Ailaoshan area. The area to the north is in the
range of 1950–3348 m above sea level, making a very big difference in height, including the
highest mountain peak in the Ailaoshan area. These two areas are far from water sources,
have less overlap with potential habitats for endangered animals, and are far enough away
from villages and tourist attractions that no roads cross them.

Comparing the three preliminary zoning scenarios for completing the allocation of
conflict units (Figure 7), the portion of the stable allocation to Zone A, in addition to the
two areas mentioned previously, is the southern part of the Konglonghe area. Most of the
area is a low mountain valley between 537–1660 m above sea level, the lowest elevation
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in the proposed AWNP, and overall, part of the Dry-hot Valley adjacent to the Red River
system. Due to the steep topography and dryness, the area is ecologically fragile with
short channels, sparse water flow, and significant seasonal changes. The portion of the
stable allocation to Zone B1 and Zone B2, with the exception of the south-central part of
the Ailaoshan area, is the higher suitability value to which Zone B1 and Zone B2 each
belong. Due to the small number of rural roads and science stations distributed in the
south-central part of the Mourned Mountains area, the suitability values for Zone B2 are
more prominently ranked when they are aggregated into larger landscape units, and are,
therefore, consistently assigned to Zone B2.

Comparing the stable and unstable units, the stable units cover 41.24% of the proposed
AWNP. In contrast, the unstable units fluctuating between zones A, B1, and B2 cover
23.29% of the park. These units are mainly located in the central part of the Wuliangshan
area, the southeastern part of the Ailao Mountain area and the northwestern part of the
Konglonghe area. These areas are where both potential habitats for endangered animals
and tourist attractions are located. The vegetation type is mainly evergreen broad-leaved
forest, adjacent to villages and roads. A total of 15% of the park consists of unstable units
that fluctuate between zones A and B1. They are mainly located in the southeastern part
of the Wuliangshan area, the central part of the Ailaoshan area, and the Konglonghe area.
Most of these units are adjacent to rivers or water sources, as well as villages and contain a
variety of land types. The unstable units fluctuating between zones A and B2 cover 17.24%
of the AWNP, and they are mainly located in the south-central and northern parts of the
Ailaoshan area, as well as in the northern scattered units of the Konglonghe area. There is a
high ecological value to these units, but they are located closer to the road. Finally, only
three units fluctuate between zones B1 and B2, which cover 3.23% of the park, the largest of
which is located in the northwestern part of the Wulianghshan area, adjacent to the village
and containing tourist attractions, but also with roads distributed about the periphery of
the unit (Figure 8).

According to the final zoning results (Figure 8), the first-level zoning includes the Core
Protection Zone and the General Control Zone. The core conservation area (Zone A) covers
an area of 965.83 km2 (62.83%) and the general control area (Zones B1 and B2) covers an area
of 571.50 km2 (37.17%). The core conservation area is divided into two subzones, namely
the primary sensitive area and secondary sensitive area, based on ecological sensitivity and
conservation priority. The general control area is divided into an ecological activity area
(Zone B1) and an ecological control area (Zone B2). Within the core conservation area, the
primary sensitive area covers 364.03 km2, accounting for 37.71% of the core conservation
area, and the secondary sensitive area covers 601.80 km2, accounting for 62.29% of the
core conservation area. Within the general control area, the ecological activity area covers
384.27 km2, accounting for 67.24% of the general control area, and the ecological control
area covers 187.23 km2, accounting for 32.76% of the general control area.

4. Discussion

4.1. Scientific and Innovative

Taken as a whole, although the decision analysis process in this study is cumbersome,
it is composed of a rigorous and orderly set of steps. It is possible to check and supplement
the various data layers at any time, as well as to update the settings of the different
criteria and targets. In addition, it is possible to carry out comparative analyses using
the corresponding indicators and the different weights assigned to them. These findings
confirm the assertions of Zhang et al. (2013) that this zoning method offers full flexibility
and transparency [39]. From the initial analysis, the basic zoning elements of this study
are landscape units with homogeneity, and the landscape units that complete the post-
classification treatment are sufficiently large and representative of the overall national park
space [30]. In contrast, if only grid cells are used for subsequent zoning studies, not only
is the shape single and the area fixed, but also the boundaries of the cells are not easily
and accurately identified on the ground, resulting in a final zoning scheme that is not
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suitable for practical application. In terms of intermediate processes, multi-criteria analysis
and multi-objective allocation combined with sensitivity analysis tests show which areas
are stable in the allocation process and which units need further study. It is also useful
for national park managers to take a more comprehensive look at the impact of different
criteria and prioritization on zoning outcomes. This will enable them to decide whether
more information and data need to be collected on certain aspects. Geneletti and Duren’s
(2008) approach to zoning natural parks [22], while not suggesting how to determine the
final zoning scheme, has helped us to understand the use of MCDA in conjunction with
land suitability assessment and cluster analysis. We build on this approach and further
propose how to determine the final zoning scheme and achieve a hierarchical zoning
method. According to the final zoning scheme, both primary zoning schemes conform to
the national norm of “two zones” [36] and secondary zoning schemes based on primary
zoning, which fully take into account the multi-functional nature of national parks [1] and
better balance the relationship between conservation and development.

4.2. Limitations and Future Research

From the analysis process and data: Firstly, the delineation of landscape units is
based on natural and landscape features [30]. As the criteria and suitability indices are
mainly determined by natural and landscape factors, it is reasonable to combine the
suitability indices of zones A and B1 into these landscape units, while this may not be
accurate and reasonable for zone B2, where the criteria and suitability indices are mainly
determined by other factors. Thus, this point still needs further research. Secondly, for a
more accurate land suitability assessment, existing data needs to be supplemented and
updated, especially more comprehensive and precise data on the distribution of endangered
species. Additionally, data such as pedestrian volume in the proposed AWNP area and the
carrying capacity of the tourism infrastructure need to be collected and calculated and taken
into account [40]. Furthermore, with regard to the allocation of conflict and unstable units,
there is a need for further field research and the collection of various types of data from the
relevant regions to complete the allocation of these units in a more scientific manner.

From the evaluation indicator system and zoning results: This study uses a mechanical
method that emphasizes quantification, but national parks are not only natural spaces.
If, as Hidle (2019) argues, only the state’s interest in managing and controlling natural
parks is considered at the expense of local stakeholders [41]. Then, there is a loss for both
the park and the people, which can affect the subsequent balance of conservation and
development objectives, especially for such ribbon and dispersed national parks, to the
detriment of adjacent communities and visitors coming to experience the resources of the
different geographical locations. Thus, as Eugenio et al. (2022) argue, the management of
natural spaces cannot be considered a separate issue [42]. Although indicators related to
social factors were used in this study, more social factors need to be included in other ways
for the study of zoning methods. The system of evaluation indicators is supplemented by
social surveys, for example, to increase the applicability of this method and make it more
in line with the reality of the social-ecological system. In addition, we should combine
the ROS theory with Manning’s Managing Outdoor Recreation strategies and practices
framework [43], and add secondary zoning, such as management service areas, to improve
the ease of use, generalizability, and more comprehensive and rational achievement of
zoning control in this study.

From the proposed ecological corridor: Within the ecological corridor that connects
the Ailaoshan area with the Wuliangshan area, some areas of the ecological corridor are
exposed to human disturbance due to the distribution of settlements and roads. Human
disturbance may damage the restoration of potential ecological corridors [3]. Therefore,
additional ecological corridors should be created at key locations that impede wildlife
migration. This is an issue that cannot be ignored by national park authorities and still
requires further research to address.
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5. Conclusions

This study proposes a hierarchical zoning approach to explore how national parks can
achieve finer and more differentiated zoning control and better balance conservation and
development. This multi-use zoning approach takes into account the characteristics and
conservation needs of different natural ecosystems, as well as the needs of society for the
use of national park resources. We have improved and enhanced the zoning methodology
of Geneletti and Duren (2008) [22] to further suggest how to determine the final zoning
scheme and achieve hierarchical functional zoning. It provides a theoretical reference and
methodological complement to the study of national park zoning methods. In addition, if
extended to the area surrounding the park, the land suitability analysis and multi-target
land allocation can be used to support the optimal adjustment of national park boundaries.

This method allows national park authorities and other stakeholders to understand
the process of grading zones in a clear and transparent way. It is robust and flexible, and it
is relatively easy to re-plan functional zoning even if new relevant policies are introduced
in the future or the evaluation of the importance of a factor is changed. Sensitivity analysis
helps managers, stakeholders, and the public to anticipate how well nature conservation,
community development, and construction objectives will be implemented under different
zoning scenarios, which avoids confusion in the communication process and helps park
authorities to determine whether more data needs to be collected on certain aspects. In fact,
according to our finalized first-level zone and second-level zoning scheme, it can provide a
reference for the management agencies to develop zoning control measures. For example,
in primary and secondary sensitive areas, different degrees of strict protection measures
are implemented; in ecological activity areas, routes and designated areas are planned for
ecological experience and science education activities; in ecological control areas, ecological
restoration and ecological transformation of facilities are implemented [44,45].

Nevertheless, there is room for improvement in this study, as the data currently
available is limited and there are some subjective assumptions in the planning of the
zoning process. We also need to consider more social factors. In conclusion, the zoning
method in this paper is able to combine theory with practice and hopefully contribute to
the establishment of a nature reserve system with Chinese characteristics, with national
parks as the mainstay.
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Abstract: Global urbanisation has accelerated in recent years, especially in rapidly growing coastal
cities, and the destruction of habitat and natural resources has intensified. Although much attention
has been paid to the study of habitat quality, there are still gaps in our understanding of the factors
that influence it and their interactions. In this study, the InVEST habitat quality evaluation model
and the GeoDetector model were used to construct a framework for analysing the dynamic changes
in habitat quality and their influencing factors from 1992 to 2015. Wenzhou City, Zhejiang Province,
China, was selected as the study area. The new framework extends studies on habitat quality change
to annual analysis and reduces the lag between the actual change and the mapping time. The
interactions between natural and anthropogenic factors are explored, and the effects of different types
of land use conversion on habitat quality are further discussed. The results show that: (1) During the
study period, cultivated and construction land areas in Wenzhou City increased the most, and forest
land area decreased the most. (2) Habitat quality in Wenzhou City was generally good during the
study period, but it showed a declining trend from year to year, and the distribution of habitat quality
decreased from west to east. (3) The interactions between land use change and annual precipitation
change and those between land use change and population density change have the most significant
impact on habitat quality. The conversion of forest land to cultivated land, conversion of water area
to cultivated land, and conversion of forest land to building land have the greatest impact on habitat
quality. The results of the study can provide recommendations for ecological restoration, optimal
integration of protected areas, and provide a reference for the healthy and sustainable development
of coastal regions.

Keywords: habitat degradation; LUCC; driving force; GeoDetector model; coastal city

1. Introduction

Coastal cities represent intersections between land and sea, and are characterised
by their special geographical location, differential natural resources, and good economic
foundations [1]. Land reclamation and urbanisation can have a significant impact on coastal
ecological health in terms of issues such as habitats for plant and animal communities, and
changes in soil properties [2]. Habitat quality refers to the provision of a suitable living
environment for individuals or populations in an ecosystem [3] and reflects the biodiversity
to a certain extent [4]. High quality of habitat is the basis of ecosystem services, providing
humans with significant economic benefits and cultural values [5]. However, according
to the Global Assessment of Biodiversity and Ecosystem Services, one million of the eight
million species found globally are now threatened by extinction due to human activities [6].
Comparing with inland cities, the habitat quality of coastal cities faced more pressure from
urban development and climate change [7,8] Assessment of the spatiotemporal evolution
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of habitat quality and exploration of the factors affecting its change are critical to the
construction of a regional ecological security framework [9], and to spatial and layout
planning in coastal cities.

How is habitat quality measured? Different methods are developed for the assessment
of habitat quality at different scales [10]. At a small scale, the distribution and abundance
of major species in the region are determined based on field survey data [11]. For ex-
ample, Loffler and Fartmann [12] measured regional habitat quality based on vegetation
structure, analysed the effects of grassland landscape and habitat quality on Orthoptera
insects, and proposed that improving regional habitat quality is critical to strengthening
the conservation and management of Orthoptera insects. However, it is difficult to study
all types of provinces and cities with large regional areas using this method. To extract
environmental factors at a large and medium scale, the InVEST model [13] and the remote
sensing ecological index (RSEI) [14] are usually used to rapidly evaluate habitat quality.
Many previous studies have used the InVEST model to explore the correlation between
habitat quality and land use changes in different regions [15]. However, most current
studies discuss habitat quality changes over different time periods at intervals of five or ten
years, but annual habitat quality changes have not been studied.

Although much attention has been paid to the study of habitat quality, there are
still gaps in our understanding of the factors that influence it and their interactions. The
determination of factors affecting changes in habitat quality provides the basis for the
protection of the habitat biodiversity [16], and it is important to solve certain key problems
for the promotion of habitat protection [17]. In recent studies, the influencing factors have
been classified into two groups [18]: natural factors and anthropogenic factors. Natural
factors, such as elevation, do not change significantly in the short term; however, they
indirectly limit human activities. Differences in topography, precipitation, and vegetation
distribution affect the spatial component of various habitats [19]. Anthropogenic factors,
such as population density, gross domestic product (GDP), and land use changes, are the
most direct manifestations of human activities [20]. The results of recent studies show that
land use changes are the main factor controlling changes in habitat quality [21]. However,
it remains unclear which types of land use changes have the most significant effects on
habitat quality. In real life, changes in habitat quality are due to interactions among various
influencing factors, which form a relatively complex network. The relative importance of
each influencing factor changes depending on the time, policy, and region.

Ordinary least squares regression and geographically weighted regression analysis
are the most important methods used to study the correlations between habitat quality and
influencing factors [22]. These two methods can be used to analyse the spatial heterogeneity
of similar geographical attributes and local clustering [23]. These effects can be explained
by the position, relation, and weight of spatial distance of influencing factors based on
a linear model [24]. However, these methods only involve linear interpolation and have
certain limitations, although they all are based on linear regression models [25]. In most
studies, county-level administrative units or different grid units are used, but the effects of
different influencing factors at different scales are ignored [26]. The nonlinear GeoDetector
model, which is a group of statistical methods that can be used to determine geospatial
heterogeneity and its driving forces [27], was used in this study to analyse the correlations
between changes in habitat quality and influencing factors at different scales and in different
regional zones. The advantage of the GeoDetector model is that it can analyse both
numerical and qualitative data. It can be used to determine the interactions among different
factors [28] and to quantitatively analyse the interactions between two factors [29].

Wenzhou City located in the east of Zhejiang Province, China, is a prefecture-level
city that is designated as one of the three major representative cities after the reform and
opening up of China. It has developed rapidly and is often regarded as a typical example
of the privatisation and corporatisation of Chinese cities in the context of market-oriented
reforms and open experiments [30]. However, rapid economic development often comes
at the cost of damaging the environment, putting enormous pressure on the ecological
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environment due to urban expansion, changes in land use, and uneven spatial allocation
of resources and environment. This study chose Wenzhou City as the research area and
analysed annual changes in its habitat quality and the factors influencing it, to provide
a reference for ecological environmental protection and land use in rapidly developing
Chinese coastal cities, and to promote the pace of urban transformation to encourage the
construction of the ecological civilisation of China. This study focuses on the following
questions:

1. What is the overall habitat quality situation in the urban area of Wenzhou City?
2. How has habitat quality in Wenzhou changed from 1992 to 2015, year by year?
3. What are the main factors contributing to changes in habitat quality?
4. How do natural and anthropogenic factors interact with each other?

The aim of this study is to construct a framework for analysing the dynamic changes in
habitat quality and their influencing factors and explore interactive effects between natural
factors and anthropogenic factors on habitat quality. Based on the InVEST habitat quality
evaluation model, the annual assessment of habitat quality is conducted. In addition, the
GeoDetector model is applied in the study to explore the interaction between the factors
that influence the change of habitat quality. The continuous evaluation of habitat quality
and the effects of various factors may provide a scientific basis for the ecology evaluation in
territorial spatial planning, optimal integration of protected areas, and suggest the direction
for future planning measures and development.

2. Methodology

2.1. Study Area

Wenzhou City is on the south-eastern coast of China. It is surrounded by mountains
on three sides and faces the sea on one side. The territory is rich in natural resources and
known as ‘seven mountains, two waters, and one field’. The topography of Wenzhou City
is trapezoidal from the southwest to the northeast and the landforms can be divided into
low mountainous areas in the west, low mountainous and hilly basins in the centre, plain
and tidal flat areas in the east, and coastal island areas. The region is rich in forest resources,
with forest coverage of 60.03% [31]. The forest ecosystem is the most extensive ecosystem
type found in Wenzhou City. Wenzhou City has a dense river network and a developed
surface water system, including the Oujiang, Feiyun, and Ao rivers [32]. According to the
Wenzhou Bureau of Statistics [33], the land and sea areas of Wenzhou City are 12,083 and
8649 km2, respectively. Wenzhou City has 12 counties and districts under its jurisdiction,
with a permanent population of 9.3 million people. In recent years, Wenzhou has seen
rapid urbanisation, with the city’s gross domestic product (GDP) standing at 1.322 billion
yuan in 1978; surpassing 100 billion yuan in 2002; and reaching 687.09 billion yuan in 2020,
with rapid economic growth.

2.2. Methods
2.2.1. Description of the Habitat Quality Model

The habitat quality model was selected as the submodule of the InVEST model. Habitat
quality maps were generated by combining land use data and information about biodiver-
sity threat factors to determine the regional environmental quality [34]. Habitat quality
scores were calculated as follows:

Qab = Mb

(
1 − Gz

ab
Gz

abKz

)
(1)

where Qa represents the habitat quality score of habitat pixel a in habitat type b; M represents
the habitat suitability of habitat type b; and G and K are the default model parameters,
which are 2.5 and 0.5, respectively.
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The degree of the degradation of the habitat at this location is:

Gac =
E

∑
e=1

F

∑
f=1

(
We

∑E
e=1 we

)
ecieacβaSbe (2)

where Gac denotes the habitat degradation degree of habitat pixel a in habitat type c; e is the
threat source for the habitat; and f is the grid of the threat source e.

The stress effect of e(ef) in grid f on the habitat in grid a is ieac:

ieac = 1 − Gac
Gmax

(linear decay)

ieac = exp
(
− 2.99

Gmax
Gac

)
(exponential decay)

(3)

where Gac is the distance between pixel a of the habitat and pixel c of the threat source; W
and Gmax are the weight and maximum influence range of the threat source E, respectively;
β represents the effects of local conservation policies; and S represents the relative sensitivity
of each habitat to different threat sources.

The land-use was derived from MODIS Land Cover/Dynamics (MCD12) data [35].
The original land-use and cover classification includes six categories: agricultural land,
forest land, grassland, wetland, construction land, and other land uses, as well as 22 sub-
categories from the original spatial dataset [36]. Based on the actual situation in Wenzhou
City, six categories were used in this study: cultivated land, forest land, grassland, aquatic
environments, construction land, and bare land. Cultivated land, construction land, and
bare land were considered to be the primary habitat threat factors, because all three are
disturbed by human activities, the natural conditions of bare land, bare rock, and stony
land in Wenzhou City are poor, and bare land causes dust pollution in sunny days and
erosion in rainy days.

Information about threat sources and habitat sensitivity parameters were obtained
from Haiyan [37] and related studies and were used as input for the habitat quality module
of the InVest model (Tables S1 and S2).

2.2.2. GeoDetector Model

The GeoDetector model is composed of four detectors: factor detector, risk detector,
interaction detector, and ecological detector. In this study, the interaction and factor
detectors were used to explore the factors affecting the spatial differentiation of habitat
quality.

Factor detector

The calculation is as follows [28]:

q = 1 −

A
∑

a=1
Naσ2

a

nσ2 (4)

where q is the degree to which an impact factor explains the distribution of the habitat
quality; A is the stratification of the impact factors; Na and n are the habitat quality of layer
a and the whole region, respectively; and σ2

h and σ2 are the variance of layer a and the
study area. If the explanatory power of the influencing factor q is within the range of (0–1),
the closer q is to 1, and the stronger the influence of this factor on the spatial differentiation
of the habitat quality. Otherwise, the influence is weaker.

Interaction detector

Based on the comparison of the q values of single factors, the sum of two single factor q val-
ues, and the q values of the double-factor interaction, the interaction detector can be divided into
five classes based on the highs and lows of these three values. If q(Y1∩Y2) < Min[q(Y1), q(Y2)],
the interaction is decreasing nonlinearly. If Min[q(Y1), q(Y2)] < q(Y1∩Y2) < Max[q(Y1), q(Y2)],
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the interaction decreases linearly by a single factor. If q(Y1∩Y2) > Max[q(Y1), q(Y2)], the
interaction is a double-factor enhancement. If q(Y1∩Y2) = q(Y1) + q(Y2), the interaction is
independent. If q(Y1∩Y2) > q(Y1) + q(Y2), the interaction is a nonlinear enhancement.

Selection of the best GeoDetector parameters

As a spatial statistical method, the GeoDetector model analyses the correlations among
different factors based on grid data. The sizes of different aggregation areas or spatial
distribution, i.e., the scale and partition effects, must be considered to produce different
results [23]. Firstly, the effect of scale on the GeoDetector model results was analysed to
determine the best parameters. Based on previous studies, the data resolution, and research
area, five grid scales were selected: 1000 × 1000 pixel, 2000 × 2000 pixel, 3000 × 3000 pixel,
4000 × 4000 pixel, and 5000 × 5000 pixel. Secondly, different types of independent variables
were used to determine the effect of partitioning on the GeoDetector model. Different
classification methods are generally used for the discretisation of numerical independent
variables. In this study, the natural breakpoint and manual classification methods were
adapted to test and select the best model.

Selection of the spatial distribution of influencing factors

The factors affecting changes in habitat quality are diverse and complex. Based on
previous studies, the natural environment is in innate existence, and its transformation
is caused by human interference. Therefore, the effects of changes in habitat quality can
be divided into natural factors and anthropogenic factors. Based on the literature and on
existing data for the study area, six influencing factors were selected for analysis in this
study (Table 1).

In this study, the indexes that represent natural factors include the elevation, annual
mean precipitation, and normalised vegetation index. Elevation influences the composition
of the vegetation structure and indirectly affects the habitat selection of animals [38], and
thus the habitat quality. Annual average precipitation is an important factor that affects
the growth and reproduction of organisms as well as the food resources of animals and
plants [39]. The normalised difference vegetation index (NDVI) can reflect the growth status
and coverage degree of vegetation. It is the most direct method that can be used to model
the advantages and disadvantages of regional ecological environments [40]. Anthropogenic
factors include urbanisation, population density, and land use/cover change (LUCC).
Night-time light data can be used to measure the overall urbanisation intensity [41]. Rapid
urbanisation leads to a gradual imbalance in ecosystem functions [42]. The population
density reflects the distribution of the population. Where habitat quality is good, there tends
to be less human disturbance. LUCC can reflect the human economic activities and is an
embodiment of human activities [43]. The digital elevation model (DEM), precipitation, and
population density data were obtained from the Resources and Environmental Science Data
Center, Chinese Academy of Sciences (Beijing, China; http://www.resdc.cn/, (accessed
on 5 March 2021)). The NDVI data originated from the Geospatial Data Cloud (http://www.
gscloud.cn/#page6, (accessed on 5 March 2021)). Night-time light data were derived from
the Chinese Long-term Series Annual Artificial Night-time Light dataset (1984–2020) [44].

Table 1. Summary of factors affecting habitat quality based on the literature and factors used for the
GeoDetector model.

Category Factors Affecting Habitat Quality, Based on the Literature Factors Used for the Geodetector Model

Natural factors

Topographic factors [5] Elevation

Climate [45] Annual average precipitation changes

Vegetation coverage [46] NDVI changes from 1992 to 2015

Anthropogenic factors

Urbanisation [42] Changes of night-time light data from 1992 to 2015

Population [41] Population changes from 1992 to 2015

LUCC [47,48] Land use transformation from 1992 to 2015
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2.2.3. Improvement of the Logistic Multiple Regression Model for the Analysis of
Influencing Factors

SPSS Statistics 26.0 (IBM Corp, Armonk, NY, USA) statistical software was used to
re-analyse the same data, using logistic regression model analysis. Based on sample data,
the model generates regression coefficients for each variable. The correlations between
dependent and independent variables in the model can be determined and discussed based
on these coefficients. The subordinate variables are 0 and 1, where 0 indicates no change in
the habitat quality [19]. If q is the occurrence probability of the event and the value range is
0–1, 1−q is the probability that the event does not occur, which can be calculated using a
logistic function:

Q =
exp(β0 + β1N1 + β2N2 + . . . + βnNn)

1 + exp(β0 + β1N1 + β2N2 + . . . + βnNn)
(5)

where N1, N2, . . . , Nn are factors that affect habitat quality change, such as the elevation,
precipitation, and land use change. The constants in the β0 equation, that is, β1, β2, and
so forth, are partial regression coefficients of the βn logistic regression that represent the
degree of the influence of the independent variables.

2.2.4. Principal Component Analysis

Principal component analysis (PCA) is a statistical analysis method that converts
multiple indicators into a small number of comprehensive indicators [49]. In this study,
various land use changes were used as indicators for the PCA, to obtain the characteristic
roots of the matrix and corresponding variance contribution rate. PCA was undertaken
using SPSS Statistics 26.0 statistical software. Subsequently, the score of each component
factor was calculated using the linear expression and a comprehensive score was obtained
using the variance contribution rate as the weight [50]. Finally, the comprehensive score of
each principal component was converted to a percentage system and used as the evaluation
score, which more accurately reflects the effects of various land use changes on habitat
quality.

3. Results

3.1. Spatiotemporal Patterns of Land Use in Wenzhou City from 1995 to 2015

From 1992 to 2015, the proportions of forest land and cultivated land in Wenzhou City
remained high. Cultivated land and construction land areas increased slowly, whereas
forest land, grassland, bare land, and aquatic environments decreased gradually. From
1992 to 2015, the cultivated land area increased the most (77,652.98 ha). It increased rapidly
from 1992 to 2000 and remained at 57,000 ha in 2015. The construction land area increased
by 45,851.43 ha; it expanded continuously and, after 2000, the construction area increased
more rapidly (Figure 1).

The forest land area decreased to 112,313.87 ha. The forest land area decreased from
1992 to 2000 and has remained at ~560,000 ha since then. The grassland area increased to a
maximum of 35,137.44 ha in 2001, then decreased to 30,000 ha and remained at a relatively
stable level. The bare land area slightly decreased, whereas the aquatic environments
remained unchanged.

3.2. Spatiotemporal Changes in the Habitat Quality

The value range of habitat quality is (0–1). The larger the value is, the higher the
habitat suitability [41]. To explain the changes in habitat quality in Wenzhou City, the
results of the calculations of the 24 phases of the habitat quality index were divided into
five ranges: 0–0.2, 0.2–0.4, 0.4–0.6, 0.6–0.8, and 0.8–1. The quality of the habitat was then
graded according to the following five levels: extremely poor, poor, medium, good, and
excellent. Based on these results, it was found that there is no good habitat in Wenzhou
City.
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Figure 1. Changes of the forest land and cultivated land areas in Wenzhou City from 1992 to 2015 (left
ordinate: grassland, bare land, construction land, and aquatic environments; right ordinate: forest
land and cultivated land).

The habitat quality in Wenzhou City was relatively good from 1992 to 2015. The
area of excellent habitat quality accounted for the largest proportion of the whole city.
However, the area of excellent habitat decreased from 1992 to 2003 and then stabilised at
~610,000 ha. The area of medium habitat quality increased from 406,615.78 ha in 1992 to
491,415.81 ha in 2005 and then remained at the same level. The area of extremely poor or
poor habitat quality was smaller. The area of extremely poor habitat quality increased from
37,334.59 ha in 1992 to 83,121.74 ha in 2015. During 1996, the area of poor habitat quality
sharply decreased by 2894.69 ha and reached 197.83 ha in 1997. Subsequently, the area of
poor habitat quality slightly fluctuated, but did not exceed 307.99 ha (Figure 2).

 

Figure 2. Statistical chart of habitats of different qualities in Wenzhou City from 1992 to 2015.
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The spatial distribution of habitat quality in Wenzhou City considerably differs. Over-
all, habitat quality decreases from the west to the east; that is, the average habitat quality in
the inland region is better than in coastal counties and cities (Figure 3). Excellent habitat is
mainly located in Yongjia, Taishun, and Wencheng counties, followed by Longwan District
and Dongtou District. The prime quality habitats decreased in all counties and cities. The
habitats in Cangnan County, Ruian City, Yueqing City, and Pingyang County decreased
significantly. Yongjia County had a medium habitat quality. Ruian City, Yueqing City, Cang-
nan County, Pingyang County, Taishun County, and Wencheng County have experienced
rapid growth for 24 years. Ruian City rapidly grew from 1994 to 2002 and then stabilised.
In 2005, it slowly declined to the 2015 level of Cangnan County. Lucheng District, Longwan
District, Longgang City, and Dongtou District have fewer areas of medium habitat quality.
The area of poor habitat quality decreased in all counties. It declined rapidly from 1996 to
1997, especially in the Longwan District, which had the poorest habitat quality. The area
of extremely poor habitat quality increased in all counties and cities. The rate of increase
started to accelerate after 2000, and this trend was noticed particularly in Yueqing City
and Ruian City. The area of extremely poor habitat quality in the Ouhai District rapidly
increased from 2000 to 2010, ranking third after the Lucheng District. Taishun County and
Wencheng County had the smallest areas and slowest growth rates.

 

Figure 3. Changes in habitat quality in Wenzhou City from 1992 to 2015.

3.3. Relative Level of Habitat Degradation

The degree of habitat degradation ranges from zero to one. The larger the value is,
the higher the habitat suitability [41]. To explain the changes in the habitat degradation
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in Wenzhou City, habitat degradation has been reclassified in GIS into five stages: little
degradation (0–0.2), mild degradation (0.2–0.4), moderate degradation (0.4–0.6), high
degradation (0.6–0.8), and extremely high degradation (0.8–1).

The land area that experienced habitat degradation in Wenzhou City was relatively
low from 1992 to 2015. The areas of little degradation accounted for the largest proportion
of the whole city. These decreased over the 24 years, whereas areas with the other four
types of degradation increased. Areas of moderate degradation grew the most rapidly. In
2015, these areas accounted for approximately ten times their area in 1992. There were
no areas with a relatively high degree of degradation from 1992 to 1995, but they began
to appear after this time. After 2004, the growth rate of areas with relatively high degree
of degradation accelerated and reached ~11,241.60 hectares in 2015. There were no areas
of extremely high degradation from 1992 to 2006. These began to appear after 2007 and
reached 902.05 hectares in 2015 (Figure 4).

 

Figure 4. Statistical chart of the changes in the areas of habitat degradation in each county of Wenzhou
City from 1992 to 2015.

Coastal areas were the main areas that experienced habitat degradation in Wenzhou
City, whereas the degree of degradation of inland areas was relatively low. Areas of little
degradation were concentrated in Yongjia County, Taishun County, and Wencheng County;
there was a lower proportion of such areas in in Longgang City and the Longwan, Dongtou,
Lucheng, and Ouhai districts. The areas of mild degradation increased, except in the Ouhai
and Longwan districts. The area of mild degradation in Leqing City remained stable from
1992 to 2000 and then sharply increased. The area of mild degradation was the largest in
2015. In 1992, Pingyang County experienced the least degradation. Over the past 24 years,
its rapid growth surpassed that of many other counties and cities; it ranks second. The
areas of moderate degradation in each county and city increased by different amounts over
the past 24 years. The Ouhai District showed slow growth from 1992 to 2000 and rapid
increase from 2000 to 2007. The area of moderate degradation then slightly decreased to
10106.41 ha. After 2004, the growth rate of Ruian City accelerated. In 2012, it surpassed that
of Ouhai District. The county accounted for the largest area of moderate degradation in
Wenzhou City. After 2000, the area of relatively high degradation was zero. Subsequently,
each county and city started to grow. The Ouhai District had the fastest growth rate. It
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accounted for an area of ~5254.77 hectares in 2015. Before 2006, there were no areas of
extremely high degradation in Wenzhou City, but these increased by different degrees in
the Lucheng, Longwan, and Ouhai districts and in Yongjia County. The Ouhai District had
a rapid rate of growth; the area of extremely high degradation area was ~354.01 hectares
in 2015. Before 2011, the area of extremely high degradation in the Lucheng District was
~157.34 hectares. Subsequently, the area exceeded that of the Ouhai District and accounted
for the largest area of high degradation area in Wenzhou City (~445.16 hectares; Figure 5).

 

Figure 5. Changes in areas with moderate habitat degradation in each county in Wenzhou City from
1992 to 2015.

3.4. Analysis of Factors That Affected Changes in Habitat Quality

The natural breakpoint method was used to match the natural and anthropogenic
factors with habitat quality in Wenzhou City. The results were imported into the GeoDetec-
tor model to calculate the Q value of each factor, to illustrate its influence on the spatial
distribution of habitat quality. The result shows that the Q value of each influencing factor
can be ranked from large to small as follows: land use change (0.696); elevation (0.211);
night-time light change (0.144); NDVI change (0.120); precipitation change (0.097); and pop-
ulation density change (0.068). Therefore, land use change is the key factor that affected the
changes in habitat quality in Wenzhou City. As the areas of cultivated land and construction
land in Wenzhou City has risen, the intensity of land use has significantly increased. This
increased the possibility of changes in land use type from habitat to non-habitat. The effect
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of elevation is more notable than that of other natural factors. Wenzhou City is surrounded
by mountains on three sides and the sea on one side. Landform can be divided into low
mountainous areas in the west, low mountainous and hilly basins in the centre, plain and
tidal flat areas in the east, and coastal island areas. Plains and hilly areas are conducive
to the development of human activities, whereas mountains have a higher elevation and
rugged terrain that is not conducive to human activities. The change in night-time light
ranks third. In recent years, the rate of urbanisation has accelerated, which significantly
contributed to the changes in habitat quality. The increase in the regional economic GDP
of Wenzhou City attracts migrants and promotes urbanisation. The transportation net-
works and infrastructure were significantly improved, but this increased the possibility of
a decline in habitat quality.

Analysis of the factor interactions (Figure 6) shows that when compared with single
factor interaction, the results of the interactions between each impact factor and other
factors are enhanced by varying degrees. Land use ∩ precipitation change (0.733) and
population density change (0.730) have the largest values, followed by the land use ∩ night-
time light change (0.723), land use elevation ∩ DEM (0.715), and land use ∩ NDVI (0.715).
The population density change ∩ precipitation change (0.211) showed the least interaction.
There is a notable interaction between land use change and other factors. The land use
type significantly affected the distribution patterns of different ecosystems. In addition, the
increasing frequency of human activities led to an accelerated transformation of land use
types, which increased the ecological pressure of surrounding towns and sped up changes
in habitat quality. The interaction among anthropogenic factors was stronger than among
natural factors, although natural factors are the foundations of habitat quality; they change
slightly with weak intensity. Obvious changes in natural factors such as elevation would
not occur without the disturbance of human activities. Therefore, the pairwise interaction
among the anthropogenic factors is stronger than that among natural factors or between
natural factors and social-economic factors.

Figure 6. Results of interaction detection of factors influencing habitat quality in Wenzhou City.

4. Discussion

4.1. Analysis of the Habitat Quality in Wenzhou City

From 1992 to 2015, the overall habitat quality in Wenzhou City was good. Habitat
quality slightly decreased from west to east. This is mainly due to the rich ecological
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resources in the western part of Wenzhou City. There are contiguous forest lands in the
western part of Wenzhou City with high forest coverage. Economic development is slower
in the western region than in the eastern region. According to Pan et al. [51], higher
habitats in Zhejiang Province are mostly concentrated in the mountainous and hilly areas of
Wenzhou City, which is consistent with the findings of this paper. In 1994, the State Council
issued and implemented the Regulations of the People’s Republic of China on Nature
Reserves [52]. In the same year, Wenzhou City council established the Zhejiang Wuyanling
National Nature Reserve in Taishun County to protect its subtropical forest ecosystem and
rare plants and animals, such as pheasants and macaques [53]. In 1997, Wenzhou City
established its first national forest park, Zhejiang Yandang Mountain National Forest Park.
By the end of 2015, the number of natural protected areas in Wenzhou City significantly
increased. It had 32 protected areas at and above the provincial level. During this period,
the forest area of Wenzhou City increased by 33,000 hectares and the forest coverage rate
increased by 20.9% [33]. Therefore, the quality of excellent habitats in Wenzhou City is well
protected, and the quality of habitats in the western region is higher than in the eastern
region. In addition, during 1995–2015, urban expansion in Wenzhou City was mainly
concentrated in urban centres and coastal areas [54], with the largest area of land occupied
by construction land, followed by forest land. The findings of our study are consistent with
previous studies mentioned above. The habitat quality in Wenzhou City has been declining
year by year in recent years, especially in coastal areas, where it is emergent to establish
protected areas or take other effective conservation measures to change the degradation
status.

4.2. Analysis of the Factors Affecting the Change in the Habitat Quality

Based on the results discussed in Section 3.3, the social and economic factors are the
key factors that have affected changes in habitat quality in Wenzhou City. Based on the
Wenzhou City 1992–2015 Yearbook [55], the land area, population, and GDP of Wenzhou
City increased by 281 km2, 1.35 million, and 417.619 billion yuan, respectively, mainly in
Ouhai District, and in Yueqing City and Ruian City. Based on the adjustment of the land use
structure in Wenzhou City (1997–2010) [56], the largest increase in construction land was
mainly concentrated in Yueqing City and in the Ouhai and Lucheng districts, which further
suggests that areas of extremely poor and poor habitat quality in the Ouhai District, Ruian
City, and Yueqing City accounted for the largest proportion of the whole city. Regions with
relatively slow population and GDP growth were mainly distributed in Yongjia County,
Taishun County, Wencheng County, and the Dongtou District, which corresponded to the
regions with the most extensive distribution of superior habitat. LUCC, population density,
and economic growth have a notable spatial aggregation effect and the driving forces of
social and economic growth in Wenzhou City weaken gradually from the east to the west.

In addition, natural factors play an important role in changes in the habitat quality.
The geographical environment restricts the development of human activities in the western
region and forest ecosystems are well protected from construction by the creation of
protected areas, and the relatively high annual rainfall ensures a suitable environment for
the growth of flora and fauna, creating areas rich in species diversity. Therefore, ecological
restoration at a national scale should consider designating areas with a long history of
excellent habitat quality within the biodiversity protection red line, and strictly controlling
the human destruction of ecosystems within the ecological red line. For areas where habitat
destruction has been greater and serious fragmentation has occurred in recent years, a
combination of biological and engineering remediation measures should be used to actively
promote the restoration of natural habitats. It is important to build the protected areas
network, with protected areas as ecological sources, and important rivers where land and
sea meet as ecological corridors to maintain the stability of habitat quality. The results
of Section 3.2 of this study can be used to help optimal integration of the boundaries of
protected areas, and ensure ecological measures are taken together to optimise the ecological
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network pattern, enhance biodiversity, promote the restoration of natural ecosystems, and
create a high-quality ecological hinterland.

4.3. Effect of the Different Type of Land Use Change on the Habitat Quality

PCA was carried out using SPSS to extract eight components with a cumulative vari-
ance contribution rate of 84.414%, based on the principle that the characteristic root should
be greater than one and the cumulative variance contribution rate should reach ≥ 80% [57].
Based on an analysis of the land use change types and eight principal components, it was
determined that the main factors that affected habitat quality changes are cultivated land
and construction land. The factors that contributed the most to the changes in the habitat
quality can be ordered as follows, from large to small: conversion of forest land to cultivated
land (0.889), aquatic environments to cultivated land (0.866), forest land to construction
land (0.742), grassland to forest land (0.734), aquatic environments to forest land (0.715),
and cultivated land to forest land (0.704). Additional data are shown in Tables S3 and S4.

Therefore, the conversion of forest land to cultivated land had the greatest effect
on the deterioration of the habitat quality. Based on Section 3.1, the area of forest land
decreased sharply around 2000, whereas the area of cultivated land rapidly increased.
This was principally due to the promulgation of the Land Management Law in 1998,
which stipulated the implementation of a compensation system for occupied farmland
and the implementation of measures to protect the balance between the occupation of, and
compensation for, occupied farmland for non-agricultural construction. Under this policy,
people receive economic benefits from land reclamation, and as a result forest land was
converted to cultivated land. Subsequently, the state implemented a policy of ‘returning
farmland to forest’ in 2002 to protect and improve the ecological environment. From 2010 to
2014, Wenzhou City enacted the Balance of Arable Land, an act that allocated an equivalent
amount and quality of arable land to the local government to supplement the amount
of arable land occupied by construction, at the municipal level [58], and cultivated land
and forest areas stabilised. Combined with the trend in habitat quality changes shown in
Figure 3, it can be concluded that the quality of prime habitat rapidly declined from 1998 to
2000. This decline slowed after 2002. After the Balance of Arable Land was enacted from
2012 to 2014, the area with a prime habitat quality remained stable. Therefore, the effect of
relevant policies on habitat quality changes has been validated by this study.

The conversion of aquatic environments to cultivated land also led to a deterioration
in habitat quality. The explosive growth of the marine economy of Wenzhou City has
led to an increase in land reclamation at many locations and aquatic environments have
gradually decreased. Therefore, changes in areas with an excellent and intermediate habitat
quality slowed down in Wenzhou City, whereas the areas of extremely poor habitat quality
continued to increase, mainly in the eastern coastal areas. The eastern coastal area, which
is the core of the economic construction and development of Wenzhou City, is mainly
characterised by plains and hills. Frequent reclamation projects and other activities have
led to the deterioration of the habitat quality in coastal areas, water pollution, and the
continuous disappearance of natural ocean shorelines and harbours. The coastal waters,
canals, plain river networks, and urban inland rivers within its boundaries are severely
polluted. The eutrophication of water bodies is significant and wetland functions are
severely threatened [59].

4.4. Comparison of the Logistic Binary Regression and GeoDetector Models

Logistic regression model analysis was carried out on the same data using SPPS. The
contribution of land use changes was the largest, but the p value was greater than 0.05. The
Exp(B) values of elevation, rainfall change, population change, and night-time light change
were the same (see Figure 7). In contrast, the contribution of NDVI change was the smallest.
An increase in the NDVI will likely mean a decrease in habitat quality deterioration, i.e.,
these two factors are negatively correlated. The Exp(B) values of multiple influencing
factors were the same as those obtained using the GeoDetector model. However, the results
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obtained using the GeoDetector model explained the influence of multiple factors in more
detail. In addition, the effect of NDVI change ranked fourth in Section 3.3, which slightly
differs from the results obtained from the regression analysis. NDVI reflects the degree of
vegetation coverage, which is the basis of the ecological environment and directly affects
the quality of the habitat. Its influence is normally greater than of rainfall, as has been
confirmed by numerous studies [29,60] The changes in habitat quality as a result of the
combined action of these two factors cannot be compared. To conclude, the GeoDetector
model is superior to the logistic binary regression model. Its operation is simpler, and
collinearity and correlations among various factors are not considered.

 

Figure 7. Model estimation of the influencing forces of the changes in habitat quality in Wenzhou
City.

4.5. Overall Analysis

Coastal cities are at the forefront of economic development, but they are also habitats
for many important plants and animals, including birds; land use changes have led to
large-scale losses of natural coastal wetlands [61]. Consequently, many fast-growing coastal
cities are under great ecological pressure. In this study, the annual changes in the habitat
quality from 1992 to 2015 were analysed, which reduced the lag between the actual change
and mapping time compared with analyses of the total change over a five-year period,
because the changes analysed could have occurred at any point in this period (Figure 8). For
example, the area with a medium habitat quality in Taishun County increased from 1992
to 2000. However, it first decreased and then increased during this period. The increase
occurred between 1998 and 2000; therefore, the lag time of the change is two years. Thus,
the use of a simple and efficient method to track the annual changes in habitat quality
provides time for the mitigation of the habitat degradation in rapidly developing coastal
cities of China.
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Figure 8. The specific working steps of this article.

The GeoDetector model revealed the factors that influence changes in habitat qual-
ity and then helped determine measures for changing the natural condition of coastal
areas [37]. For example, the most influential factor in the changes in habitat quality in
Wenzhou City was land use change, particularly the conversion of forest land and aquatic
environments into arable land. Consequently, improvements to ecological environment
quality in Wenzhou City should focus on increasing urban green space coverage, improv-
ing the layout of green space in urban areas, improving water resource conservation and
wetland protection, preventing reclamation of aquatic environments, protecting water
resources, reducing water pollution, reducing reclamation projects including shore zone
restoration and beach restoration, and enhancing the landscape effect and ecological service
value of water bodies.

China’s territorial spatial planning includes the evaluation of the carrying capacity of
resources and environment and the suitability of territorial spatial development, among
which the evaluation of the carrying capacity of resources and environment summarises
the characteristics of regional resource and environmental endowments and analyses their
strengths and weaknesses according to three different functional directions: ecological
protection, agricultural production, and urban construction. This research framework is
simple to operate and can be applied in areas where data collection is difficult, to analyse
regional ecological conservation by modelling habitat quality, to use habitat degradation to
illustrate the direction of town construction, and to explore the factors influencing ecological
change, providing a scientific basis for recent implementation measures in territorial spatial
planning.

In this study, due to limitations in the collection of endemic species data information,
it was not possible to validate the distribution of plants and animals against the quality of
habitats simulated by the InVEST model. In the next step of the study, species distribution
data could be used as a basis for habitat definition, and a plant ecology approach could be
used as a basis for the model, potentially reducing the subjectivity of the results. Habitat
quality changes are generally caused by multiple factors. In this study, GeoDetector models
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were used to explore the interaction between these two factors. However, the interaction
between these factors is complex and uncertainties affect the results. In this study, when
selecting climate change factors, rainfall change was chosen as an indicator due to the
availability of data, but the indicators of climate change could be further refined, e.g.,
temperature change could be added to the influencing factors, as extreme weather may
also influence the choice of sites for human activities, etc. The human factors also should
be refined, the addition of policies and government interventions should be considered,
and the mechanisms driving the multi-factor coupling should be analysed.

The intensity and interaction between the drivers of habitat quality may change in
the future according to some studies, while the main driver may remain the same in the
future [21]. This study aims to investigate the factors influencing past changes in habitat
quality and to provide scientific guidance for the implementation of next steps in the short
and medium term. Subsequent studies can forecast land use changes in the study area and
provide a scientific basis for longer-term coastal urban planning in the future.

5. Conclusions

The land use structure in coastal cities, as the pacesetters of national major develop-
ment strategies, has changed significantly and different land use structures have affected
the regional ecological environment. The InVEST model is parameterised by the use of ex-
pert knowledge, so that the framework can be extended for use in different coastal cities. In
addition, analysis of influencing factors using the GeoDetector model showed that habitat
quality in coastal cities is impacted by natural, human, and social factors. Cross-probing
between two random factors shows different degrees of enhancement. Significant inter-
actions between land use and other factors were noted in the study area. Land-use types
have an important influence on the distribution patterns of different ecosystems and, in
combination with increasingly frequent anthropogenic activities, force an accelerated rate
of land type change. This increases the ecological pressure on the surrounding towns and
accelerates changes in habitat quality. Therefore, attention should be paid to the social and
economic development of future cities, the construction of environmentally friendly land
use patterns, and targeted action measures that protect and mitigate ecological threats. This
study demonstrates that this research framework provides a simple, efficient, and low-cost
decision support tool that can provide time to mitigate habitat degradation in the rapidly
growing coastal cities of China and provide a scientific basis for ecological civilisation and
spatial ecological restoration of the country, leading to a robust and integrated approach to
land use planning and management.
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Abstract: The value of ecosystem services and service capabilities continue to improve, and the
way to form a path of resource industrialization development has become one of the important
directions of sustainable development. This paper mainly takes the construction of national parks
as a major opportunity and explores the temporal and spatial changes in the value of ecosystem
services in Qilian Mountain National Park (Gansu area) and the construction path of the industrial
system of national park construction. The total value of ecosystem services was calculated using
a comprehensive index of the degree of land use, land contribution rate, ecological service value,
equivalent factor of economic value, and the improved value coefficient of farmland ecological
services, and then the Sensitivity index was used to reveal the dependence of the value of ecosystem
services on the value index over time. The results showed the following: (1) Human disturbance
factors in Qilian Mountain National Park (Gansu area) are weak, and the land use of Qilian Mountain
National Park (Gansu Area) was mainly grassland, followed by unused land, forest land, and glacial
snow, with the change in glacial snow cover being the largest. (2) The ecosystem of Qilian Mountain
National Park (Gansu area) is strong, and the contribution rate of forest land, construction land,
unused land, and glacial snow cover in Qilian Mountain National Park (Gansu Area) was positive,
while cultivated land, grassland, and water area were negative. Among them, glacial snow cover
contributed the most at 10.4723 the ecological barrier function plays a stable role. (3) The ecosystem
service value (ESV) in Qilian Mountain National Park (Gansu Area) showed a fluctuating growth
trend on the whole, showing the characteristics of high northwest and low southeast, among which
the total value of grassland was the largest, the value of unused land was the smallest with the largest
increase range, and the increase in water area was the smallest. (4) Qilian Mountain National Park
(Gansu Area) is mainly based on regulated services, followed by support services, supply services,
and cultural services, all showing a clear growth trend, increasing by 181.77%, 183.90%, 196.19%,
and 170.38%, respectively. With the development of low-carbon economy and circular economy as
the main idea, we aim to build a national park industrialization development path of direct product
supply, indirect product supply, and basic guarantee.

Keywords: ecosystem services value; land use intensity; land use change; sensitivity analysis; Qilian
Mountain National Park (Gansu Area)

1. Introduction

The continuous satisfaction of economic and social service functions by ecosystem
services is an important basic prerequisite for achieving their continued function [1]. In
2015, China promulgated and implemented the “Opinions of the Development and Reform
Commission on the Key Work of Deepening Economic System Reform in 2015” to carry out a
“pilot national park system” in nine provinces, including Sichuan, Hainan, and Guangdong,
and in 2021, China officially established the first batch of national parks, which included
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Sanjiangyuan, giant pandas, Northeast tigers and leopards, Hainan tropical rainforest, and
Wuyi Mountain, covering an area of 230,000 square kilometers, covering nearly 30% of the
terrestrial areas of the national key protected wild animal and plant species. Due to the
coupling characteristics of the natural and cultural landscapes of China’s natural resources
themselves [2], more attention is being paid to the attributes of cultural characteristics and
the needs for integrated development, such as ecosystem service functions, social functions,
and premium functions, in the process of their development [3]. The proposal national
park construction explores the shift from the ecological protection system dominated
by nature reserves to the nature reserve system with national parks as the main body,
providing a typical development model for the overall protection of the global natural
system and paying attention to the important role of ecological assets [4]. As an important
ecological barrier typical of western China [5], the Qilian Mountains play an important
role in helping to maintain the balance of the oasis ecosystem in the Hexi Corridor [6] and
cultural symbols [7,8], and the way to better highlight the service characteristics in the
protection system dominated by national parks has become an urgent problem.

Ecosystem services refer to the environmental conditions and utilities formed and
maintained by ecosystems for human survival and development, and all the benefits
directly or indirectly obtained by human beings from the ecosystem, including four aspects
of supply services, regulation services, support services, and cultural services [9]. The
research on the value of China’s ecosystem services has been carried out by Xie Gaodi [10] to
develop the “China terrestrial ecosystem service value equivalent factor table”. It provides
a basis for calculating regional ecosystem values and is widely used, and the coordination
between ecosystem services is constantly weighed [11]. The main types of ecosystems are
farmland, forests, grasslands, wetlands, oceans, and cities [12], which can provide people
with systematic service functions—that is, the various utilities that humans obtain from the
ecosystem [13]. Similarly, they provide a variety of services to humans, directly or indirectly,
and have been widely discussed in the academic community [14]. For example, Costanza
first assessed global natural capital in 1997, mainly using ecosystem goods and services [15].
De Groot et al. defined ecosystem functioning as the ability of natural processes and their
components to provide goods and services that meet direct or indirect human needs [16].
Since the United Nations Millennium Assessment (2005), which pointed out that ecosystem
services refer to the benefits that people receive from ecosystems, ecosystem services
science has made many advances in developing the core concepts and methods [17]. The
research and development of ecosystems continue to deepen, and the importance of the
development of economy [18], society [19], and urban ecosystem service value prediction
continues to increase [20], which not only plays an important role in the construction of
national parks [21] but also in human development, such as cultural development [22] and
landscape value [23]. In 2021, the United Nations officially adopted the new framework of
environmental–economic accounting–ecosystem accounting (SEEA-EA) to further promote
sustainable economic and social development. In the study of ecosystem service value
in China, it has been proposed that ecological equivalent factors [10] rely on continuous
optimization and in-depth calculation of ecosystem value. In 2020, the Ministry of Ecology
and Environment and the Research Center for Eco-Environmental Sciences of the Chinese
Academy of Sciences jointly compiled a technical guide for accounting for the terrestrial
ecosystem product (GEP) and then extending the function and value of recreation services
to the ecosystem [24], which continues to enrich the research on the value system of
ecosystem services with a focus on counties [25]. Similarly, with the transformation and
development of China’s economy and society, more attention should be paid to connotative
development and cross-regional ecological economic linkage development [26], and the
role of the vegetation index in ecosystems should be fully utilized [27].

Ecosystem service function and ecological sensitivity are important contents of ecolog-
ical protection evaluation [28], and the process of national park construction not only pays
attention to the supply capacity of the ecosystem itself but also divides national parks into
strictly protected areas, ecological conservation areas, traditional use areas, and scientific
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and educational recreation areas [29], and also pays more attention to the reuse of other
extended functions such as cultural aesthetics. Some scholars have made calculations based
on GEP (gross ecosystem product), demonstrating that the ecological value is the most
prominent [30]. The Qilian Mountains are ecologically fragile and sensitive areas, and
ecological restoration is more difficult [31], but the way to further realize the service value
of the ecosystem as a national park, better serve the local economy, and society to play a
better role and form a benign interaction with the ecosystem has become an urgent problem
to be solved. As such, the systematic protection of national parks as the main body has
become a typical case demonstration.

This paper mainly relies on the importance and resource characteristics of ecological
economic development, taking Qilian Mountain National Park (Gansu area) as an example.
First, the ecosystem service value equivalent factor was used to analyze the changes in
ecosystem service value from 2000 to 2019 and enrich the application research of ecosystem
service value equivalent factor. Second, combined with the economic development of the
Qilian Mountains and its surrounding areas, highlight the characteristics shared by the
people of national park construction, build a national park industrialization development
path of direct product supply, indirect product supply and basic guarantee, and put forward
countermeasures and suggestions for national park construction. We also hoped to provide
a typical case for the development of terrestrial ecosystems around the world.

2. Overview of the Study Area

Qilian Mountain National Park (Gansu Area) covers an area of 34,400 km2, accounting
for 68.5% of the total area, involving the seven counties (districts) of Subei Mongol Au-
tonomous County, Aksai Kazakh Autonomous County, Sunan Yugur Autonomous County,
Minle County, Yongchang County, Tianzhu Tibetan Autonomous County, and Liangzhou
District, including Qilian Mountain National Nature Reserve, Yanchiwan National Nature
Reserve, Tianzhu Three Gorges National Forest Park, Horseshoe Temple Provincial Forest
Park, Binggou River Provincial Forest Park, and other protected areas. The terrain is basi-
cally high in the south and low in the north, located in a cold area with a plateau continental
climate and rich natural environment. It consists mainly of Qinghai spruce forest, shrub
forest, and a small number of Qilian cypress, birch, and aspen forests, grassland meadow
steppe, desert steppe, and alpine grassland. The vegetation growth in the area is good, and
the forest coverage rate reaches 28.8% [32] (Figure 1).

As of 2019, The 7 counties (districts) of Qilian Mountain National Park (Gansu Area)
have a land area of 1232.2 square kilometers and a population of 1460.3 thousand, the
GDP totaled 7.974 billion USD, the investment in fixed assets was 5.338 billion USD, and
the added value of the primary, secondary, and tertiary output was 1.964, 1.641, and
4.369 billion USD, respectively (According to the information released by the National
Bureau of Statistics of China, the conversion of US dollars and RMB is based on the average
exchange rate of US dollars and RMB in 2020—that is, 1 US dollar to 6.8974 yuan) (Table 1).

Table 1. Statistics of major indicators of Qilian Mountain National Park (Gansu Area) in 2019.

County
(District)

Major Indicators

Area 1 Population 2 GDP
Value of the

Primary
Value of the
Secondary

Value of the
Tertiary
Output

Fixed
Investment

sq. km. tp Billion USD Billion USD Billion USD Billion USD Billion USD

Subei mongolian
prefecture 667 15.1 0.236 0.016 0.099 0.121 0.6

Akesai kazak
autonomous county 314 11.0 0.149 0.012 0.046 0.091 0.416

Minle county 37 192.5 0.851 0.275 0.163 0.413 0.793

Yongchang county 74 177.6 1.13 0.263 0.303 0.564 0.451
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Table 1. Cont.

County
(District)

Major Indicators

Area 1 Population 2 GDP
Value of the

Primary
Value of the
Secondary

Value of the
Tertiary
Output

Fixed
Investment

sq. km. tp Billion USD Billion USD Billion USD Billion USD Billion USD

Tianzhu tibetan
autonomous county 71 151 0.663 0.17 0.127 0.366 0.552

Liangzhou district 49 885.3 4.559 1.127 0.788 2.644 2.368

Sunan Yugur
Autonomous County 202 27.8 0.386 0.101 0.115 0.17 0.158

Total 1232.2 1460.3 7.974 1.964 1.641 4.369 5.338

1. sq. km.: Square kilometer. The data are mainly from the official websites of seven county (district) governments.
2. Population data are the seventh national census. “tp” represents “thousand people”.

Figure 1. Location of the study area.

3. Materials and Methods

3.1. Data Sources and Processing

The remote sensing monitoring dataset of land cover change in China (CNLUCC)
provided by the Data Center for Resources and Environmental Sciences of the Chinese
Academy of Sciences from 2000 to 2019 was provided by the Data Center for Resources
and Environment Science of the Chinese Academy of Sciences, and this paper analyzed the
land use changes according to the first-level classification method of land use type of the
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system, namely, arable land, forest land, grassland, water, construction land, and unused
land. The data on grain crop output and sown area came from the Gansu Development
Yearbook, while the grain price data were from the Summary of National Agricultural
Product Cost and Benefit Data. These data are widely used in the study of the value of
ecosystem services in China [33,34] (Figure 2).

 

Figure 2. Flow chart. Based on the background of the construction of a community with a shared
future for man and nature with Chinese characteristics, relying on the construction of the main
body of national parks, highlighting the relationship between ecological economic development
and ecosystem protection and utilization, calculating the value of ecosystem services through the
equivalent factor of ecosystem services, maximizing the benefits of the four major ecosystem service
functions of supply, regulation, support and culture, and analyzing the changing characteristics and
trends of the four, and then putting forward countermeasures and suggestions for the construction of
an industrial system dominated by national parks.

3.2. Research Methods
3.2.1. Analysis of Degree of Land Use and Change Characteristics

1. Composite Index of Land Use

The comprehensive index of the degree of land use (L) reflects the degree of human
development and utilization of regional land and is an important indicator to measure the
depth and breadth of regional land use. Its formula is expressed as [35]:

I = ∑n
n−1(Li·Pi)·100%, (1)

where I represents the comprehensive index of land use intensity, Li represents the land
use intensity grade of the class I land use type, and Pi represents the proportion of class I
land use type to the total land area.

141



Land 2023, 12, 201

In order to quantify the influence of each land use type on the change of the compre-
hensive index of land use intensity, the contribution rate of land type use intensity was
introduced, and the calculation method is as follows [35]:

Ri =
Iib − Iia

Iia
=

Li·(Pib − Pia)

Li·Pia
, (2)

where Iib and Iia are the land use intensity index for the class I land use types b year and a
year, respectively. Pib and Pia refer to ratio of the type I land use type to the total land area,
respectively. L-i. denotes the land use intensity rating of the class I land use type. Ri is the
contribution rate of the land use intensity composite index of class I land use type from a to
b years, where a negative value means that its contribution makes the land use intensity
composite index smaller, while a positive value indicates that its contribution makes the
land use intensity composite index larger. The larger the absolute value of Ri, the greater
the contribution of class I land use types to the change of the overall land use intensity
composite index—that is, the greater the impact.

2. Analysis of land use change characteristics

The land use transfer matrix is the basis for analyzing the direction of regional land
use change, which can reveal the structural characteristics and transfer direction of land use
changes [36]. The rate of land use change can be expressed in terms of land use dynamics.
A single land use dynamic degree can visually reflect the intensity of change in various
land types [37].

K =
Ub − Ua

Ua
× 1

T
× 100%, (3)

where K is the dynamic degree of a certain land use type. Ua and Ub represent the area of
a land use type at the beginning and end of the study period, respectively. T is the study
period for a land type.

3.2.2. Approaches to Valuing Ecosystem Services

Referring to the research results of Xie Gaodi [38], Sutton and Costanza [39], and
others, the economic value of the national ecosystem ecological service value equivalent
factor was calculated, and the proposed equivalent factor table defines the economic value
of the annual natural food yield of farmland, with a national average yield of 1 hm2 being
1 [40] and the value equivalent factor of other ecosystem services being a relative quantity,
which refers to the contribution of the ecological service relative to the farmland food
production service.

The economic value of grain production can be calculated as [35]:

Ec =
1
7

Ta·Tb, (4)

where Ec is the economic value of grain production. Ta is the average grain benchmark
yield (kg/hm2) in the study area study area. Tb is the unit price of grain in the study area.
1/7 refers to the natural ecosystem without human input in the unit area, and the economic
value provided by the natural ecosystem without human input is 1/7 provided by existing
farmland [35]. According to the biomass factor table of farmland ecosystem in different
provinces in China [10], the biomass factor of farmland ecosystem in Gansu was 0.42, and
the value coefficient of farmland ecological service in Qilian Mountain area was 0.85 after
adjustment according to the actual situation.

The service value coefficient of each ecological service function can be calculated as
follows [41]:

VCij = Ec· fij, (5)

where VCij is the coefficient of the jth ecological service value of the ith land use type
(dollar/hm2·a), and fij represents the equivalent factor of the jth ecological service value
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of the ith land use type. From 2000 to 2019, the average grain output of Qilian Mountain
National Park (Gansu Area) was 66,009.02 kg/hm2, and in 2019, the average grain price
of the seven counties (districts) of Qilian Mountain National Park (Gansu Area) was
4.26 USD/hm2, while the value of ecosystem services in Qilianshan National Park (Gansu
Area) was calculated as 38,587.18 USD/hm2. Furthermore, the value of ecosystem services
in the study area was calculated [41]:

ESV = ∑n
i=1(Ak × VCk) ESVf = ∑n

i=1

(
Ak × VCjk

)
, (6)

where ESV and ESVf are the total value of ecosystem services and the functional value of
the f -service, respectively. Ak represents the area of land use type k (hm2). VCk and VCjk
are the ecosystem service value coefficient and the f -service function value coefficient for
land use type k, respectively.

3.2.3. Sensitivity Analysis

This paper used the Coefficient of Sensitive (CS) index commonly used in economics
to reveal the dependence of the value index on the change of ecosystem service value over
time, so as to reduce the uncertainty of the results. According to CS, to better verify the
stability of the change trend and characteristics of the total value of ecosystem services
in Qilian Mountain National Park (Gansu area) from 2000 to 2019. In this paper, CS was
calculated by increasing or decreasing the ecological service value coefficient VC by 50%
for each land use type [42].

CS =

∣∣∣∣∣∣
(
ESVj − ESVi

)
/ESVi(

VCjk − VCik

)
/VCik

∣∣∣∣∣∣, (7)

where VCik and VCjk represent the value coefficient of ecological services per unit area of
Category k ecosystems before and after adjustment. ESVi and ESVj represent the total value
of ecological services before and after the adjustment, respectively. CS is the sensitivity of
the value coefficient of each ecosystem service in the study area. If CS > 1, ESV is elastic to
VC, the accuracy of the value coefficient is poor, and the confidence is low. If CS < 1, ESV is
not elastic to VC and the results are credible.

4. Results

4.1. Change Characteristics of Land Use Degree
4.1.1. Land Use Change Characteristics

From 2000 to 2019, Qilian Mountain National Park (Gansu Area) was mainly divided
into four phases of arable land, forest land, grassland, water, unused land, construction, and
glacier five types of land use types. Specifically, there were mainly the following aspects:

In the study periods of 2000, 2005, 2010, 2015, and 2019, different land types in Qilian
Mountain National Park (Gansu Area) changed to varying degrees according to the remote
sensing monitoring dataset of land cover change in China, mainly as follows: The area
of unused land continued to increase, and the area of forest land, glacial snow cover,
and construction land fluctuated and increased. The fluctuation of cultivated land and
grassland area decreased. Specifically, the proportion of unused land increased from 35.21%
(1,075,888.26 hm2) in 2000 to 36.43% (1,122,641.01 hm2) in 2019. The proportion of forest
land increased from 5.18% (158,374.26 hm2) in 2000 to 11.37% (350,380.26 hm2) in 2019,
the proportion of glacial snow area increased from 0.29% (8892.72 hm2) in 2000 to 3.34%
(102,892.68 hm2) in 2019, the proportion of construction land increased from 0.0015% in 2000
(46.08 hm2) to 0.0048% (147.60 hm2) in 2019, the proportion of cultivated land decreased
from 0.31% (9324.27 hm2) in 2000 to 0.28% (8717.04 hm2) in 2019, and the proportion
of grassland area decreased from 58.4668% (1,786,700.07 hm2) in 2000 to 48.34% in 2019
(1,489,829.58 hm2) (Table 2).
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Table 2. Changes in land use area and proportion of Qilian Mountain National Park (Gansu Area)
from 2000 to 2019 (units: hm2, %).

Land Use
Types

Area and Proportion 2000–2019
Rate of Change/%

Dynamics of
Single Land

Use/%2000 2005 2010 2015 2019

Farmland
9324.27 12,627.63 9274.59 9231.30 8717.04 −6.51

−0.02
0.31% 0.40% 0.30% 0.30% 0.28%

Forestland
158,374.26 457,176.42 164,074.86 319,009.05 350,380.26

121.24
0.30

5.18% 14.66% 5.26% 10.2883% 11.37%

Grassland
1,786,700.07 1,166,820.21 1,613,574.54 1,468,309.32 1,489,829.58 −16.62

−0.04
58.47% 37.42% 51.72% 47.35% 48.34%

Water
16,695.90 17,494.11 6078.24 113,096.97 7452.81 −55.36

−0.14
0.55% 0.56% 0.19% 3.65% 0.24%

Built-up area 46.08 58.41 22.59 88.47 147.60
220.31

0.55
0.0015% 0.0019% 0.0007% 0.0029% 0.0048%

Unused land
1,075,888.26 1,389,957.39 1,219,935.60 1,103,931.09 1,122,641.01

4.35
0.01

35.21% 44.57% 39.11% 35.60% 36.43%

Glacial snow
8892.72 74,350.26 106,632.45 87,024.51 102,892.68

1057.04
2.64

0.29% 2.38% 3.42% 2.81% 3.34%

From the perspective of land use structure, grassland was the main one, followed by
unused land, forest land, and glacial snow cover, with annual average area ratios of 48.66%,
38.18%, 9.35%, and 2.45%, respectively, while the annual average area ratios of cultivated
land and construction land were 0.32% and 0.0023%, respectively. In terms of change rate
and up, the change range was 1057.04%, 220.31%, and 121.24%, and the dynamic degree of
single land use was 2.64%, 0.55%, and 0.30%, respectively (Figure 3).

4.1.2. Land Use Change Characteristics

In this paper, with reference to the land use intensity grading method [35,43], the use
intensity of the land use type in the study area was divided into five levels and assigned the
corresponding index in Formula (1), with the specific land use degree detailed in Table 3.

Table 3. Assignment table for land use intensity ratings.

Unused Land (Glacial Snow) Water Forestland (Grassland) Farmland Built-Up Area

Degree of land use 1 2 3 4 5

According to the actual situation of the study area and the division of land use intensity
grades in existing studies, this paper divided them into five levels, assigned them to the
grades, and obtained the land use intensity index and its changes in the four phases of
Qilian Mountain National Park (Gansu Area) in 2000, 2005, 2010, 2015, and 2019 (Table 4).

Table 4. Land use intensity and rate of change in Qilian Mountain National Park (Gansu Area).

Land Use Intensity Index
Amount of Change in the Land

Use Intensity Index
Rate of Change in Land Use Intensity

2000 2.2877 — —
2005 2.0594 −0.2283 −9.98%
2010 2.1506 0.0912 4.43%
2015 2.1984 0.0478 2.22%
2019 2.2052 0.0069 0.31%
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Figure 3. Land use status of Qilian Mountain National Park (Gansu Area) from 2000 to 2019.
a-e represent the current status of land use in 2000, 2005, 2010, 2015, and 2019, respectively.
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The variation range of Qilian Mountain National Park (Gansu Area) was large during
the study period, and the change range of each study period was very different, but the
land use intensity index was very low. Analysis of the results calculated according to
Formulas (2) and (3), The land use intensity indices and their changes for the five periods
2000, 2005, 2010, 2015, and 2019 are shown in Table 5.

Table 5. Contribution rate of land use intensity by land type in Qilian Mountain National Park
(Gansu Area).

Farmland Forestland Grassland Water Built-Up Area Unused Land Glacial Snow

2000–2005 0.3271 1.8288 −0.3600 0.0268 0.2421 0.2660 7.1931
2005–2010 −0.2658 −0.6412 0.3824 −0.6527 −0.6134 −0.1226 0.4337
2010–2015 0.0014 0.9561 −0.0845 17.7203 2.9402 −0.0896 −0.1789
2015–2019 −0.0500 0.1050 0.0208 −0.9337 0.6784 0.0231 0.1895
2000–2019 −0.0731 1.1936 −0.1732 −0.5574 2.1760 0.0346 10.4723

From the study period from 2000 to 2019, the contribution rate of forest land, construc-
tion land, unused land, and glacial snow cover was positive, while for cultivated land,
grassland, and water area, it was negative. The contribution rate of glacial snow cover was
10.4723, and the contribution rate of construction land and forest land was also relatively
large and positive, indicating that during the study period, a very small portion of arable
land, grassland, and water areas in Qilian Mountain National Park (Gansu Area) was
developed or developed into glacial snow, construction land, or woodland. Specifically:

First, from 2000 to 2005, the contribution rate of arable land, forest land, water area,
construction land, unused land, and glacial snow cover was positive, only grassland
contributed negatively. The contribution rate of glacial snow cover was the largest at
7.1931, and the contribution rate of forest land and cultivated land was 1.8288 and 0.3271,
respectively. This shows that from 2000 to 2005, grassland was developed or developed
into arable land, forest land, water, construction land, unused land, or glacial snow.

Second, from 2005 to 2010, the contribution rate of grassland and glacial snow cover
was positive, while the contribution rate of cultivated land, forest land, water area, con-
struction land, and unused land was negative, and the contribution rate of water area
was the largest and negative. This indicates that from 2000 to 2005, arable land, forest
land, water areas, construction land, and unused land were developed or developed into
grassland or glacier snow.

Third, from 2010 to 2015, the contribution rate of arable land, forest land, water area,
and construction land was positive, while the contribution rate of grassland, unused land,
and glacial snow cover was negative, and the contribution rate of water area was the largest
and positive. This illustrates that grassland, unused land, and glacial snow cover were
developed or developed into arable land, forest land, water area, or construction land.

Fourth, from 2015 to 2019, the contribution rate of forest land, grassland, construction
land, unused land, and glacial snow cover was positive, while the contribution rate of
cultivated land and water area was negative, and the contribution rate of construction land
was the largest and positive. This shows that, from 2015 to 2019, cultivated land and water
areas were developed or developed into forest land, grassland, construction land, unused
land, or glacier snow.

4.2. The Value of Ecosystem Services
4.2.1. The Temporal Variation Characteristics of the Total Value of the Service

From the perspective of the total value of ecosystem services of land types, the to-
tal value of ecosystem services in Qilian Mountain National Park (Gansu Area) from
2000 to 2019 showed a trend of fluctuation with an increase, with an overall increase of
990.2085 billion USD according to Formulas (4)–(6).
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First, the total value of services increased from 542.1147 billion USD in 2000 to
3521.2048 billion USD in 2015, an increase of 182.66%, and then dropped to 1532.3232 billion
USD in 2019, a decrease of 54.68%, showing a clear inverted “U” growth trend (Table 6).

Table 6. The total value and proportion of ecosystem services of each land type in Qilian Mountain
National Park (Gansu Area) and the corresponding changes.

Total Value of the Service and Percentage

2000 2005 2010 2015 2019

Farmland 0.4844 0.09% 1.2263 0.14% 1.9925 0.10% 2.2898 0.06% 1.3488 0.09%
Forestland 46.7240 8.62% 252.0863 27.94% 200.1601 9.91% 449.3289 12.76% 307.8546 20.08%
Grassland 455.8161 84.08% 556.3551 61.65% 1702.1868 84.26% 1788.3872 50.79% 1131.9449 73.87%

Water 37.9062 6.99% 74.2339 8.22% 57.0635 2.82% 1225.9076 34.81% 50.3932 3.29%
Unused land 0.0007 0.01% 0.0016 0.01% 0.0013 0.01% 0.0061 0.01% 0.0062 0.01%
Glacial snow 1.1833 0.21% 18.4907 2.04% 58.6723 2.90% 55.2853 1.57% 40.7754 2.66%

Total 542.1147 100% 902.3941 100% 2020.0764 100% 3521.2048 100% 1532.3232 100%

Amount of Change

2000–2005 2005–2010 2010–2015 2015–2019 2000–2019

Farmland 0.7417 0.7664 0.2972 −0.9411 0.8644
Forestland 205.3623 −51.9262 249.1688 −141.4742 261.1306
Grassland 100.5390 1145.8315 86.2005 −656.4423 676.1288

Water 36.3277 −17.1704 1168.8439 −1175.5144 12.4869
Unused land 0.0009 −0.0003 0.0046 0.0003 0.0057
Glacial snow 17.3075 40.1814 −3.3868 −14.5100 39.5920

Total 360.2794 1117.6823 1501.1284 −1988.8816 990.2085

Second, from the perspective of the total value, the total value of all types of land
types showed an increasing trend, with the largest total value for grassland, the smallest
and largest increase for unused land, and the smallest increase for water areas. First, the
total value of grassland was the largest and showed an increasing trend, increasing from
455.8161 to 1131.9449 billion USD, an increase of 148.33%, with the average proportion
being 70.9316%. Second, the total amount of unused land was the smallest, but its increase
was the largest—that is, from 0.0007 billion USD in 2000 to 0.0062 billion USD in 2019,
an increase of 853.95%. Third, the total value of water areas increased the least, from
37.9062 billion USD in 2000 to 50.3932 billion USD in 2019, an increase of 32.94% (Table 6).

4.2.2. Spatial Variation Characteristics of the Total Service Value

From the perspective of the spatial total ecosystem service value of land type, the total
ecosystem service value of Qilian Mountain National Park (Gansu Area) from 2000 to 2019
showed the characteristics of high northwest and low southeast values. In 2000, it was
mainly high in the Western Arctic, while other regions were mainly moderately distributed.
In 2005, it was mainly high in the west and arctic, while other regions were low and very
low. In 2010, it was dominated by extremely high in the northwest, and in 2015, it was
basically the same as in 2010. In 2019, the northwest was dominated by extremely high, the
middle region was dominated by very low, and the southeast region was dominated by
medium and low values (Figure 4).

4.2.3. The Function of the Service and the Changing Characteristics of the Value of the
Individual Service

The service functions of Qilian Mountain National Park (Gansu Area) were analyzed
from the perspective of supply, regulation, support, and cultural services, mainly based
on regulation services, followed by support, supply, and cultural services, all showing
obvious growth trends, increasing by 181.77%, 183.90%, 196.19%, and 170.38%, respectively
(Table 7).
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Figure 4. Value characteristics of land ecosystem services in Qilian Mountain National Park (Gansu
area), 2000–2019. (a–e) represent the value characteristics of land ecosystem services in 2000, 2005,
2010, 2015, and 2019, respectively. I–V mainly represent the intensity ranking of the total value of
ecosystem services from low to high, classified according to the five-level natural fracture method in
ArcGIS software.
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Table 7. Total value and proportion of ecosystem services by land type in Qilian Mountain National
Park (Gansu Area) and the corresponding changes (billion USD %).

Service Features Supply Services Conditioning Services Support Services Cultural Services

2000
34.8308 356.9154 125.0125 25.3560

6.42 65.84 23.06 4.68

2005
60.1541 599.3683 203.6830 39.1886

6.67 66.42 22.57 4.34

2010
137.2245 1323.3005 466.6521 92.8994

6.79 65.51 23.1 4.6

2015
238.6677 2489.8058 642.5233 150.2079

6.78 70.71 18.25 4.27

2019
103.1654 1005.6898 354.9110 68.5569

6.73 65.63 23.16 4.47

2000–2019
Amount/rate of change

68.3346 68.3346 68.3346 68.3346

196.19% 181.77% 183.90% 170.38%

From 2000 to 2019, the single service functions of Qilian Mountain National Park
(Gansu Area) were mainly based on climate, water, and soil regulation and remained
basically stable, accounting for an average of 24.04% and 25.63%. Meanwhile, soil con-
servation, diversity, gas regulation, environmental purification, aesthetic landscape, raw
material production, water supply, food production, and nutrient cycling accounted for
10.87%, 10.34%, 8.95%, 8.20%, 4.47%, 2.57%, 2.47%, 1.64%, and 0.82%, respectively. In
terms of the proportion of total ecological service value, the proportion of total ecological
service value basically maintained a growth trend, except for air purification, water and
soil regulation, soil conservation, diversity, and aesthetic landscape, while the proportion
of other individual service functions showed a growth trend (Table 8).

Table 8. Total value of ecosystem services by land type in Qilian Mountain National Park (Gansu
Area) and the corresponding proportion (billion USD %).

Service
Features

Individual
Service

Features
2000 2005 2010 2015 2019

Amount of
Change

(2000–2019)

Rate of
Change

(2000–2019)

Supply
services

Food
production

9.6633 14.6791 36.1903 45.2447 26.4925
16.8292 174.16%

1.78% 1.63% 1.79% 1.28% 1.73%

Raw material
production

14.6270 24.1152 55.0894 70.2096 42.1374
27.5105 188.08%

2.70% 2.67% 2.73% 1.99% 2.75%

Water supply
10.5405 21.3599 45.9448 123.2134 34.5355

23.9950 227.65%
1.94% 2.37% 2.27% 3.50% 2.25%

Subtotal 34.8308 60.1541 137.2245 238.6677 103.1654 68.3346 196.19%

Conditioning
services

Gas
conditioning

51.1063 83.3408 193.1937 245.3344 146.7329
95.6266 187.11%

9.43% 9.24% 9.56% 6.97% 9.58%

Climate comfort
136.0364 227.8777 516.8104 644.0117 398.0173

261.9808 192.58%
25.09% 25.25% 25.58% 18.29% 25.97%

Clean-up
operation

45.9109 74.8265 170.1298 260.4256 129.0871
83.1762 181.17%

8.47% 8.29% 8.42% 7.40% 8.42%

Soil–water
regulation

123.8618 14,713.76 30,566.97 92,427.52 22,889.19
14,345.9491 167.92%

22.85% 23.64% 21.94% 38.06% 21.66%

Subtotal 356.9154 599.3683 1323.30 2489.806 1005.69 648.7744 181.77%
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Table 8. Cont.

Service
Features

Individual
Service

Features
2000 2005 2010 2015 2019

Amount of
Change

(2000–2019)

Rate of
Change

(2000–2019)

Support
services

Soil
conservation

62.2532 101.1645 234.1863 297.6786 177.9187
115.6654 185.80%

22.85% 23.64% 21.94% 38.06% 21.66%

Nutrient cycling
4.6870 7.6643 17.6358 22.5078 13.4347

8.7477 186.64%
0.86% 0.85% 0.87% 0.64% 0.88%

Diversity
58.0724 94.8543 214.8300 322.3370 163.5577

105.4854 181.64%
10.71% 10.51% 10.63% 9.15% 10.67%

Subtotal 125.0125 203.6830 466.6521 642.5233 354.9110 229.8985 1.8390

Cultural
services

Aesthetic
landscape

25.3560 39.1886 92.8994 150.2079 68.5569
43.2010 170.38%

4.68% 4.34% 4.60% 4.27% 4.47%

Subtotal 25.3560 39.1886 92.8994 150.2079 68.5569 43.2010 170.38%

4.3. Sensitivity Analysis

According to the sensitivity analysis in Formula (7) of the 50% increase in the value
coefficient of ecological services, the sensitivity index of different land use types was very
different, but there was little difference between different years of the same type, and the
sensitivity index was less than 1. Among them, grassland had the largest sensitivity index,
while arable land had the lowest sensitivity index. The total value of ecosystem services in
the study area was not elastic to the value coefficient, so the value coefficient used in this
calculation was suitable for Qilian Mountain National Park (Gansu Area), and the results
are credible (Table 9).

Table 9. Ecosystem service value sensitivity index by land type in Qilian Mountain National Park
(Gansu Area).

Amount of Change

2000 2005 2010 2015 2019

Farmland (VC ± 50%) 0.00089 0.00136 0.00099 0.00065 0.00088

Forestland (VC ± 50%) 0.08619 0.27935 0.09909 0.12761 0.20091

Grassland (VC ± 50%) 0.84081 0.61653 0.84263 0.50789 0.73871

Water (VC ± 50%) 0.06992 0.08226 0.02825 0.34815 0.03289

Unused land (VC ± 50%) 0.00000 0.00000 0.00000 0.00000 0.00000

Glacial snow (VC ± 50%) 0.00000 0.00000 0.00000 0.00000 0.00000

5. Discussion

(1) First, the land use of Qilian Mountain National Park (Gansu Area) was mainly
grassland from 2000 to 2019, followed by unused land, forest land, and glacial snow, with an
annual average area ratio of 48.66%, 38.18%, 9.35%, and 2.45%, respectively, during which
the largest variation of glacial snow cover occurred. From 2000 to 2020, the area of water
bodies increased significantly, and the desert area decreased significantly in Sanjiangyuan
National Park [44], while the changes in Qilian Mountain National Park (Gansu Area) were
mainly glacial snow, construction land, and forest land, reflecting that Qilian Mountain
National Park (Gansu Area) has low human interference factors and obvious originality
and integrity characteristics. It shows that the construction and self-repair ability of the
ecosystem of Qilian Mountain National Park (Gansu Area) continue to improve, provide
high-quality system service resources for the construction of the national park, provide
original natural landscape, provide a more intuitive landscape system for further exerting
its ecosystem service value, which is conducive to the development of a green industrial
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system based on sightseeing and tourism, and lay the foundation for the optimization of
the ecosystem for the construction of the national park.

(2) Second, the contribution rate of forest land, construction land, unused land, and
glacial snow cover in Qilian Mountain National Park (Gansu Area) from 2000 to 2019 was
positive, while that of cultivated land, grassland, and water area was negative. Among
them, the contribution rate of glacial snow cover was 10.4723, and the contribution rate
of construction land and forest land was relatively large and positive. Conversely, the
grassland and water bodies of Sanjiangyuan National Park contributed greatly to the
ecological environment of the park [45], and the evolution of land use types was related
to the value of ecosystem services. This shows that a very small portion of arable land,
grassland, and water areas in Qilian Mountain National Park (Gansu Area) has been
developed or developed into glacial snow, construction land, or woodland, which reflects
the integrity of the system. This poses a new challenge to how to realize the protection of
ecosystem integrity in the construction of national parks, not only focusing on strengthening
the authenticity and integrity protection of natural ecosystems in the process of national
park construction but also putting forward a more severe test for the path of utilization.

(3) Third, the ESV in Qilian Mountain National Park (Gansu Area) from 2000 to 2019
showed a fluctuating growth trend on the whole, demonstrating the characteristics of high
northwest and low southeast values, and showed opposite spatial characteristics with the
characteristics of a high value in the northeast and a low value in the northwest of the
ecosystem service value of the Yangtze River Source Park and Lancang River Source Park,
The Yellow River Source Park presented the characteristics of a high value in the west
and a low value in the east. [46]. Qilian Mountain National Park (Gansu Area) had the
largest total grassland value, the smallest unused land value, and the smallest increase in
water area. Regulating services, followed by support services, supply services, and cultural
services, all showed a clear growth trend, increasing by 181.77%, 183.90%, 196.19%, and
170.38%, respectively. It shows that as an important ecological barrier in the western region
of China, the Qilian Mountains play an important role in the regulation of the overall
environment, and at the same time, with the opportunity of developing eco-tourism in the
western region, the cultural service function of the Qilian Mountains ecosystem is well
played, and the construction results of the national park are shared by the whole people.

(4) Fourth, this article took the comprehensive services of Qilian Mountain National
Park (Gansu Area) as the mainstay, giving full play to the four major service functions of
supply, regulation, support, and cultural services, maintaining ecological security, ensuring
ecological regulation functions, providing products for a good living environment, estab-
lishing a sound long-term ecological compensation mechanism to help provide financial
guarantee for the park [47], taking the development of low-carbon economy and circular
economy as the main idea, and building direct product supply. The industrialization
development path of national parks with indirect product supply and basic guarantee
appropriately develops the construction of direct market and life-oriented product systems
for agricultural production, forestry services, animal husbandry production, and fishery
production according to the characteristics of the region. Agricultural production mainly
relies on the natural conditions of the region to develop the production of wheat, corn,
vegetables, fruits, and other green agriculture, meet the basic needs of the region, and the
most suitable development of large-scale agricultural seed production and production base.
Develop a forestry service system focusing on forestry breeding and renewal and better
realize the breeding and renewal of forest land. In turn, high-quality natural ecosystems are
used to develop circular pastoral production and suitable fishery production. In addition,
it extends and cultivates business systems such as accommodation and catering, leisure
vacation, culture and art, and fitness and leisure activities, such as the development of
campsite products, ecological catering services, and other green and ecological tertiary
industry service systems. Similarly, effective conversion mechanisms for ecosystem goods
and markets should be combined and considers the use of carbon sink compensation
mechanisms and ecological banks in the process of consumption or marketization of these
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products. Through the systematic and intelligent sustainable use of the ecosystem of Qilian
Mountain National Park (Gansu Area), we can better help the construction of national parks
and become an area jointly built and shared by the people. In particular, the construction
of national parks is more prominent in the construction of the people’s sharing mechanism
for construction results, paying attention to the integrity of the ecosystem and paying
more attention to the realization of its added value and maximizing its benefits. Build
a mechanism for mutual coordination and unification of direct product supply, indirect
product supply and basic security system, and explore the construction of a sustainable
industrial system with the goal of human and natural communities. Combined with the
actual situation and industrial characteristics of China’s national park construction, fully
tap the cultural supply capacity of ecosystem services, provide direct product supply, such
as agriculture, forestry, animal husbandry, and fishery, explore diversified indirect product
supply, such as accommodation and catering, leisure vacation, culture and art, fitness and
leisure activities, and more direct, systematic, and intelligent protection and supervision
systems, so as to realize the effective docking of product supply and sustainable utilization
(Figure 5).

 

Figure 5. Industrial system construction diagram.

6. Conclusions

Based on the equivalent factor of ecosystem services, this paper calculated the ecosys-
tem value of Qilian Mountain National Park (Gansu Area) by assetization, which provides
theoretical support for its market-oriented development. From 2000 to 2019, the land use
of Qilian Mountain National Park (Gansu Area) was mainly grassland, during which the
largest change in glacial snow cover occurred. The value of ecosystem services in 2019 was
1532.32 billion USD, showing a clear inverted “U” growth trend, taking the development
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of the low-carbon and circular economies as the main idea, and putting forward the path of
marketization or industrialization development of national parks. However, it is mainly
based on the analysis of economic equivalent factors, and more GEP and other methods
should be used in the process of method selection for in-depth research and exploration,
and the research area is mainly selected for the study of Qilian Mountain National Park
(Gansu Area), and the comparative study with Qinghai Area and Qilian Mountain National
Park should be considered, and the actual development of the industry in the region should
be explored in depth.

This paper studied the calculation of the total value of ecosystem services in Qilian
Mountain National Park (Gansu Area) from 2000 to 2019, which needs to be combined with
the new framework of the environmental–economic accounting–ecosystem accounting
(SEEA EA) officially adopted by the United Nations in 2021 and China 2020. The annual
compilation of the gross ecosystem product (GEP) calculation guide further deepens the
value research of ecosystems, and the value comparison of different internal regions should
also be studied in depth.
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Abstract: The harmonious coexistence of man and nature is the primary goal of the establishment of
national parks. Creating an ecological service supply model that takes into account the efficiency of
ecological services, the fairness of residents’ livelihoods, and the reasonable distribution of rights
and responsibilities is an important way of achieving that goal. China’s Northeast Tiger and Leopard
National Park (NTLNP) is a typical national park with state-owned forest land as the main body.
Before the establishment of the national park, state-owned forest enterprises (SOFEs) and local
government forest departments (LGFDs) were always the undertakers of ecological services. Issues
such as the distribution of rights and responsibilities between the NTLNP Administration, SOFEs, and
LGFDs and the livelihood of forest workers need to be resolved urgently. This study takes the NTLNP
as the study area and constructs a model of government purchasing of ecological services. The
main results show the following: (1) The driving factors of the government purchasing of ecological
services are increasing the workload of ecological services, the need for workforce transfer, and the
optimization of subsidy standards. (2) In the construction of the responsibility system, the NTLNP
Administration is the purchaser, SOFEs and Protection Stations are the undertakers, and groups
such as third-party institutions and the public are the Supervisors and Evaluators. (3) Setting the
purchase price in 2022 at CNY 47,654.44 per person while maintaining an average annual growth
rate of 6.10% will match the per capita wage income level of urban workers nationwide in 2035.
Based on the research results, it is proposed that payment for ecosystem services (PES) and ecological
compensation (EC) have mature research paradigms in solving the problems of efficiency and
fairness, but government purchasing of ecological services is a more appropriate policy tool in terms
of arranging rights and responsibilities. This study attempts to construct a model of government
purchasing of ecological services in order to provide a useful reference for national parks with
state-owned land as the main body.

Keywords: Northeast Tiger and Leopard National Park (NTLNP); government purchasing of ecological
services; payment for ecosystem services (PES); ecological compensation (EC); state-owned forest
enterprises (SOFEs)

1. Introduction

For national parks with state-owned land as the main body, the government is usu-
ally the provider of ecological services. Across the world, land in most national parks
is owned by the central or federal government [1]. The provision of ecological services
by the government is one of the best ways to solve the problem of positive externalities
of ecological services. However, the government still faces many problems in providing
ecological services. First, the government is not only the provider but also the producer
of ecological services and faces the problem of low efficiency [2]. For example, national
park management departments are scattered, and the management objectives of various
departments are mixed, resulting in weakened protection power; national parks directly
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managed by local governments are prone to the problem of focusing on development and
ignoring protection [3]. Second, the government has strict ecological protection responsibil-
ities. If the traditional production and lifestyle of residents in the national park is restricted
and alternative approaches have not been formed, strict protection will have a negative
impact on residents’ income [4–6]. Third, there is the problem of distribution of rights and
responsibilities between the government and multi-stakeholders after the establishment of
the national park [7,8]. Therefore, it is of great functionality and research significance to
explore an ecological service supply model that takes into account the efficiency of supply-
ing ecological services and improves residents’ livelihood and the sensible distribution of
rights and responsibilities.

China’s Northeast Tiger and Leopard National Park (NTLNP) is a typical national
park dominated by state-owned land, the main protection targets are forest ecosystems
with Siberian tigers and Siberian leopards as flagship species. From the early days
of the founding of the People’s Republic of China in 1949 to the establishment of the
NTLNP, the ecological services within the NTLNP have mainly been undertaken by
the state-owned forest enterprises (SOFEs) (also known as Forest Bureau) and the local
government forest departments (LGFDs). The workers of SOFEs and LGFDs who are
engaged in afforestation, tending, and management are the most direct producers of
ecological services. After the establishment of the NTLNP, problems related to the supply
of ecological services gradually surfaced. First, the wage income level of the workers
who engaged in ecological services in the NTLNP is lower than that of workers in the
same province and across the country, and significantly lower than that of on-the-job
workers in the forest and grass industry1. By comparing the income sources of sample
worker families engaged in ecological services inside and outside the NTLNP, it was
found that the wage income level of workers and families engaged in ecological services
within the NTLNP is lower than that of worker families engaged in ecological services
outside the park [9]. Second, because the protection and management of various natural
resource assets in the park and the control of land and space use are all performed by
the NTLNP Administration [10], the distribution of rights and responsibilities between
the NTLNP Administration, SOFEs, and LGFDs must be clearly defined. Therefore, the
NTLNP urgently needs to construct an ecological services supply model that embeds
ecological, social, and management goals.

Government purchasing of public services is a means to improve government admin-
istrative efficiency and the quality of public services. It is widely used in promoting social
justice and improving the environment [11]. This study is based on the first-hand data
obtained from an investigation of the NTLNP in 2020, based on the theory of government
purchasing of public services. The government purchasing of ecological services model
is constructed with the five following components: institutional environment analysis,
driving factor analysis, responsibility system construction, purchase price strategy, and the
whole process evaluation chain. It attempts to address the following three core questions:
(1) Why purchase?—Analyze the drivers of government purchases of ecological services.
(2) How to purchase?—Clarify the distribution of rights and responsibilities of multiple
stakeholders in the government’s purchasing of ecological services. (3) How much?—
Develop pricing strategies for government purchases of ecological services. Solving the
above problems is of great significance for constructing a government purchasing ecological
services model that can be used as a reference.

The government purchasing of ecological services is still in the exploratory stage in
terms of theoretical system construction and practical operation. Compared with the lit-
erature, the marginal contribution of this study is mainly reflected in the following three
aspects: (1) Based on the research question, we explore the model of government pur-
chasing of ecological services, and further clarify the elements of the model. The current
international concept that is most similar to the government purchasing of ecosystem
services is government-funded payment for ecosystem services (PES) [12]; China’s Slop-
ing Land Conversion Program and Natural Forest Protection Program are representative
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of such PES projects [13]. Current research themes focus on the effect evaluation after the
implementation of the project [14–16]. There are no studies specifically addressing nor-
mative processes for government-funded PES projects. (2) From a theoretical perspective,
most existing studies are based on the idea of ecological economics and take the Coase
Theorem and Pigou Theory as their theoretical foundation. The research perspective is
how to incentivize and compensate producers of ecological services. The research on PES
represented by Wunder has formed a mature analytical framework [17]. It is applicable
to situations where the beneficiaries of ecosystem services are easily defined. There is a
lack of research on government-funded PES, which is difficult for users to identify and
define. This study focuses on the theoretical basis of public economics. The research is
based on the creation of a policy tool that embeds ecological, social, and management
objectives. It is more applicable to the issue of the supply mode of ecological services
in national parks under state-owned property rights. (3) In terms of research method,
based on the minimum wage standard method and the opportunity cost method, this
study formulates a pricing plan for the government purchasing of ecological services.
This plan includes aspects ranging from meeting the basic living needs of ecosystem
service producers to covering their opportunity costs. The connotation of the price of
government purchasing of ecological services and the standard of EC are similar. The
calculation methods of EC standards can be roughly divided into two types: based on
the results of ecological services [18–20] and the opportunity cost of, or willingness to
pay, personnel engaged in ecological services [21–23]. However, there is no precedent for
formulating compensation standards from the perspective of meeting the decent living
needs of ecological services practitioners. There is also no decision-making range and de-
velopment space that can be used as a reference for the price setting of the government’s
purchasing of ecological services.

The rest of this study is structured as follows. Section 2 provides the research back-
ground, research area, theoretical analysis framework, data, and methods. Section 3
elaborates the research results for five components: institutional environment analysis,
driving factor analysis, responsibility system construction, purchase price strategy, and the
whole process evaluation chain. Section 4 provides a discussion of the results, and Section 5
sets out conclusions and policy implications.

2. Materials and Methods

2.1. Research Background

Based on the experience of developed countries in the management of nature reserves
over the past 100 years, China proposes to establish a national park system. Since 2016,
China has successively launched 10 national park system pilots, including Sanjiangyuan,
Wuyishan, and Siberian Tiger and Leopard, involving 12 provinces. The ownership by the
whole population of natural resource assets in the national parks is exercised by the central
government and provincial governments at different levels. Among them, the ownership of
natural resource assets owned by the whole population in the NTLNP is directly exercised
by the central government.

After a five-year pilot period, in October 2021, China announced the official estab-
lishment of the first batch of five national parks: Sanjiangyuan, Giant Panda, Siberian
Tiger and Leopard, Hainan Tropical Rainforest, and Wuyi Mountain (Table 1). The
protected area is about 230,000 km2, covering 30% of China’s terrestrial national key
protected wildlife species. Ecological services such as wildlife monitoring and protection,
forest tending and patrolling, grazing prohibition and restoration of grasslands, and
publicity and education of conservation concepts within the park require a lot of human
capital and capital injection.
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Table 1. Overview of China’s officially established national parks.

National Park
Geographical

Location and Area
Land Tenure Land Use Type

Ecological Service Supply
Method

Siberian Tiger
and Leopard

National Park

42◦31′06′′N~44◦14′49′′N
129◦5′0′′E—
131◦18′48′′E

Total area 14,926 km2

State-owned
13,644 km2 (91.41%)
Collective 1282 km2

(8.59%)

Woodland 1431 km2

(95.92%)
Arable land 545 km2

(3.65%)

The national park
administration established

ecological public welfare posts;
SOFE workers, farmers, poor
households, etc. undertake

ecological services.

Giant Panda
National Park

28◦51′03′′N~34◦10′07′′N
102◦11′10′′E~108◦30′52′′E
Total area 27,134 km2

State-owned
19,378 km2 (71.41%)
Collective 7,756 km2

(28.59%)

Woodland 23,231 km2

(85.61%)
Arable land 1809 km2

(6.67%)

The national park
administration jointly handled
by NGOs, local communities,
public welfare foundations,

SOFEs, and other stakeholders
to provide ecological

services [24].

Wuyishan
National Park

27◦31′20′′N~27◦55′49′′N
117◦24′13′′E~117◦59′19′′E

Total area 1001 km2

State-owned 335 km2

(33.4%)
Collective 667 km2

(66.6%)

Woodland 956 km2

(95.50%)
Garden 18 km2

(1.80%)

The national park
administration undertakes

ecological services and
implements unified

management of collective
forest land. One is that the

national park service
purchases the ownership of the
prohibited trees. The second is

to implement “separation of
two rights” national park

agency exercising access rights,
use natural forest logging

subsidy and scenic spot ticket
income as EC funds [25].

Sanjiangyuan
National Park

32◦22′36′′N~36◦47′53′′N
89◦50′57′′E~99◦14′57′′E
Total area 123,100 km2

_

Grassland 86,832 km2

(73.58%)
Rivers, lakes, and

wetlands 29,843 km2

(25.29%)
Woodland 495.2 km2

(0.42%)

The national park
administration has established

ecological management and
protection posts, and

implemented “one post for one
household”, and poor

households living on pastures
undertake ecological

services [26].

Hainan
National Park

18◦33′16′′~19◦14′16′′N
108◦44′32′′E~110◦04′43′′E

Total area 4402 km2

State-owned 3553 km2

(80.7%)
Collective 849 km2

(19.3%)

Woodland 4020 km2

(91.30%)
Garden 178 km2

(4.04%)

The national park
administration undertakes

ecological services, switching
between collective land and
state-owned land in the park.
Taking the natural village as a
unit, the replacement of land
ownership between the place

emigrated to and the place
emigrated from shall be carried

out, all the land collectively
owned by the peasants who
moved from the land will be

transferred to the state, and the
original state-owned land at

the move-in place is
determined to be collectively

owned by farmers [27].

The NTLNP is a typical national park dominated by state-owned land. The land area of
key state-owned forest areas2 The Jilin and Heilongjiang provincial governments hand over
the responsibility of the owner of natural resource assets within the NTLNP to the NTLNP
Administration. The NTLNP is managed according to the vertical management system
of “Administration Bureau–Management Sub-bureau–Protection Station”. The NTLNP
Administration is an agency directly under the State Forest and Grassland Administration
(SFGA), co-located with the Commissioner’s Office of the SFGA in Changchun. The man-
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agement branch is co-located with the SOFEs and the LGFDs. All township governments
and state-owned forest farms within the scope of the national park will establish Protec-
tion Stations, exercising the responsibilities of ecological services within their respective
jurisdictions (Figure 1).

Table 2. The area and number of workers of the management branch included in the NTLNP.

Management
Branch

Affiliated Unit

Area Number of People

Total
Area
(km2)

Included
in the Park
Area (km2)

Proportion
(%)

Total
Number of

People

Number of
People in
NTLNP

Proportion
(%)

Hunchun Bureau Changbai Mountain
Forest Industry Group 4051 2719 67.10% 1754 1226 69.90%

Tianqiaoling Bureau Changbai Mountain
Forest Industry Group 2035 1992 97.90% 3689 2791 75.66%

Wangqing Bureau Changbai Mountain
Forest Industry Group 3042 2952 97.00% 4142 3327 80.32%

Daxinggou Bureau Changbai Mountain
Forest Industry Group 1272 594 46.70% 2454 1884 76.77%

Suiyang Bureau Longjiang Forest
Industry Group 5165 2563 49.60% 4366 1172 26.84%

Muling Bureau Longjiang Forest
Industry Group 2675 679 25.40% 3,928 403 10.26%

Dongjingcheng
Bureau

Longjiang Forest
Industry Group 4180 712 17.00% 6228 586 9.41%

Hunchun Municipal
Bureau

Hunchun Municipal
Government 1403 659 47.00% 147 34 23.13%

Wangqing County
Bureau

Wangqing County
Government 3289 1229 37.40% 1706 1049 61.49%

Dongning Municipal
Bureau

Dongning Municipal
Government 3065 513 16.70% 507 149 29.39%

2.2. Study Area

The study focused on an analysis of the jurisdictions of seven SOFEs included in the
NTLNP. The total area of these is 12,211 km2, accounting for 81.81% of the total area of
NTLNP. The NTLNP is located in the southern part of Laoyeling, where the two provinces of
Jilin and Heilongjiang meet in China. It is the connecting area of the border between China,
Russia, and North Korea. Covering 6 counties (cities), 17 townships, and 105 administrative
villages in Jilin and Heilongjiang provinces, with a total area of 14,926 km2. The physical
coordinates are 42◦31′06′′N-44◦14′49′′N, 129◦5′0′′E-131◦18′48′′E (Figure 2).

Historically, when large virgin forests were not developed, Siberian tigers and leopards
were distributed across the mountain plains of northeast China. With the construction
of the Chinese Eastern Railway in northeast China and war aggression, forest resources
in Northeast China have been severely damaged, the number of Siberian tigers has also
dropped sharply from thousands to about 500 [28]. In the early days of the founding of the
People’s Republic of China in 1949, the forest resources of the state-owned forest areas in
northeast China were important strategic materials. The high-intensity exploitation and
utilization of wood seriously threatens the integrity of the ecosystem, resulting in the near
extinction of the Siberian tiger and leopard in China. In the 1980s, the northeast state-owned
forest area fell into a crisis of recoverable resources and an economic crisis for SOFEs. In
1998, major floods broke out in the Yangtze River, Songhua River, Nen River, and other
basins. To date, key state-owned forest areas in northeast China have begun to implement
natural forest protection projects, which have greatly reduced timber production. In 2015,
the commercial logging of natural forests will be completely stopped, the function of SOFEs
has changed from producing timber to protecting natural forests, the role of forest workers
has also changed from “lumber jacks” to “forest rangers”.
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Figure 1. Organizational structure of the vertical management system of the NTLNP.

2.3. Theoretical Analysis Framework

The government purchasing of public services originated in the western administra-
tive reform movement in the late 1970s, aiming to improve the efficiency of government
administration and the quality of public services. International scholars generally believe
that the connotation of government procurement of public services is similar to outsourc-
ing public service contracts. The representative point of view, as suggested by Savas, is
that “Government purchasing of public services means that the government provides
public services by signing contracts with the private sector or the non-profit sector” [29].
The practice of purchasing public services by the Chinese government originated in 1998
when the Shanghai Pudong New Area Social Development Bureau purchased elderly
care services from the Shanghai Young Men’s Christian Association to improve the effi-
ciency of management of the civic leisure center. Subsequently, the research of Chinese
scholars in the field of government purchasing of public services has gradually increased.
In discussion on the definition of government purchasing of public services based on
China’s national conditions, the most common view, as suggested by Wang, is that “The
government will hand over the public service matters undertaken by itself to professional
enterprises or social organizations through direct funding or public bidding, and finally
pay the service fee according to the quantity and quality of public services provided by
the undertakers” [30]. The concept of government purchasing of public services, a theo-
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retical system based on public goods theory, new public management theory, new public
service theory, governance theory, and transaction cost theory, has gradually formed. Based
on the abovementioned classical public economics theory and following the logical se-
quence of “institutional environment analysis–driving factor analysis–responsibility system
construction–purchase price strategy–whole process evaluation chain”, we developed a
theoretical analysis framework (Figure 3).

Figure 2. Study area.

institutional environment 

driving factor
Ecological 
Social
management system

Responsibility system 
construction

Purchasing content
Puchaser
Subcontractors
Overseer
estimator

Pricing optimization strategy
Current standard
Meet the needs of life
Covering opportunity 
cost

 Why Purchase?  How Purchase?  How much?

  Purchase and review chain

 Next evaluation cycle

Figure 3. Theoretical analysis framework.

• Institutional environment.

First, government purchasing of services is embedded in a certain institutional en-
vironment [31], which is a prerequisite for the smooth implementation of government
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purchasing of ecological services. Research experience shows that different political parties
in some countries have different political preferences for public services providers. For
example, Gradus analyzed the production models of waste collection in all cities in the
Netherlands and concluded that conservative liberals preferred government purchase or
privatization, while Christian Democratic parties held a negative attitude toward privati-
zation [32]. Ferris also suggested that the American Republican Party may be more in favor
of the government purchasing of public services [33]. For China, government purchasing of
public services is one of the most important governance tools, and policy documents issued
by administrative agencies at all levels provide strict implementation and constraints for
the government to purchase public services. For example, government procurement-related
documents issued by the Ministry of Finance of the People’s Republic of China will regulate
the content and boundaries of government purchasing of public services, and national park
development plans formulated by relevant departments such as the SFGA will clearly en-
courage the types of ecological services in which the government purchase public services.
Therefore, giving priority to the institutional environment in which the NTLNP is located
is the guarantee of practical advancement and the basis for theoretical research.

• Why purchase?

Second, the theory of public goods is the theoretical starting point for the government
purchasing of ecological services, and satisfying the public interest is the primary motivation
for the government purchasing of ecological services. All natural resource assets within the
NTLNP are owned by everyone; ecosystem services (such as clean air, clean water) formed
by strict ecological protection in national parks have the attributes of public goods or
quasi-public goods. This ecological benefit has a positive externality to the surrounding
residents and even the whole country [34]. As the beneficiaries of national park ecosystem
services are difficult to define, the government, as the main supplier of ecological services,
can make up for market failures and improve the efficiency of resource allocation. However,
government organizations that integrate supply and production often lead to inefficiencies
in the supply of public services or even bureaucratic systems due to scale imbalances,
while government purchasing of services from social institutions is a cheaper and more
flexible solution [35]. Ostrom proposed two ways for the government to provide public
services: The first is produced by the government’s own officials and workers; at this time,
the government is both the provider and producer of public services. The second is to
pay the funds to social institutions, which provide professional services to citizens. In
this case, the government is the provider of public services, while the social institutions
are the producers [36]. Based on this, Ostrom regarded the interests and needs of citizens
as the primary motivation for the government purchasing of public services. Wang has
a similar view and regards the lack of administrative resources and the limited financial
capacity of local governments as the basic motivation for the government to purchase
public services [30]. Lin pointed out that the more complex the social population, the
greater the residents’ demand for public services [37]. The NTLNP is located in the border
area of northeast China, where the economic development level is underdeveloped and
a large number of agricultural and forestry people are distributed in the area. Therefore,
clarifying the ecological services needs of the public, especially the ecological services needs
of multiple stakeholders within the NTLNP, is the logical starting point for constructing a
government purchasing of ecological services model.

• How purchase?

Third, new public management theory, new public service theory, and governance
theory are the theoretical basis for the construction of the responsibility system in the
government purchasing of ecological services. A perfect responsibility system needs to take
into account social needs and administrative efficiency by building a collaborative platform
for multiple stakeholders. Therefore, the central aim of this study is to reasonably allocate
the rights and responsibilities of the purchaser, undertakers, supervisors, and evaluators.
The practical exploration of developed countries is the root of the evolution of the theory
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of government purchasing of public services, from new public management theory to
new public service theory and governance theory, which reveals research trends shifting
from market value priority to public value priority [38]. In the process of the new public
management movement, new public management theory, which advocates improving
the quality and efficiency of public service supply through market forces, emerged as the
times required [39]. However, overemphasizing market efficiency would be out of touch
with public needs, leading to the destruction of fairness, justice, and citizenship [40,41].
Therefore, Denhardt proposed new public service theory, the active participation of the
public and the negotiation between the government, with the public being regarded as the
prerequisites for the effective operation of government purchasing of public services. How-
ever, the government has reached cooperation agreements with social organizations in the
form of service outsourcing, and it is becoming increasingly difficult to realize the coordi-
nation and orderly management of the public services system [42]. Governance theory has
gradually become a theoretical guide to coordinate the power–responsibility relationship
between participating subjects [43]. Ostrom proposed that a good governance structure
can help reduce the cost of social governance. Governance structures include relationships
within and between organizations, the relationship between organizations includes the
relationship between the government and other social organizations as well as between
its own branches. Public services reform under the guidance of governance theory pays
more attention to the construction of coordination systems between departments behind
public services outsourcing. In this study, the NTLNP involved multiple stakeholders
such as the Administration Bureau, SOFEs and LGFDs, community residents, and social
organizations. Clarifying the rights and responsibilities of multiple stakeholders is the core
link of constructing a government purchasing of ecological services model.

• How much?

Fourth, transaction cost theory aims to optimize the price of government purchasing
of ecological services. Relevant research on the minimum wage theory and the semi-market
theory provides innovative ideas for designing the purchase price range. Williamson di-
vides transaction costs into search costs, information costs, bargaining costs, decision-
making costs, monitoring costs, and default costs. He also proposes that comparing
transaction costs and organizational costs can help the government choose whether to
produce services by itself or purchase services from social institutions [44]. Reducing the
transaction cost is the motivation for the government to optimize the purchase price of
ecological services. This study focuses on the purchase price in the bargaining cost and
divides the purchase price of the government purchasing of ecological services into three
stages: The first stage is the current wage level of workers engaged in ecological services
within the NTLNP. The second stage is to formulate a benchmark price to meet the living
needs of ecological services producers (ecological management workers) based on the min-
imum wage theory. In the third stage, the purchase price to compensate the opportunity
cost of ecological management workers is formulated based on semi-market theory. Marx’s
minimum wage theory is the representative theoretical basis for the establishment of the
minimum wage standard. The minimum wage should consist of the value of the means
of subsistence necessary for the owner of the labor force to sustain themselves and their
descendants [45]. The government purchasing of ecological services is similar to EC. The
relevant theories of ecological compensation standard can be used as the theoretical basis
for the price of government purchasing of ecological services. Among them, the theory of
semi-market theoretical value is the core theory of ecological compensation standard [46].
The semi-market theory can establish the standard of EC when the establishment of the
ecosystem service function market is difficult; the main purpose is to determine the compen-
sation standard from the two aspects of market supply and demand, such as opportunity
costing. This study integrates the classical theories of public economics, labor economics,
and ecological economics to set the price of government purchasing of ecological services,
aiming to meet the needs of the public and reduce government transaction costs.
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• Purchase and review chain

Fifth, new public service theory, transaction cost theory, and governance theory are
the theoretical foundations for designing the whole process evaluation chain. The whole
process evaluation chain runs through the government purchasing of ecological services.
Satisfaction of public demand and efficiency of fund use are the main components of the
evaluation chain, and third-party evaluation is the primary evaluation method. Huang
proposed that government departments should form a comprehensive and transparent
institutional framework for purchasing public services that transcends departmentalism,
and make the public participate in the demand assessment, design, and acceptance of
purchasing services [47]. This study attempts to construct the whole process evaluation
chain of the government purchasing of ecological services according to the characteristics
of the NTLNP. The analysis framework is based on the whole process evaluation chain of
government purchasing of public services constructed by Jiang, which includes project
evaluation, process evaluation, and result evaluation. The chain also includes evaluation
procedures and evaluation methods.

2.4. Data and Methods
2.4.1. Research and Data

The data sources consist of primary data obtained from field research and statistical
yearbook data. The survey data include two parts: the symposium survey data and
the questionnaire survey collection data. The survey was conducted from September to
December 2020.

(1) Symposium survey data. The research object of the symposium is the NTLNP
Administration and its 7 administrative branches. Participants are management cadres
responsible for natural resource management, comprehensive management (financial
planning, personnel management, etc.), and ecological protection and restoration in each
branch. The symposium survey consists of three parts: (i) types and tasks of ecological
services undertaken by ecological management and protection positions within the NTLNP;
(ii) the composition and number of personnel included in the NTLNP and engaged in
ecological services; (iii) salary composition and current standards for personnel assigned to
the NTLNP and engaged in ecological services.

(2) Questionnaire data. The data of the questionnaire come from the “NTLNP Res-
ident Livelihood Survey Project” launched in 2020. The survey uses a combination of
computer-assisted interview techniques (CAPI) and computer-assisted telephone inter-
view techniques (CATI) to conduct structured interviews. A multi-stage random sampling
technique was used for sample selection. First, the level of SOFEs includes seven SOFEs
included in the NTLNP. Secondly, in each SOFE, according to the list of forest farms and
communities, 2 forest farms on the mountain and 1 community under the mountain were
equally selected. Finally, in each sample forest farm and community, 10 worker families
were randomly selected as sample households according to the household registration list.
The structured interview consists of two parts: (i) demographic and sociodemographic
characteristics of the respondents; (ii) living standard of the families of forest workers.
The survey obtained the survey data of 209 sample worker families from 7 SOFEs, among
which are 78 worker families engaged in ecological services. This study focuses on these
78 worker families and their family members. Unfortunately, due to COVID-19, we have
not been able to visit more households engaged in ecological services.

(3) Statistical Yearbook Data. The regional average income level and minimum wage
data come from the Heilongjiang Statistical Yearbook 2020 [48], the Jilin Statistical Yearbook [49],
and the China Forest and Grassland Statistical Yearbook 2020 [50].

2.4.2. Research Methods

Qualitative research and quantitative research were used to analyze the different
sub-problems of the central problem of “constructing the model of government purchasing
of ecological services”. First, in order to answer the question of “the driving factors of the
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government purchasing of ecological services”, qualitative research was used to conduct
textual analysis of the symposium data obtained from field research. From this, we can
interpret the changes in the types and tasks of ecological services in the NTLNP, the
composition and number of personnel assigned to the NTLNP and engaged in ecological
services, and the salary composition of personnel assigned to the NTLNP and engaged in
ecological services with current standards. At the same time, quantitative research was
used to analyze the sample data obtained by the questionnaire survey, and the current
wage income level of the workers who are assigned to the NTLNP and engage in ecological
services was calculated. Second, in order to address the issue of “the distribution of rights
and responsibilities of multiple stakeholders in the government purchasing of ecological
services”, qualitative research was used to analyze the text of policy documents. From this,
the specific requirements of the central government for the participants of the government
purchasing of ecological services can be obtained, and the responsibility system for the
government to purchase ecological services was constructed in combination with the
multiple stakeholders involved in the NTLNP. Finally, in order to answer the question
of “the price at which the government purchases ecological services”, the sample data
obtained from the questionnaire survey were used to formulate a price strategy through
quantitative research.

The pricing strategy is divided into three parts: The first part is the current income
level of the personnel engaged in ecological services obtained according to the survey data.
The second part refers to and improves the minimum wage standard calculation method
specified in Order No. 21 of the Ministry of Labor and Social Security of the People’s Republic of
China; thus, a benchmark price that can fully meet the living needs of the ecological service
workers in NTLNP was calculated. The proportion method was calculated by multiplying
the per capita consumption expenditure of residents of poor households based on the
survey data of urban households by the dependency coefficient of the employed person
and the ratio of wage income to disposable income, plus an adjustment coefficient [51].
Appropriate adjustments were made to the selection of indicators according to the purpose
of the research. The reason for the adjustment is that this study measures the price of
government purchasing of ecological services, and the price should meet or improve the
basic living standards of workers engaged in ecological services, not the minimum wage
standard for poor households. Therefore, the indicators of poor households were replaced
by the indicators of the sample workers engaged in ecological services in the NTLNP, so as
to calculate the benchmark of the purchase price of ecological services through the adjusted
proportion method. The calculation formula is as follows:

M = C × S × B (1)

where M is the annual salary standard of ecological service workers in NTLNP; C is the per
capita expenditure of sample worker families engaged in ecological services in the NTLNP;
S is the per capita support coefficient of sample workers engaged in ecological services;
and B is the ratio of the per capita wage income to the per capita total income of sample
worker families engaged in ecological services in the NTLNP.

The third part, with reference to the opportunity cost method [52], takes the calculation
result of the proportion method as the benchmark price to meet the basic living needs of
workers, and calculates that it will catch up with the average annual growth rate of the
per capita wage income of urban workers in 2035. The difference in wage income level
can reflect the economic losses borne by the workers engaged in ecological services in the
NTLNP due to their restricted development rights. In November 2020, the Proposal of the
Central Committee of the Communist Party of China on Formulating the Fourteenth Five-Year
Plan for National Economic and Social Development and the Vision for 2035 proposed the goal of
doubling the total economic volume or per capita income by 2035. The calculation formula
is as follows:

P1 = P0 × (1 + i)n (2)
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where P1 represents the target salary income value that should be achieved, P0 represents
the benchmark price of government purchasing of ecological services, i is the average
annual growth rate of wages, and n is the number of years required for the increase.

2.4.3. Sample Description

Among the surveyed worker families, there are 78 worker families engaged in ecologi-
cal services, with an average family size of 3 people and a family support coefficient per
capita of 1.82. The wage income of these 78 families from SOFEs accounts for 86.88% of the
total wage income, and the wages of SOFEs are the main source of family livelihood. The
average wage income for SOFEs was CNY 41,056.46, and the average wage income for all
workers was CNY 47,254.54 yuan. The total household income is slightly larger than the
total household expenditure, at CNY 64,028.94 and CNY 62,352.06, respectively (Table 3).

Table 3. Family characteristics of ecological service workers.

Survey Item Mean Std Scope
Frequency

(Sample = 78)
Percentage (%)

Family members 2.62 0.81

1 5 6.41
2 29 37.18
3 37 47.44

4–5 7 8.97

Support coefficient 1.82 0.66

1 12 15.38
1–2 55 70.52
3 9 11.54
4 2 2.56

Salary from Forest
Bureau (CNY) 41,056.46 17,650.14

≤30,000 19 24.36
30,001–60,000 45 57.69
60,001–90,000 12 15.39

≥90,001 2 2.56

Income from salary
(CNY) 47,254.54 20,450.83

≤30,000 16 20.51
30,001–60,000 41 52.56
60,001–90,000 16 20.52

≥90,001 5 6.41

Total income
(CNY) 64,028.94 23,430.11

≤30,000 4 5.13
30,001–60,000 35 44.87
60,001–90,000 25 32.05

≥90,001 14 17.95

Total outcome
(CNY) 62,352.06 42,803.34

≤30,000 10 12.82
30,001–60,000 41 52.56
60,001–90,000 14 17.95

≥90,001 13 16.67

There are 81 workers engaged in ecological services in 78 worker families, and most of
these workers are male, with 66 male workers (81.48%) and 15 female workers (18.52%). The
workers engaged in ecological services are mainly middle-aged groups, with an average
age of 46.07, of which 53 (65.43%) are 45-59 years old. The average number of years of
education for workers is 11.47, and most of them have a high-school and junior high-school
education. The average wage income of workers engaged in ecological services from SFEs
is CNY 33,496.35, the number of workers with wages between CNY 30,001 and 40,000 is 49
(60.49%), and the number of workers ≤ CNY 30,000 is 24 (29.63%) (Table 4).
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Table 4. Characteristics of sample workers engaged in ecological services.

Survey Item Mean Std Scope
Frequency

(Sample = 81)
Percentage (%)

Gender 0.81 0.39
Male 66 81.48

Female 15 18.52

Age 46.07 7.64
25–35 12 14.81
36–44 16 19.76
45–59 53 65.43

Education 11.47 2.42
≤9 30 37.04

10–13 31 38.27
≥14 20 24.69

Salary from Forest
Bureau (CNY) 33,496.35 5932.37

≤30,000 24 29.63
30,001–40,000 49 60.49

≥40,001 8 9.88

3. Results

3.1. Institutional Environment Analysis

The plans and measures related to government purchasing of services issued by
the Ministry of Finance of the People’s Republic of China and the SFGA have created a
favorable institutional environment for the NTLNP to explore government purchasing of
ecological services. In December 2017, the SFGA and the provincial governments of Jilin and
Heilongjiang jointly formulated the General Plan for the Northeast Tiger and Leopard National
Park (2017–2025) (Draft for Comment) (referred to here as the “Plan”) [28] to encourage the
government to purchase ecological services to solve the problems of ecological protection
and improve people’s livelihoods. The 2020 Ministry of Finance of the People’s Republic of
China Order No. 102 Administrative Measures for Government purchasing of Services (referred
to as the “Measures”) formulated detailed implementation rules for government purchasing
of services, providing action guidelines. The details are as follows.

First, the Plan proposes to “explore ways of purchasing services to manage and protect
state-owned natural resource assets”. The specific method is to set up ecological public
welfare posts, and give priority to the state-owned forest areas, forest farm reform, and
diversion of workers, farmers who have abandoned farmland and prohibit grazing, and
poor people who have been filed and registered, so that they can benefit from participating
in the ecological protection and operation of the NTLNP. The Plan clarifies the three
functions of ecological public welfare posts, namely, field patrol, forest tending, and
resource monitoring. For the NTLNP, the government purchasing of ecological services
has the functions of ecological protection and improvement of people’s livelihoods.

Second, the Measures clearly define the government purchasing of services, the iden-
tity requirements of participating subjects, the restricted scope of purchase content, the
implementation conditions of purchase activities, and the supervision and management
responsibilities. It provides a reference for the construction of a government purchasing
of ecological services model in NTLNP. First, the core of the definition of government
purchasing of ecological services is that the government acts as a purchaser and supervisor
of ecological services and social institutions as undertakers of ecological services. The
government pays the corresponding fees according to the quantity and quality of ecological
services to provide high-quality ecological services to the public. Second, the purchaser
must be a state agency at all levels, such as the NTLNP Administration. The undertaker
must be a legally established enterprise or social organization, excluding public institutions.
SOFEs and Protection Stations are the best choices for this role. Third, the specific scope
and content of the government purchasing of ecological services shall be managed by
an instructive catalogue, and ecological services such as field patrol, forest tending, and
resource monitoring within the NTLNP have been included in the government-purchased
services guidance catalogue. Fourth, the government purchasing of ecological services
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should highlight public welfare and prioritize projects that are related to the livelihood of
national park residents and are conducive to transforming government functions and im-
proving financial performance. The purchaser implements the performance management
of the purchase project and conducts performance evaluation on the implementation of
the purchased services on a regular basis. Fifth, the purchaser and they should consciously
accept the supervision of finance, audit, society, and service objects.

3.2. Driving Factor Analysis

The increase in the content and tasks of ecological services is the first driving factor
for the government to purchase ecological services. Based on the data obtained from the
symposium, the contents and tasks of ecological services after the establishment of NTLNP
were summarized and the following conclusions were drawn: After the establishment
of the NTLNP, the content of ecological services has been significantly expanded and
the intensity and difficulty of the task have increased. In particular, management and
protection services have expanded from forest resource management and protection to
wildlife protection and resource monitoring.

The transfer of participants in ecological services is the second driving factor for
the government purchasing of ecological services. Based on the data obtained from the
symposium, the identity types of ecological services personnel were summarized, and
the following conclusions were drawn: Forest workers engaged in forest tending and
management in the forest departments of 7 SOFEs and 3 LGFDs are the main producers
of ecological services in NTLNP. Filed and registered poor households in rural areas are
secondary subjects engaged in ecological services, and community residents and one-time
resettlement personnel3 are supplementary. There are a large number of people engaged
in ecological services in the NTLNP, and their identities are mixed. Ecological services
participants originally belonging to SOFEs and LGFDs can only be transferred to the
NTLNP by government purchasing of ecological services. It is not only helpful to solve the
problem of connecting the vertical management system and the SFE management system,
but it is also helpful to lift the poor population out of poverty.

Optimizing the subsidy standard for ecological services and improving the income
level of forest workers are the third driving factor for the government purchasing of ecolog-
ical services. According to the family data of workers and families of 7 SFEs engaged in
ecological services in the NTLNP collected through questionnaires, the following conclu-
sions are drawn: First, the wage income level of frontline workers engaged in ecological
services is significantly lower than that of the urban employed population in Heilongjiang,
Jilin, and the whole country. The prevailing wage system ignores the need to improve the
livelihoods of workers. Specifically, the survey data involved 81 front-line workers of SFEs
engaged in ecological services; in 2019, the per capita wage income was 33,496.35 yuan,
and the average wage income of the urban employed population4 in Jilin, Heilongjiang,
and the whole country was CNY 36,307.87, 41,597.86, and 49,020.14, respectively. Therefore,
the salary level of forest workers in the NTLNP is significantly different from the regional
and national average levels. Second, the wages of forest workers come from financial subsi-
dies issued by the central government according to the amount of afforestation, tending,
and management tasks that SOFEs are responsible for each year. The subsidy standard
is CNY 7500/ha for artificial arbor forest; CNY 4500/ha for replanting, reconstruction,
and cultivation; CNY 1800/ha for forest tending; and CNY 75/ha for forest management.
The management and protection tasks of forest workers are arranged according to the
area, and the management and protection wages are hourly wages, which comprise file
wages + seniority allowance + other various allowances. Piece rate wages are implemented
for afforestation and tending, and the unit price for afforestation or tending is determined
on the basis of the number of afforestation or tending plants per Mu. Management and care
wages are the main source of income for front-line workers, but according to the current
management and care wages, the wage level of young workers with the same workload is
significantly lower than that of middle-aged workers with long working years. At the same
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time, it is unfair to SFEs with small areas and many personnel that the central government
issues the total amount of subsidies based on the area under management and protection.
Therefore, NTLNP undertakes the dual mission of ecological protection and improving
the livelihoods of residents. Relying on the way the government purchasing of ecological
services to reassess the wages of ecological management and protection workers is an
important way to promote a decent life for producers of ecological services.

3.3. Responsibility System Construction

Participants in the government purchasing of ecological services include purchaser,
undertakers, evaluators, and supervisors (Figure 4). The purchaser establishes a rela-
tionship with the undertaker by purchasing the ecological services provided; evaluators
establish relationships with purchaser and undertakers by evaluating the performance
of the whole process of government purchasing of ecological services; the supervisors
establish contact with the other three subjects through the supervision of the purchasing of
ecological services and the evaluation of the behavior.

Purchaser

NTLNP Administration

Undertakers

SOFEs
other personnel

Protection Station
State-owned forest 
farm workers
Poverty alleviation 
households who 
have established a 
file
village peasants

Evaluators

third-party 
evaluation 
agency
experts and 
scholars
social public

Supervisors

NTLNP Administration 
and Management 
Branch
Finance, Audit and 
other departments
Independent third-
party watchdog
social public

 
Figure 4. Construction of government purchasing ecological services responsibility system.

(1) Purchaser—NTLNP Administration.
(2) Undertakers - SOFEs and Protection Station. (i) The NTLNP involves 7 SOFEs from

the Changbai Mountain Forest Group (Wangqing, Hunchun, Tianqiaoling, and Daxinggou)
and the Longjiang Forest Group (Suiyang, Muling, and Dongjingcheng). It is a public
welfare enterprise with forest management as its main business. At the same time, most of
the forest farms established by SFEs are divided into the NTLNP as a whole, which is an
important component of the Protection Stations. In addition, after the commercial logging
of natural forests was completely stopped, SOFEs generated a large number of people
who were transferred and diverted, and they took on ecological services through SOFEs.
(ii) The NTLNP also involves 11 state-owned forest farms under the jurisdiction of three
counties and cities of Hunchun City, Wangqing County, and Dongning City, which should
establish Protection Stations as the main body of purchasing services. Registered and
on-the-job workers from local state-owned forest farms are regarded as the main body of
the ecological management and protection public welfare positions. In addition, according
to the requirement that government should pay attention to public welfare in purchasing
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services, the Protection Stations also provide ecological services to households that have
been released from poverty and the peasants in the villages under their jurisdiction.

(3) Evaluators—Third-party evaluation agencies, experts and scholars, and the general
public. The talent, technology and resource advantages of third-party institutions can
ensure the fairness, impartiality and professionalism of the evaluation results. During the
evaluation process, experts and scholars present professional opinions to ensure the scien-
tific nature of the evaluation. As the direct beneficiaries of ecological services, the public
can evaluate the effect of public services through information feedback mechanisms such
as satisfaction surveys.

(4) Supervisors—NTLNP Administration and Management Branch, as well as financial
and auditing departments, independent third-party monitoring agencies, and the public.
First, the government carries out supervision and inspection of the purchase behavior,
which is called internal supervision. The supervision carried out by finance, audit, and
other relevant departments in accordance with their functions is called external supervision;
this is called government supervision and constitutes the main supervision subject of the
government’s purchasing of ecological services. Second, the public, as the supervisor, can
supervise and provide feedback on whether the purchasing subject is fair and impartial,
whether there is delay in fund allocation, and other behaviors in the purchasing process.

3.4. Purchase Price Strategy

According to data from the 2020 survey on the livelihood of residents around the
NTLNP, 78 family members who were engaged in the ecological services of the NTLNP
were screened. For these 78 households, the per capita expenditure, average dependency
coefficient, per capita wage income and per capita total income were calculated. The results
are as follows: the per capita expenditure of the family is CNY 24,519.66; the average
maintenance coefficient is 1.82; the per capita wage income is CNY 19,088.29; the total per
capita income is CNY 21,349.89. The benchmark price for the government purchasing of
ecological services calculated by the proportion method is CNY 39,898.56.

Taking the benchmark price measured by the proportion method as the baseline, it is
estimated that the average annual growth rate of the wage income of the urban employed
population in 2035 will catch up with the average wage income of the urban employed
population in China, and it is estimated that the value of the government purchasing of
ecological services should reach it in 2022 under this growth rate. In 2020, the average wage
income of the urban employed population nationwide was CNY 51,438.13; the benchmark
price for purchasing ecological services in the NTLNP tracks the average wage income of
the national employed population, that is, by 2035, it will reach the goal of twice the wage
income (CNY 102,876.26) of the current national urban employed workers, providing that
it maintains a growth rate of 6.10%. Under this growth rate, the price of ecological services
purchased by the government will reach CNY 47,654.44 in 2022.

Based on the above results, the government’s price strategy for purchasing ecological
services is divided into three stages. (1) Initial stage: according to the survey data, the
average wage income of 81 forest workers in the NTLNP is CNY 33,496.35 (Figure 5). The
benchmark price for the government purchasing of ecological services is CNY 39,898.56 per
person. (2) Development stage: the proposed price for the government purchasing of
ecological services in 2022 is CNY 47,654.44 per person. (3) Flat stage: to catch up with
the per capita wage income level of urban workers nationwide in 2035, it is necessary to
maintain an average annual growth rate of 6.10%.

Compared with the growth rate of the wage income of workers in the province where
the NTLNP is located and China’s forest and grass industry, it is relatively easy to achieve
a growth rate of 6.1% for the price of ecological services purchased by the government.
From 2015 to 2019, the average annual growth rate of the average wage income of urban
on-the-job workers in Heilongjiang Province was 6.8%, and from 2015 to 2019, the average
annual growth rate of the average wage income of on-the-job workers in the national forest
and grass system was 7.7%. Compared to other industries in China, it is also easy to achieve
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a growth rate of 6.1% in the price of government purchasing of ecological services. From
2015 to 2019, the average annual growth rates of wage income of on-the-job workers in the
five industries of manufacturing, construction, transportation, education, and health and
social work were 7.2%, 6.1%, 7.1%, 8.0%, and 8.7%, respectively. Therefore, it is feasible for
the government purchasing of ecological services with an average annual growth rate of
6.1% to catch up with the wage income level of urban workers across the country.

39898.56

47654.44

102876.26

33496.35

Government purchase 
price of ecological 

services(RMB)

2019 2022 2035

Figure 5. The price strategy of government purchasing of ecological services.

During the pilot period of the NTLNP, the funds of each branch mainly came from the
forest reform and development funds in the special funds of the central fiscal year, and a
small part of the funds came from the investment of non-profit organizations. National
park financial subjects and special accounts have not yet been established [10]. In order
to ensure the implementation of the government purchasing of ecological services, it is
a prerequisite to establish a special account for national parks and financial items, and
the budget items include the cost of purchasing ecological services. Fundraising can be
divided into three parts. First, the forestry reform and development funds issued by
the central government to the seven SOFEs can be partially transferred to the special
account for national parks. Second, encourage local residents or enterprises to engage in
production and operation activities through franchising in the ecological experience area or
surrounding areas and use the franchise income to feed back to ecological services. Finally,
raise funds for the whole society and allow large donations of enterprises or individuals to
set up special funds under the name.

3.5. The Whole Process Evaluation Chain

The government purchasing of ecological services should establish a whole-process
evaluation chain based on the purchase chain. The performance evaluation system in-
cludes project evaluation, process evaluation, and result evaluation, and the evaluation
chain also includes evaluation procedures and evaluation methods (Figure 6). (1) Project
evaluation. Set performance goals, demonstrate conduct requirements, and ensure the
efficiency and quality orientation of ecological services projects. The evaluation indica-
tor system should be set up according to the budget preparation, and the index system
should include indicators such as the efficiency and quality of ecological services, and
the satisfaction of the public. (2) Process evaluation. In the implementation process of
government purchasing of ecological services, it is necessary to supervise the efficiency
of budget execution, supervise the performance of contracts, and focus on evaluating the
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quality of services. (3) Results evaluation. First, disclose project information and evaluation
results in a timely manner and accept social supervision. Second, establish a mechanism
compatible with incentives and punishments, so that ecological management workers
have the motivation to improve their abilities. Third, investigate the responsible subject
through the accountability mechanism, and make timely rectification in the follow-up work.
(4) Evaluation procedure. First, the pre-event, in-process and post-event evaluation should
be connected to effectively prevent the information asymmetry in the purchase process
through the evaluation procedure. Second, regular inspection is combined with random
inspection, and the completion of the responsibilities of ecological public welfare positions
should check irregularly. Third, the mid-term acceptance check is combined with the final
acceptance check, and the results of the mid-term acceptance check are the main reference
for the final acceptance check. (5) Evaluation method. First, expand the scope of third-party
evaluation and adopt the evaluation mechanism of experts and third-party institutions.
Second, optimize the evaluation index system and establish a quantitative index system
for the three major benefits of ecology, economy, and society. Third, establish a dynamic
tracking and monitoring mechanism to monitor the entire process of purchasing services in
real time.

Project evaluation
 requirements 
demonstration
performance goals
budget preparation
evaluation indicator 
system
acceptance and 
evaluation criteria

Process evaluation
budget execution
contract 
performance
subject perform 
responsibility
service quality
public satisfaction

Results application 
evaluation

results feedback and 
disclosure
improve performance
risk identification and 
prevention
incentives and 
punishments
problem rectification

evaluation procedure
pre-event+ in-event + post-
event
 regular inspections + 
random inspections
mid-term acceptance + final 
acceptance

Evaluation method
self-assessment + other-
assessment
qualitative + quantitative
dynamic tracking and 
monitoring

Evaluation chain

Next cycle

Figure 6. The whole process evaluation chain of government purchasing of ecological services.

3.6. Purchase Costs Analysis

Cost savings is an important factor for government to consider when providing eco-
logical services. Based on the transaction cost theory, analyzing the costs of the two modes
of direct government provision and purchasing provision, and comparing the financial
burden under the two modes are the key stages of government decision-making.

The most important parts of the costs of the government’s direct provision of ecologi-
cal services are: The first is the labor costs, including the costs of additional posts created
by the NTLNP Administration to provide ecological services and the costs of personnel
management. The second is the costs of sites and materials, including the costs of estab-
lishing protection sites within the national park, and purchasing materials required for
protection. The third is the costs of information, including the costs of the NTLNP Admin-
istration to search for grass-roots information and coordinate powers and responsibilities
with SOFEs and state-owned forest farms. Fourth, the management costs of the NTLNP
Administration itself, including office expenses, postal and telecommunication expenses,
and transportation expenses.

The most important parts of the costs of the government purchasing of ecological
services are: The first is the purchase costs of the NTLNP Administration, which includes
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the salaries of the employees discussed in this article, and the management costs of the
ecological caretaker organized by the protection stations. The second is the third-party
fees, which involves the costs of third-party supervision and evaluation. The third is the
management costs of the NTLNP Administration itself, including office expenses, postal
and telecommunication expenses, and transportation expenses.

Comparing the costs of direct provision of ecological services by the NTLNP Adminis-
tration and of the purchasing of ecological services under the condition of providing the
same quantity and quality of ecological services, several conclusions can be drawn: (1) In
terms of labor costs, the costs of government provision is similar to that of government
purchases. When provided directly, a large number of ecological management workers
need to be recruited, and the wages and management costs of these workers must be
paid. When purchasing services, it is necessary to pay the salaries of ecological protec-
tion workers and the management fees for the participation of residents in the protection
stations. (2) In terms of sites and material costs, government purchases costs tend to be
zero. When directly provided, a management sites needs to be established in the park
and management equipment needs to be purchased. When purchasing services, SOFEs
and state-owned forest farms have ready-made protection sites and professional ecological
protection equipment, and no additional purchases are required. (3) In terms of information
cost, the government purchase cost tends to zero. When providing direct information,
it is necessary to search for basic social and ecological information in the park and to
coordinate power and responsibility relations with SOFEs and state-owned forest farms.
when purchasing services, SOFEs and state-owned forest farms have a similar grasp of the
ecological and social conditions in the park. They have professional ecological management
teams and technologies without additional information costs. (4) In terms of third-party
fees, government purchases need to be paid to experts, scholars, auditing departments and
other third-party institutions for supervision and evaluation, while direct provision does
not require third-party fees. (5) In terms of the management cost of the national park itself,
the cost of government provision is similar to that of government purchases.

Based on the above analysis, it is concluded that government purchases are more
cost-effective than government provision, especially in terms of sites and material costs
and information costs. SOFEs and state-owned forest farms have “natural” advantages,
which can reduce the financial expenditure of the NTLNP Administration.

4. Discussion

4.1. Links between Ecosystem Services and Ecological Services

Ecological services in this study mean the ecological protection services provided by
humans in the process of generating ecosystem services. In the literature, there are rich
research results on ecosystem services based on the theoretical background of ecology
or economics [53–55]. The definition of ecosystem services is generally understood as
follows: “Ecosystem services are the benefits that humans derive from ecosystems”, which
was proposed by MAE [56]. The definition describes the flow of individual services
from ecosystems to humans. However, recent research on ecosystem services seems
to have reached a consensus that ecosystem services are not produced by ecosystems
independent of humans but by human interactions with ecosystems [57–60]. In order to
explain the role of humans in ecosystems, Comberti proposed the concept of “Services to
Ecosystems” to reflect human actions to maintain and improve ecosystems. On the basis of
the original “single service flow from ecosystem to human”, the service flow from human
to ecosystem is added, and a closed loop of a reciprocal relationship between human and
ecosystem is constructed [61]. The concept of ecological services in this study is similar to
the abovementioned “Services to Ecosystems”, which reflect the important role of humans
in ecosystems. The government purchasing of ecological services is a way of providing
such services, and it is suitable for national parks with state-owned land as the main body,
and such a national park is used as the study area, and the ecological services at this time
belong to the category of public services.
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4.2. A Policy Tool That Takes into Account Efficiency and Fairness and Can Clarify the Rights and
Responsibilities of Stakeholders

Driven by realistic problems such as the increase in the content and tasks of ecological
services in NTLNP, the connection between the old and new management systems, and the
low subsidy standards for ecological services, this study proposes the government purchas-
ing of ecological services as a new policy tool. The connotation of government purchasing
of ecological services is similar to “government-funded” PES [62] and government-funded
EC [63]; all three are applicable to situations where it is difficult for users to identify and
define the ecosystem when it is a public good, and government intervention is an inevitable
approach. In order to improve the efficiency of natural resource management and alleviate
poverty, PES and EC have been widely adopted by the international community, especially
developing countries, and have achieved remarkable results. In the study of PES and EC,
watersheds, forests, grasslands, wetlands, biodiversity, and habitats are the main areas
of research [13,64]. The research content revolves around key links such as conceptual
connotation, theoretical basis, purchasers, and sellers (subject and object of compensation),
payment standard (compensation standard), and effect evaluation [19,65–67]. Although the
research frameworks of PES and EC are becoming more mature, and a mutually beneficial
situation between efficiency and fairness has been achieved in practice [68], the relationship
between rights and responsibilities among relevant stakeholders is a blind spot for research.

The issues involved in the government purchasing of public services include efficiency,
fairness, and the relationship between the rights and responsibilities of the stakeholders.
Wang divides government purchasing of public services into three models according to
the relationship between the purchaser and the undertakers: the independent relationship–
competitive purchasing model, the independent relationship–non-competitive purchasing
model, and the dependent relationship–non-competitive purchasing model. Whereas the
SOFEs and LGFD specializing in ecological services existed before the establishment of
the NTLNP Administration, in this study, the NTLNP Administration is the purchaser, the
SOFEs and Protection Stations are the directional undertakers, and the forest workers are
the most direct producers of ecological services. The model of government purchasing of
ecological services is independent and non-competitive. The government purchasing of
ecological services clarifies the relationship of rights, responsibilities, and interests between
stakeholders on the basis of taking into account the efficiency of supplying ecological
services and the livelihoods of forest workers. This is the main reason for constructing the
model of government purchasing of ecological services instead of following the existing
research framework of PES or EC.

Due to the severe aging of ecological management and care workers, they retire at an
average rate of 5% every year, and the ecological management and protection positions
are recruited in the form of only decreasing and not increasing. After the retirement of
existing ecological management and conservation workers, the government purchasing
of ecological services model with community organizations as the undertakers is a future
research direction. The research aim is to investigate the willingness of community residents
and social organizations to participate and to carry out evolutionary game analysis on the
multi-stakeholders of government purchasing of ecological services.

4.3. Enterprises, NGOs, Community Residents and Indigenous People Are the Main Undertakers
of Ecological Services in National Parks

Based on the natural resources and management system background of state-owned
forest areas in northeast China, a model of government purchasing of ecological services
for the NTLNP, which is also applicable to other national parks in China. Among the
five national parks officially established in China, the Giant Panda National Park was
established in the state-owned forest areas of northwest and southwest China. Before
the establishment of the national park, SOFEs and state-owned forest farms were the
main body of ecological services supply in this area. The general situation of its natural
resources and management system is similar to that of the northeast state-owned forest
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areas. Sanjiangyuan National Park and The Hainan Tropical Rainforest National Park
belong to mountainous and totropical national parks. There are a large number of farmers
and herdsmen, forestry workers, and even urban residents living in and outside these
national parks [69]. The government purchasing of ecological services is an important
means to solve the problems of the connection of management systems and the livelihood
of community residents. For the Giant Panda National Park, the Giant Panda National Park
Administration can be the purchaser of ecological services, 15 SOFEs and protection stations
can be the undertakers of ecological services, state-owned forest farm workers, people who
have been released from poverty and resettlement of immigrants Residents can participate
in ecological services through protection stations. For the Sanjiangyuan National Park,
it is impossible to complete such a large-scale ecological environmental protection work
with only the management team of more than 400 people from the Sanjiangyuan National
Park Administration [26]. It must rely on the strength of local herdsmen. Therefore, the
three management committees under the Sanjiangyuan National Park Administration
(Sanjiangyuan, Yellow River and Lancang River Source Management Committee) [70] can
be the purchasers of ecological services. The surrounding herdsmen voluntarily participate
in ecological services through the protecion stations. For Hainan Tropical Rainforest
National Park, there are almost 40 ethnic groups, mainly Li and Miao, in the park [71].
Tropical rainforests provide the material base and living conditions for minority residents to
thrive, and it is very important to guide residents to participate in the ecological services of
national parks. Hainan Tropical Rainforest National Park Administration can be the main
purchaser of ecological services, and community residents can participate in ecological
services through the protecion stations.

From an international perspective, some national parks with state-owned land as the
main body have begun to use the government purchasing of ecological services, and these
cases provide lessons for other national parks. For example, about half of Melbourne’s water
sources are located in Kinglake National Park, Yarra Ranges National Park and Baw Baw
National Park. The Victorian Government of Australia protects these forest water sources by
purchasing the ecological services of Melbourne Water Company [72]. The Serbian government
has entrusted the management of the Secovlje Salina National Park to a private mobile
phone company through a combination of concessions and government purchases. The
company’s revenue comes from both concessions and the government’s annual budget. On
the one hand, the government franchises it for sea salt production; on the other hand, the
government purchasing of its ecological services for national parks [72]. These experiences
show that for national parks with fewer residents, it is more efficient for the government
purchasing of ecological services from state-owned or private enterprises and NGOs. For
national parks with more community residents or aboriginal people, such as China’s na-
tional parks, residents’ participation in national park ecological services through protection
stations or community organizations is the best choice to solve the contradiction between
protection and development.

5. Conclusions and Policy Implication

5.1. Conclusions

This study takes China’s NTLNP as the research area and constructs a government
purchasing of ecological services model based on the classical theory of government pur-
chasing of public services. The government purchasing of ecological services model is
divided into five components: institutional environment analysis, driving factor analysis,
responsibility system construction, purchase price strategy, and the whole process evalua-
tion chain. Among them, the driving factors, responsibility system, and purchase price of
the government purchasing of ecological services are the focus of the study. In the literature,
the text analysis method was used to analyze the relevant policy texts and the symposium
data obtained from field research. From this, we obtained the incentives and constraints for
the government purchasing of public services in the current policies, as well as the status
of ecological services tasks, composition, number, and salary standards of the NTLNP. We
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adopted the revised minimum wage standard method and opportunity cost method to
formulate the purchase price strategy. Comparing the two environmental policy tools, PES
and EC, the government purchasing of ecological services is more suitable for national
parks with state-owned land as the main body, and the ability to clarify the rights and
responsibilities of multiple stakeholders is the unique feature of the government purchas-
ing of ecological services. At the same time, formulating purchase price strategies from
the perspective of meeting the decent living needs of ecological service participants and
narrowing the gap with the average wage income level of urban workers is more conducive
to achieving efficiency and fairness. The core conclusions of the study are as follows.

First, the driving factors for the government purchasing of ecological services are:
(1) the content and tasks of ecological services in the NTLNP have increased; (2) ecological
services workers in the forest sector need to be transferred; (3) subsidies for ecological
services need to be improved. First, since the management and protection services in
the NTLNP have expanded from forest resource management to wildlife protection and
resource monitoring, if the NTLNP Administration establishes a special agency to engage
in ecological services, it will inevitably increase government financial expenditure. The
government purchasing of services is an ecological services supply method that not only
saves costs but also provides professional services. Secondly, there are a large number of
participants engaged in ecological services in the NTLNP, and their identities are diverse.
Through the process of government purchase, all the participants engaged in ecological
services from the forest department can be transferred to the NTLNP. Finally, the per capita
wage income of the sample workers engaged in ecological services is CNY 33,496.35, which
is significantly lower than the average wage income level of urban employed population in
Jilin, Heilongjiang, and the whole country. Public services related to improving people’s
livelihoods are the priority items for the government purchasing of services. Increasing the
wage income level of ecological services participants is an important way to improve the
livelihood of residents in national parks.

Second, this research constructed a responsibility system for the government pur-
chasing of ecological services under the institutional environment related to government
purchasing of services. Among them, the purchaser is the NTLNP Administration, which
uniformly exercises the management and protection responsibilities of state-owned natural
resource assets in the region. Undertakers are seven SOFEs and three Protection Stations;
the registered and on-the-job workers directly transferred by the SOFEs are the main body
that performs ecological services, and a small number of one-time resettlement personnel,
registered and off-duty personnel, urban workers, and other transferable personnel will
undertake ecological services through the SOFEs. The registered and on-the-job workers of
local state-owned forest farms are the main body of ecological services, and the poor people
in the villages and towns under their jurisdiction undertake ecological services through
the Protection Stations. The evaluators are third-party evaluation institutions, experts,
and scholars, and the general public. The supervisors are the NTLNP Administration,
the management branch, the financial and auditing departments, independent third-party
supervision agencies, and the public.

Third, we divided the government’s price strategy for purchasing ecological services
into three stages: (1) Initial stage. According to the livelihood data of the sample forest
workers in the NTLNP obtained through the survey, the benchmark price for the govern-
ment purchasing of ecological services is calculated by the proportion method to be CNY
39,898.56 per person. (2) Development stage. It is estimated that the price of ecological
services purchased by the government in 2022 was CNY 47,654.44 per person. (3) Flat stage.
To catch up with the level of per capita wage income of urban workers nationwide by 2035,
it is necessary to maintain an average annual growth rate of 6.10%.

Fourth, the whole process evaluation chain of the government purchasing of eco-
logical services was designed, comprising three main parts: project evaluation, process
evaluation, and result application evaluation. The evaluation procedures and methods
are also described in the chain. In the project evaluation stage, it is necessary to set up an
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evaluation system that includes indicators such as ecological service efficiency and quality,
and social public satisfaction. In the evaluation of the process, it is necessary to supervise
the efficiency of budget execution, supervise the performance of contracts, and focus on
evaluating the quality of ecological services. In the application for the evaluation of results,
the project information and evaluation results are made transparent, and an incentive and
punishment mechanism is established.

Fifth, compare the financial burdens of government provision and government pur-
chases based on transaction cost theory. The costs of government purchases are lower
than those of government provision, especially in terms of sites and material costs, and
information costs.

5.2. Policy Implications

According to the research results, this study puts forward the policy implications
of implementing the government purchasing of ecological services in stages. The pur-
chase content expands from traditional ecological resource management to intelligent
management. The purchase method extends from economic payment to franchising. The
participant subjects change from administrative to market-oriented and diversified. The
fund utilization expands from EC to ecological product value. Finally, it will realize the
coordinated development and evolution of ecological, economic, and social benefits from
guaranteeing ecological benefits.

The first stage combines the ecological protection goal of the government purchasing
of ecological services with the consolidation of poverty alleviation achievements, so as to
achieve the coordinated development of ecological and social benefits. We completely strip
the social management functions undertaken by the SOFEs, and at the same time, increase
the efforts to withdraw and merge forest farms, and gradually establish a management
system of “Administration Bureau–Management Sub-bureau–Management and Protection
Station”. The Protection Stations will be established with SFEs and LGFDs as the main body
to undertake the purchasing of ecological services. The border villages in the park realize
“one household, one post”, responsible for natural resource management and protection,
ecological experience, environmental education services, ecological protection projects, and
ecological monitoring.

In the second stage, the government purchasing of ecological services includes a
combination of economic payment and franchise, so as to realize the transformation from
ecological protection compensation to ecological product value. Government-funded
franchising is also an option for the government purchasing of ecological services, and
the undertakers of ecological services are encouraged to exploit their own advantages to
carry out franchising. As an enterprise unit, SOFEs have established the cultivation and
breeding bases of cattle, forest frogs, forest medicine, and black fungus through franchising,
and carried out moderate-scale intensive management. Priority will be given to diverting
workers from the reform of SFEs, farmers who have returned farmland to forests and
banned grazing, and poor people who have been filed and registered. The implementation
of single or joint household contracting is explored for forest workers’ families to undertake
ecological management and protection or under-forest planting and breeding and broaden
the channels for local residents to increase their income.

In the third stage, the government purchases ecological services to transform them into
intelligent ecological management and protection, using integrated monitoring technology
to realize a new type of intelligent ecological management and conservation system. An
early warning and response mechanism is established to greatly improve the efficiency
of management and protection. It is important to build the brand system of “NTLNP”,
and incorporate various ecological products such as forest food, forest health care, nature
education, and ecological research into the brand scope. Brand cultivation and protection
are strengthened, and the premium of ecological products is increased. The franchise
system is improved, and an interest linkage mechanism and a profit feedback mechanism
are established. The moderate-scale operation and brand value-added income will feed
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back to the ecological management and social services public welfare positions. Finally, the
government changes from government purchase to user payment, realizes the diversifica-
tion and marketization of purchasers, and further realizes multiple ecological, economic,
and social benefits.
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Notes

1 A survey found that in 2019, the per capita wage income of sample workers engaged in ecological services in the NTLNP was
CNY 33,496.35. In the same year, the average wage income of the urban employed population in Jilin, Heilongjiang, and the
entire country was CNY 36,307.87, 41,597.86, and 49,020.14, respectively. According to the “China Forest and Grassland Statistical
Yearbook 2020”, the average annual salary of workers in the China’s forest and grassland system in 2019 was CNY 67,782.

2 In 1949, the early days of the founding of New China, in order to meet the demand for wood in national economic construction, the
government of China invested in the establishment of state-owned forest areas and a number of state-owned forest farms. In the
nine provinces and regions with rich forest resources in the northeast, southwest, and northwest, 138 SFEs have been established,
which specialize in timber harvesting. Among them, 87 SOFEs in Heilongjiang, Jilin, and Inner Mongolia constitute the key
state-owned forest areas. State-owned forest farms are public institutions dedicated to afforestation and forest management and
protection set up in concentrated state-owned barren mountains and wasteland suitable for forest. There are 4855 state-owned
forest farms in 31 provinces. accounts for 83.28% of the total area of the NTLNP. It involves 7 SOFEs and 3 LGFDs; the former is a
public welfare state-owned enterprise, while the latter is a public institution (Table 2). The NTLNP is the first national park in
China that is directly handled by the central government.

3 From 2000 to 2020, China implemented two phases of Natural Forest Protection Projects, from cutting down logging tasks to
complete logging bans. The increase of surplus personnel in forest enterprises and the heavier burden of enterprises have led
to the layoff of some forest workers, the state issues a one-time resettlement fee for these groups. A small number of one-time
resettlement personnel will also participate in the forest operations of SFEs during the afforestation and tending season, and their
wages are calculated according to the piece-rate system.

4 The statistical yearbook does not include the average wage level of the urban employed population in Jilin, Heilongjiang, and the
whole country. Therefore, this information is obtained indirectly through the calculation of (urban per capita disposable wage
income × total urban population)/urban employment.
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Abstract: The ecosystem of national parks bears some cultural features. How the cultural ecosystem
service functions are perceived by the public and how the cultural ecosystem service functions shape
the public’s cognition have become urgent scientific questions. This paper performs a case analysis on
the Qianjiangyuan National Park System Pilot Area, a representative national park in China, which
clarifies the main types of cultural ecosystem service functions from the perspective of the landscape
aesthetics benefits of community residents, and analyze the varied impacts of demographics on func-
tional cognition. On this basis, the entropy weight method was adopted to evaluate the importance
of each function. Fuzzy comprehensive evaluation was employed to assess the composite level of
the cultural service functions. The results show that: (1) the community residents value the benefits
brought by the national park the most in terms of the ecological improvement function, and the
situation is consistent across the four towns/townships; by contrast, the community residents attach
the least importance to the benefits in terms of system governance function. (2) Except for the years of
local residence, the community residents’ cognition of different cultural ecosystem service functions
may vary significantly, owing to factors like gender, age, education level, occupation, and annual
mean income. (3) Concerning the importance of functional indices, the importance scores of the
natural experience functions, humanistic concern functions, and social service functions are 0.3286,
0.3503, and 0.3211, respectively. The community residents had a moderate to high level of cognition
for the cultural ecosystem service functions (3.99). The different types of functions can be sorted by
effectiveness as: the social service functions (4.11) > natural experience functions (4.03) > humanistic
concern functions (3.86). The research results provide a reference for improving the management
level of national parks, and ease the increasingly prominent contradiction between people and land.

Keywords: national park; cultural ecosystem service; community resident; function evaluation; landscape

1. Introduction

More and more people perceive the traditional way of natural protection negatively,
mostly owing to the overlook of cultural factors in the protection process [1]. The philoso-
phy of binary opposition contributes greatly to the frequent occurrence of social, economic,
and ecological crises in the international community [2]. Under the influence of this philos-
ophy, the national parks of the United States (US) initially excluded indigenous residents
from the natural protection program, treating them as an obstacle to ecological protec-
tion [3,4]. That is why the indigenous Indians were driven away from the Yellowstone
National Park [5,6]. This kind of protection model disregards humanistic factors, separates
humans from nature, and leads to the failure of the traditional way of natural protection.
Rotherham called this protection model “cultural severance” and proved that the model
accelerates ecological destruction [1]. For a long time, human factors were considered
detrimental to the stability of the ecosystem. National parks (or protected areas) are often
regarded as a system completely independent of humans. Thus, all human interference
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needs to be eliminated during natural protection [4]. This thinking mode, which separates
nature from culture and detaches material from spirit, adds twists and turns to the construc-
tion of national parks, especially those in densely populated areas [7]. In fact, except for a
few that are in absolute wildernesses, the ecosystem in most national parks (including other
types of protected areas) constantly interacts and merges with the human society. As a
result, the ecosystem of national parks bears some cultural features and exhibits as a social
ecosystem that integrates humans and nature. Such a social ecosystem is a concentrated
embodiment of the authenticity of the ecosystem of different national parks [8,9].

The cultural features of a national park are deeply rooted in the local eco-environment,
forming a sense of the place unique to locals, and, in return, affects the ecosystem. Against
this backdrop, governments around the world have started incorporating cultural factors
into natural protection. For example, Japan formed the concept of community governance
in the field of natural protection as early as the 1980s. National parks in Japan, a narrow and
densely populated country, face a complicated land ownership. Due to the dense population
in national parks, there are often complex relationships between property rights, financial
rights, industries, and management. To sort out the relationships, the Japanese government
issued the Japans System of Natural Park (Zoning-System), which manages and zones park
land from the perspective of resource preservation and sustainable utilization. This system
is mainly implemented by signing landscape protection agreement with residents. For
landowners, the original residents can sign agreements to obtain tax benefits and reduce
the cost of land management, thereby reducing the burden of land management [10,11]. In
the US, the National Park Service included public participation in multiple links of national
parks, ranging from establishment, planning, decision making, management, to operation,
and passed the Civic Engagement and Public Involvement and the National Environmental
Policy Act (NEPA). These legislations allow the public to participate in at least three
phases of national park development: scope delineation, environmental impact assessment
(EIA) drafting, and EIA finalization [12,13]. Taking the Yellowstone National Park as an
example, one fourths of the scientific research programs ratified each year are completed
by foundations and other social organizations [14,15]. India, the world’s most populous
country, faces similar socioeconomic pressures as China does in the management of national
parks. To cope with the pressures, the Indian government has established community
reserve management committees and introduced joint community co-ownership programs
in an attempt to solve the contradiction between ecological protection and community
economic development [16]. Some indigenous Indians naturally worship forests. The
concept of “sacred forest” stems from the ancient tradition of nature conservation. In
ancient times, indigenous people ringfenced a specific area as a sacred forest, and protected
it as a holy land [17]. Their efforts subtly contribute to the protection of forest resources and
the maintenance of local biodiversity. In 2006, India enacted the Forest Act, which assured
that local communities could manage nearby forests. In recent years, the ancient term of
“scared forest” has gained prominence among ecological researchers [18,19].

There are diverse research methods and technologies for cultural ecosystem services
which involve multiple disciplines [20]. The mainstream approaches include a ques-
tionnaire survey, participatory mapping, geographic information, and social media pho-
tographs. The evaluation methods for cultural ecosystem services include index system
evaluation and value assessment. Plieninger et al. carried out a questionnaire survey on the
perception patterns of cultural services among German respondents of different social and
demographic backgrounds, and concluded that the respondents tend to associate cultural
services and local places with personal happiness [21]. Brown et al. performed participatory
mapping to identify areas of significant conservation value in New Zealand [22]. Raymond
(2009) mapped the distribution of community values in Australia, and identified the areas
threatening the ecosystem services [23]. With the orderly advancement of the national park
system reform in China, many theorists and practitioners have shifted their attention to
national parks. The problems in the system construction of national parks are explored
from multiple angles, namely, biological diversity monitoring, ecological compensation,
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and endangered species protection, as well as planning and evaluation [24–26]. On the
whole, the evaluation methods for cultural ecosystem services are still being explored,
without forming mature research methods or paradigms. The research of cultural ecosys-
tem services is closely related to social sciences. At present, ecological experts attach great
importance to the regulation and support services of ecosystem services, while paying little
attention to the cultural services related to human perception. As a result, the ecosystem
assessment in key areas is not objective enough. The systematic study of cultural ecosystem
services needs inspiration from disciplines focusing on human well-being, public health,
and psychological change, such as social science, psychology, and behavioral science.

Ecosystem services refer to the conditions and efficacies of the natural environment,
which are formulated and maintained by the ecosystem, are essential to human survival,
and represent all the benefits obtained by humans from the ecosystem [27]. The research
focus of ecosystem services is shifting from the accounting of service values to the coupling
between humans and their well-being [28–30]. Ecosystem services mainly include the
supply service, regulation service, supporting service, and cultural service. Among them,
the cultural service has the closest bond to humans. In this background, the cultural
ecosystem service functions both intermingle and conflict with the supply, regulation, and
supporting services. The cognition of the cultural ecosystem service functions directly bears
on the success of the pilot program of the national park. China began to construct national
parks in 2015. National parks are established in batches; they are managed by levels and
controlled by zones. Following the participatory community management, the original
residents are encouraged and supported to engage in environmentally friendly business
activities and participate in the management of national park affairs. The difficulty of
national park management lies in the trade-off and synergy between the various ecosystem
services such as service functions like the ecological supply, regulation and support, and
cultural functions like the aesthetic service and recreation. These services are provided
to different stakeholders, which affects their behavior. The overemphasis on a particular
ecosystem service will definitely affect and damage other ecosystem services [31]. The
scientific management of national parks hinges on clear ecosystem services, which are
reflected in many national park management policies. Ecosystem services are important
indices in many current standards and codes of China, including the National park functional
zoning specification (LY/T 2933—2018), Technical specification for the national park master
plan (GB/T 39736-2020), Specification for monitoring of the national park (B/T 39738-2020),
and Specification for assessment of the national park (GB/T 39739-2020). Their importance is
reflected primarily in the links between background surveys, analysis, and evaluation, as
well as scheme comparison. Based on ecological protection, it is highly necessary to study
the cognition and evaluation of the cultural ecosystem services of national parks from the
perspective of the community residents.

For the national park system pilot area’s cultural ecosystem, the background is not
clear, the service function evaluation methods are not perfect, and a lack of cultural values
means a realization mechanism to solve practical problems is required. The purpose of
this study is to ensure a cultural ecosystem service of the cognitive evaluation is applied
to the national park service management, to promote the consideration of cultural factors
in planning decisions, and to satisfy the current social growing demand for a better life.
Hence, this research is urgently needed to answer the following scientific questions: how are
cultural ecosystem service functions perceived by the public? How do cultural ecosystem
service functions shape public cognition? What should we do to promote the refined
management decision making of national parks through the cognition of cultural services?
The research results promote the integration between multiple disciplines and expand
the breadth and depth of applying landscape science to the research on cultural services
of national park ecosystems. It is suffice to say that our research lays a scientific basis
for the rational planning, construction management, policy formulation, protection, and
utilization of national parks after the completion of the pilot system reform.
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In the light of the above analysis, this paper performs a case analysis on the Qian-
jiangyuan National Park System Pilot Area (QNPSPA), a representative national park in
China, clarifies the main types of cultural ecosystem service functions from the perspective
of the landscape aesthetics benefits of the community residents, and scientifically eval-
uates the importance and overall level of each function, laying the basis for improving
the management level of national parks and the ecological welfare of residents. Note that
the community residents in the study area, who are generally poorly educated and aged,
may understand the concept of cultural ecosystem services differently, as their cognition
is strongly affected by direct perception of landscapes. To facilitate field surveys and
interviews, our surveys and analyses on the cultural ecosystem service functions of the
QNPSPA were carried out mainly from the angle of landscape aesthetics benefits, which
are easily felt by the residents. This research perspective was determined in reference to
Hatan et al. (2020) and Booth et al. (2017), who also evaluated cultural ecosystem service
functions from the angle of landscape aesthetics [32,33].

2. Materials and Methods

2.1. Classification of Cultural Ecosystem Service Functions

Cultural ecosystem services appeared along with ecosystem services in the mid to
late 1960s. In the 1990s, cultural services gradually attracted attention from scholars [20].
In 1997, Costanza defined cultural services as the aesthetic, artistic, educational, and
scientific values of an ecosystem [34]. In the 21st century, with the publication of the
Millennium Ecosystem Assessment report, the definition of cultural ecosystem services
was expanded to include human well-being. The classification of cultural services was
extended from recreation to more areas, such as aesthetic value, recreation and ecotourism,
spirituality and religion, inspiration, sense of place, cultural heritage, social relations, and
education, to name but a few. Chan et al. believed that the cultural ecosystem services of
natural resources bring non-material benefits to humans, e.g., experience and ability [35].
Russell et al. regarded cultural ecosystem services as the spiritual and cultural well-being
that ecosystems contribute to humans through immaterial processes [36]. Considering
the actual situation of the study area, and the opinions of experts in the relevant fields,
the QNPSPA cultural ecosystem services were divided into natural experience functions,
humanistic concern functions, and social service functions, from the perspective of the
landscape aesthetics benefits of the community residents.

Specifically, the natural experience functions include the ecological improvement,
wilderness protection, and system governance functions, highlighting that the national
park ecosystem protects landscape ecology for the community residents. The human-
istic concern functions cover the spiritual worship, folk culture popularization, and art
inspiration functions, stressing that the national park ecosystem provides the commu-
nity residents with the landscape art functions, social service functions, involving living
environment improvement, science education, and health care functions, reflecting on
the fact that the national park ecosystem offers social or ecological public services to the
community residents.

Our evaluation system for the cultural ecosystem service functions of national parks
consists of a goal layer, a criteria layer, and an index layer. To evaluate the cognition and
functions, the indices were transformed into quantitative indices by Likert quantification
standards. The cognition was measured by a 3-point scale, with strongly agree and strongly
disagree being assigned 3 points and 1 point, respectively. The functions were measured
by a 5-point scale, with very high score and very low score being assigned 5 points and
1 point, respectively. The evaluation index system is presented in Table 1.
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Table 1. Evaluation index system.

Goal Layer (A) Criteria Layer (B) Index Layer (C)

Cultural ecosystem
service functions

(A)

Natural experience functions
(B1)

Ecological improvement function (C1)
Wilderness protection function (C2)

System governance function (C3)

Humanistic concern functions
(B2)

Spiritual worship function (C4)
Folk culture popularization function (C5)

Art inspiration function (C6)

Social service functions
(B3)

Living environment improvement function (C7)
Science education function (C8)

Health care function (C9)

Unlike the functions of ecosystem regulation services and support services, the func-
tion of natural experience is a non-material benefit from natural resources to humans [35].
The function of ecological improvement refers to the landscape services that community
residents obtain from natural resources, such as air, water, land, forests, and organisms.
The function stresses that people achieve ecological well-being through a natural experi-
ence of the ecosystem [36]. The function of wilderness protection refers to the concrete
protection of the landscape in the natural ecosystem and highlights a human cognition
and appreciation of wild natural values, namely virgin forests, and cultural values in areas
with little human interference. The function of system governance reflects the integrity of
the elements and processes of the national park ecosystem, and the governance features of
living communities. It involves mountains, rivers, forests, fields, lakes, and grasslands and
emphasizes the cultural values of ecosystem diversity and integrity.

On the humanistic concern functions, spiritual worship refers to the landscape cultural
functions formed through the pious appreciation and worship of natural landscapes,
mainly including holy mountains, divine trees, and feng-shui forests; the folk culture
popularization function stands for the cultural identity with historically significant material
and non-material products, such as historical sites, famous ancient trees, legends, and the
long tradition of ecological protection; and the art inspiration function refers to the art
aesthetic function of the national park landscapes as it is often said that the national park is
as beautiful as a landscape painting.

On the social service functions, the living environment improvement function refers
to the landscape attributes of the national park in terms of the beautification and greening
of the environment; the science education function stands for the science promotion and
education functions of the national park, as well as the social values generated by these
functions, relative to the residents; the health care function, focusing on the health care
of the natural environment in the national park, mainly refers to the delightful feeling
generated through the regulation of mental and physical health, as well as the resulting
cultural services.

2.2. Study Area and Sample Selection

The QNPSPA is one of the first ten system pilot areas (SPAs) for Chinese national
parks. Located in the west of the Zhejiang Province, it is a 252 km2 area at the junction
of three provinces, namely, Zhejiang, Jiangxi, and Anhui (Figure 1). The QNPSA is home
to 9744 people living in four towns/townships: Suzhuang Town (1030 people in 383
households), Qixi Town (2621 people in 659 households), Hetian Township (2068 people in
587 households), and Changhong Township (3825 people in 1044 households).
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Figure 1. Land use map and cultural ecosystem service functions of the study area. Note: land
use data are from the Resources and Environmental Science and Data Center, Chinese Academy of
Sciences (https://www.resdc.cn/, accessed on 3 July 2022).

The QNPSPA carries the typical features of the collective forest areas in southern
China: a high proportion of collective forest lands and a complex ownership. The industrial
structure in the area is relatively simple; the residents mainly make a living by selling agri-
cultural and forestry products, or working as migrant workers. The primary agricultural
crops are rice and corn, while the dominant product of economic forests is tea seed oil. The
economic development of the community relies on the production of bamboo and wood,
tea, and other agricultural and forestry by-products. Agritainment and other forms of
leisure tourism are still in their infancy. Most of the leisure tourism projects in the area are
operated spontaneously on a small scale. According to the Overall Plan for Qianjiangyuan
National Park System Pilot Area (2016–2025), the Qianjiangyuan National Park Administra-
tion Bureau will develop community industries in an orderly manner and reasonably guide
the industrial upgrading process. The communities within the boundaries of the national
park will be allowed to carry out the following activities: eco-agriculture, eco-forestry, and
rural tourism. These activities involve such industries as organic tea production, freshwater
fish farming, creative agriculture, camellia oleifera economic forest, moso bamboo, and
rural tourism. Among them, the primary industries like tea production, freshwater fish
farming, and camellia oleifera economic forest are relatively large.

Drawing on the previous research [32,33], the empirical questionnaire mainly involves
personal conditions, the cognition of the cultural service functions, and value evaluation
(Appendix A). Three pre-surveys were carried out from August to September, 2020. The
residents are mostly middle-aged and elderly. The pre-surveys found that the residents
did not fully understand the concepts of cultural ecosystem services, landscape aesthetics,

188



Land 2022, 11, 1566

and functional values (Appendix B, Figure A1). Therefore, the residents were surveyed one
after another through face-to-face interviews.

Based on the community and population data provided by Qianjiangyuan National
Park Administration Bureau, the research team conducted a field investigation of the 19 ad-
ministrative villages in the 4 towns/townships (i.e., Suzhuang, Changhong, Hetian, and
Qixi) within the QNPSPA, namely, Hengzhong, Yucun, Tangtou, Xixi, Maotan, Suzhuang,
Gutian, Xiachuan, Zhenzikeng, Kukeng, Gaosheng, Lulian, Tianfan, Longkeng, Liyangtian,
Renzongkeng, Shangcun, Zuoxi, and Qixi. Owing to ecological migration and the relocation
policies, there was no permanent resident in Gaosheng.

The research team was led by the staff of Qianjiangyuan National Park Administration
Bureau, the staff of the law enforcement office in the relevant towns/townships, the cadres
of the said administrative villages, and the forest rangers, and explained the details of the
questionnaire survey to community residents in public venues like cultural halls, ancestral
temples, village committee offices, and party and public service centers. The residents were
invited to fill out the questionnaire. In addition, household visits were paid by the research
team under the guidance of village cadres and forest rangers.

A total of 531 questionnaires were released, and 457 (86.06%) effective responses were
obtained, including 145 from Suzhuang Town, 79 from Changhong Township, 124 from
Hetian Township, and 109 from Qixi Town (Table 2). On the whole, the survey results of
this study are basically consistent with the sample survey results conducted before the
establishment of the national park.

Table 2. Statistics on valid samples.

Towns/
Townships

Administrative
Villages

Village
Code

Number of
Households

Population
Sample

Size

Suzhuang
Town

Hengzhong HZ 174 578 25
Yucun YC 44 118 18

Tangtou TT — — — — 22
Xixi XX — — — — 9

Maotan MT — — — — 40
Suzhuang SZ 38 106 20

Gutian GT 137 428 11

Changhong
Township

Xiachuan XC 438 1487 25
Zhenzikeng ZXK 229 815 34

Kukeng KK 377 1523 20

Hetian
Township

Gaosheng GS — — — — — —
Lulian LL 154 493 46
Tianfan TF 140 496 31

Longkeng LK 293 1079 47

Qixi Town

Liyangtian LYT 110 337 26
Renzongkeng RZK 192 634 19

Shangcun SC 219 670 9
Zuoxi ZX 119 612 28
Qixi QX 119 368 27

Total 19 2783 9744 457
Note: The dash line in the column of population indicates that the administrative village does not fall in the
QNPSPA, yet the land owned by the village collective (e.g., farmlands and forests) belong to that area. The
residents of these villages were also surveyed.

2.3. Entropy Weight Method (EWM)

The predecessors held that indices for the cognition of cultural services contribute
differently to the composite score of the cultural ecosystem service functions [37]. Before
comprehensive evaluation, it is necessary to assign a proper weight to each index. The
EWM, an objective weighting approach for composite index evaluation, eliminates the
effects of subjective human factors and outshines the traditional subjective weighting
methods in terms of reliability. The EWM is primarily based on the information volume
of each index. Entropy can be regarded as a measure of uncertainty. The greater the
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information volume, the lower the uncertainty of the index, the smaller the entropy, and
the larger the index weight. The inverse is also true. The EWM can be implemented in the
following steps:

Step 1. Data normalization
The original data xij are nondimensionalized through the normalization of the

deviance, producing the initial matrix for comprehensive evaluation Y = (yij)n×m
(0 ≤ i ≤ m, 0 ≤ j ≤ n). Under the j-th index, the index weight zij(0 ≤ zij ≤ 1) of the
i-th resident can be calculated by:

zij = yij/
m

∑
i=1

yij (1)

On this basis, the proportion matrix Z = (zij)m×n is established for the survey data.
The information entropy e and information utility d are computed for each index of cog-
nition of cultural services. The information entropy ej of the j-th cognition index can be
calculated by:

ej = −K
m

∑
i=1

zij In(zij) (2)

where K = 1/(In(m)) is a constant. The information utility dj of the j-th cognition index
depends on the difference between the entropy ej and 1. The greater the dj, the larger the
weight of that cognition index. The information utility dj can be calculated by:

dj = 1 − ej (3)

Step 2. Index weighting
The greater the information utility dj, the larger the weight of the index of cognition of

cultural services, and the more prominent the contribution of the index to the composite
cognition. The weight of the j-th cognition index can be calculated by:

wj = dj/
n

∑
j=1

dj (4)

Step 3. Composite score calculation
The composite score U is obtained by weighted summation. The greater the U, the

better the effect of the samples. Let wj be the weight of the j-th index. Then, the composite
score U can be calculated by:

U =
n

∑
i=1

yijwj × 100 (5)

2.4. Fuzzy Comprehensive Evaluation (FCE)

Utilizing the membership theory of fuzzy mathematics, the FCE is a comprehensive
evaluation method for quantitative analysis. For the QNPSPA, the cognition evaluation
of the cultural ecosystem service functions is a fuzzy task. Based on fuzzy mathematics,
the qualitative evaluation for the cultural ecosystem service functions of the QNPSPA was
transformed into quantitative evaluation, which is more pertinent and systematic than
traditional approaches like analytic hierarchy process (AHP). Inspired by existing studies,
the cultural ecosystem service functions of the QNPSPA were evaluated through primary
FCE and the overall cognitive value of these functions was assessed by secondary FCE [37].

The primary FCE includes the following steps:
Step 1. Setting up the FCE index set
The sets of primary indices are established as B1 = {C1, C2, C3}, B2 = {C4, C5, C6},

and B3 = {C7, C8, C9}; the set of secondary indices is established as A = {B1, B2, B3}.
Step 2. Setting up the comment set
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The comment set can be established as V = {V1, V2, V3, V4, V5}: {strongly high, slightly
high, neutral, slightly low, strongly low}.

Step 3. Setting up the FCE matrix
The weight set vector K is calculated for each index by the EMV. Then, m residents

are invited to evaluate the index set A, forming a fuzzy mapping. The relevant results are
summarized into the FCE matrix R:

R =

⎡
⎢⎢⎢⎣

r1
r2
...

rm

⎤
⎥⎥⎥⎦ =

⎡
⎢⎢⎢⎣

r11 r12 · · · r1n
r21 r22 · · · r2n
...

...
...

...
rm1 rm2 · · · rmn

⎤
⎥⎥⎥⎦ (6)

where rij is the degree of comments V1, V2, · · · , V5 made by each resident on each index
(0 ≤ i ≤ m, 0 ≤ j ≤ n). According to the principle of maximum membership, the
maximum rij is set to 1.

Step 4. Setting up the primary FCE set
The primary FCE set is derived from the weight set vector K and the FCE matrix R.

For the three types of cultural service functions, the primary FCE sets SB1, SB2, and SB3 can
be calculated by:

SBi = KBi ∗ RBi = (b1i, b2i, . . . bni) (7)

where ∗ is the generalized fuzzy synthetic operation.
By the principle of maximum membership in FCE, the comment set Vj corresponding

to maximum bj is the optimal result of our primary FCE. Let ∗∧ be the generalized fuzzy
AND operation; ∗∨ be the fuzzy OR operation. Then, bj can be calculated by:

bj = (a1 ∗∧ r1j) ∗∨ (a2 ∗∧ r2j) ∗∨··· ∗∨(am ∗∧ rmj) (8)

The evaluation is one-sided, when only SBi is taken as the evaluation index. For
comprehensiveness, SBi was sorted out to obtain the secondary index SB for secondary FCE.
The secondary FCE includes the following steps:

Step 1. Setting up the secondary judgement matrix
Based on the secondary fuzzy index set A, SB1, SB2, and SB3 can be organized into the

secondary judgement matrix SB:

RB =

⎡
⎣SB1

SB2
SB3

⎤
⎦ =

⎡
⎣b11 b12 b13

b21 b22 b23
b31 b32 b33

⎤
⎦ (9)

Step 2. Setting up the secondary FCE set
The latter part of the secondary FCE is consistent with that of the primary FCE. The

secondary FCE set SB can be established as:

SB = KB ∗ RB = (b1, b2, · · · , bn) (10)

Since the QNPSPA cultural ecosystem service functions are fuzzy, the idea of fuzzy
mathematics was drawn to comprehensively consider the fuzzy comment subsets SB and
SBi. In this way, the cognitive aesthetic values of the QNPSPA were depicted quantitatively,
making the evaluation more realistic. Specifically, the level was determined for each
comment in the comment set V. The column vectors of the lines were compiled into the
score set N = (N1, N2, N3, N4, N5)

T = (5, 4, 3, 2, 1)T corresponding to the comment set.
Based on the score set N, the levels can be solved through the inner product operation of
the vectors:

SB · N =
n

∑
j=1

bj · Nj (11)
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where SB is a fuzzy comment subset; N is the score set. Note that the specific levels P are real
numbers. In this paper, the result of secondary FCE SB is normalized such that 0 ≤ b ≤ 1
and ∑ bj = 1. Thus, the value of real number P is the weighted mean of the secondary FCE
set SB as the weight vector is relative to N1, N2, N3, N4, and N5. In other words, the value
of real number P reflects the comprehensive information from the secondary FCE set SB
and the score set N, laying the basis for solving the actual composite score for the QNPSPA
cultural ecosystem service functions.

3. Results

3.1. Demographics

To ensure the data quality of the questionnaire survey, the sample data were subjected
to reliability and validity tests on IBM SPSS Statistics. It was calculated that the Cronbach’s
alpha (0.805) was greater than 0.8, and the Kaiser–Meyer–Olkin (KMO) statistic (0.873) fell
between 0.8 and 0.9 and achieved significance at the level of 95%, and even 99%. Referring
to the standards of reliability and validity, the survey data on the community residents in
the QNPSPA are of good internal consistency and structural validity.

As shown in Table 3, more male residents (50.33%) were surveyed than females
(49.67%). The middle-aged (41–55) group was the largest age group among the respondents
(39.82%), followed by the middle-aged and elderly (56–70) (32.39%). The smallest group
was young people of 25 and below (2.84%). Among the respondents, 45.30% were either
illiterate or graduates of primary schools; 34.79% and 19.91% had graduated from junior
high schools and senior high schools and above, respectively. In terms of occupation, most
of the respondents were farmers (62.58%). The second largest group (20.35%) worked in
individual service industries, such as agritainment, homestays, and sales. Quite a few
respondents worked in factories (7.44%) or worked in other cities (5.91%). The majority of
the respondents earned CNY 50,000 and below. Notably, 188 (41.14%) of the respondents
had an annual mean income of CNY 20,000 and below; 35.89% had an annual mean income
of CNY 30,000–CNY 50,000; only 3.50% earned an average of CNY 160,000–CNY 300,000;
and 1.53% earned CNY 310,000 and above, respectively, each year. The respondents (87.53%)
had largely been living in the study area for 20 years or more. Only 2.19% had been living
there for five years or less.

Table 3. Demographics of the respondents.

Demographics
Number
(People)

Proportion (%)

Gender
Male 230 50.33

Female 227 49.67

Age

≤25 13 2.84
26–40 57 12.47
41–55 182 39.82
56–70 148 32.38
≥71 57 12.47

Education level

Primary school and below 207 45.30
Junior high school 159 34.79

Senior high school and
secondary technical school 67 14.66

Higher vocational school and
junior college 21 4.60

Ordinary college and above 3 0.66

Occupation

Farmers 286 62.58
Individual service workers 93 20.35

Enterprise employees 34 7.44
Migrant workers 27 5.91

Students 8 1.75
Others 9 1.97
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Table 3. Cont.

Demographics
Number
(People)

Proportion (%)

Annual mean income

≤CNY 20,000 188 41.14
CNY 30,000–CNY 50,000 164 35.89
CNY 60,000–CNY 150,000 82 17.94
CNY 160,000–CNY 300,000 16 3.50

≥CNY 310,000 7 1.53

Years of local residence

5 years and below 10 2.19
6–10 years 23 5.03

11–20 years 24 5.25
21 years and above 400 87.53

3.2. Cognition of Cultural Ecosystem Services

As shown in Figure 2, more residents (91.68%) perceived the ecological improvement
function in the QNPSPA than the other aesthetic values. More than 80% of the responds
perceived the living environment improvement function (89.72%) and art inspiration
function (86.43%). The following aesthetic values were cognized by more than 70% of
the respondents: art inspiration function (78.77%), spiritual worship (75.05%), health care
(75.05%), and wilderness protection (74.84%). System governance (69.37%) and folk culture
popularization (68.71%) were perceived by over 60% of the respondents.

Figure 2. Proportion of community residents with different cognition degrees of cultural service
functions.

Over 50% of the respondents strongly agreed that the QNPSPA had the ecological
improvement function. Over 40% strongly agreed that the QNPSPA had the living environ-
ment improvement function and art inspiration function. Over 30% perceived wilderness
protection, health care, the art inspiration function, and spiritual worship significantly.
Over 20% found the folk culture popularization very prominent. In addition, over 10%
strongly perceived the system governance function.

The QNPSPA covers four towns/townships in different functional zones. The different
management methods lead to variations in how the residents of different towns/townships
perceive cultural ecosystem services. The cognition of cultural ecosystem services in
Suzhuang Town, Hetian Township, Changhong Township, and Qixi Township is displayed
in Figure 3.
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Figure 3. Cognition of cultural service function in different towns.

Among the residents of Suzhuang Town, over 90% held the view that the QNPSPA had
ecological improvement, art inspiration, and living environment improvement functions.
Around 75% believed that the area had wilderness protection, folk culture popularization,
and science education functions. Sixty-eight percent claimed that the area had system
governance and spiritual worship functions. Every cultural ecosystem service of the
QNPSPA was recognized by more than 60% among the residents of Hetian Township.
The ecological improvement function won the most beholders (93.55%), while that of
wilderness protection was perceived by the fewest respondents (63.71%). Every cultural
ecosystem service of the QNPSPA was recognized by more than 40% among the residents
of Changhong Township. The ecological improvement function was cognized by the largest
group of respondents (97.47%), while that of folk culture popularization was perceived
by the smallest group (69.62%). Every cultural ecosystem service of the QNPSPA was
recognized by more than 50% among the residents of Qixi Town. More than 80% of the
respondents agreed that the QNPSPA boasts the functions of ecological improvement
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and living environment improvement. By contrast, system governance and folk culture
popularization were the least perceived functions, but the recognizers still took up more
than 60% of the respondents.

As shown in Table 4, the cultural ecosystem services of the QNPSPA can be ranked
by the community residents’ cognitive score as: the ecological improvement function
(2.44) > living environment improvement function (2.38) > art inspiration function (2.29) >
wilderness protection/science education/health care function (2.11) > spiritual worship
function (2.05) > folk culture popularization function (1.91) > system governance function
(1.89). In general, the residents of different administrative villages had a high cognition of
ecological improvement, living environment improvement, and art inspiration functions,
and a low cognition of folk culture popularization and system governance functions.
The ecological improvement function was the most cognized cultural service function in
all the villages of Suzhuang Town, Changhong Township, and Qixi Town, while living
environment improvement was the most perceived function among the residents of Hetian
Township. The system governance function was the least perceived function among those
living in Suzhuang Town and Changhong Township, while folk culture popularization was
that among the residents in Hetian Township and Qixi Town.

Table 4. Community residents’ cognitive scores of cultural service functions.

Cultural Service Function Suzhuang Hetian Changhong Qixi Total

Ecological improvement 2.48 2.35 2.61 2.37 2.44
Wilderness protection 2.14 1.8 2.37 2.25 2.11

System governance 1.92 1.85 1.97 1.83 1.89
Spiritual worship 2.00 1.95 2.38 2.00 2.05

Folk culture popularization 2.03 1.81 1.99 1.82 1.91
Art inspiration 2.35 2.29 2.39 2.15 2.29

Living environment
improvement 2.42 2.42 2.52 2.18 2.38

Science education 2.08 2.16 2.41 1.87 2.11
Health care 2.16 2.06 2.25 1.99 2.11

The cognitive scores of the cultural service functions in 18 administrative villages
(residents of Gaosheng had been entirely relocated) were subjected to cluster analysis. The
resulting spatial distribution of the cultural service functions cognized in different villages
is displayed in Figure 4.

The living environment improvement function was perceived as neutral and strongly
high in 17 administrative villages; the ecological improvement and wilderness protection
functions were cognized as neutral and strongly high in 15 administrative villages; the
folk culture popularization and science education functions were cognized as neutral
and strongly high in 14 administrative villages; the health care function was cognized
as neutral and strongly high in 13 administrative villages; the system governance and
art inspiration functions were cognized as neutral and strongly high in 11 administrative
villages; and the spiritual worship function was cognized as neutral and strongly high
in 10 administrative villages. The spiritual worship function received a strongly low
cognition in more administrative villages (eight) than any other function, followed by
the system governance and art inspiration functions, each of which received a strongly
low cognition in only seven villages. Overall, at the spatial pattern level, the residents in
different communities (administrative villages) differed significantly in the cognition of
different cultural service functions.
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Figure 4. Spatial distribution of cultural service functions cognized by different villages. Note: the
code of each administrative village is given in Table 2.

3.3. Influence of Demographics on the Cognition of Cultural Ecosystem Services

As shown in Table 5, gender had a significant impact on the respondents’ cognition of
the system governance function. Age prominently influenced the ecological improvement,
wilderness protection, system governance, folk culture popularization, art inspiration, sci-
ence education, and health care functions. Education level directly bore on the cognition of
the ecological improvement, wilderness protection, system governance, spiritual worship,
folk culture popularization, science education, and health care functions. Occupation had a
prominent effect on the cognition of the ecological improvement, folk culture populariza-
tion, art inspiration, science education, and health care functions. The annual mean income
exerted a major impact on the cognition of the ecological improvement, system governance,
and science education functions.
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The demographic differences in the cognition of cultural ecosystem services are sum-
marized below: males generally perceived cultural ecosystem services better than females.
Natural experience functions were the best recognized aesthetic value among those aged
26–40; the young residents at 40 and below, plus the middle-aged and elderly aged over
41, had a relatively high cognition degree of the social service functions and humanistic
concern functions. The natural experience functions and humanistic concern functions
were the best recognized aesthetic values among the residents who had graduated from
higher vocational schools and junior colleges, while the humanistic concern functions were
the best recognized functions among the residents who had graduated from senior high
schools and secondary technical schools. Farmers failed to perceive any of the cultural
ecosystem services highly. The ecological improvement function was the best cognized
function among the respondents earning CNY 160,000–300,000 each year. System gov-
ernance was the best cognized function among those with an annual mean income of
CNY 60,000–150,000. The science education function was better recognized than any other
function among those earning CNY 310,000–500,000 per year.

3.4. Importance of Cultural Ecosystem Service Functions

The weights of the evaluation indices for the cultural service functions were solved by
the EWM (Table 6). The cognitive weights of the natural experience functions, humanistic
concern functions, and social service functions were 0.3286, 0.3503, and 0.3211, respectively.

Table 6. Index weights for cognition evaluation of cultural ecosystem services of community residents.

Criteria Layer Weight
Index
Value

Index Layer
Global
Weight

Intra-Class
Weight

Index
Value

Natural experience (B1) 0.3286 0.6885
Ecological improvement (C1) 0.0695 0.2115 0.1697

Wilderness protection (C2) 0.1314 0.3998 0.2777
System governance (C3) 0.1277 0.3887 0.2412

Humanistic concern
(B2) 0.3503 0.7218

Spiritual worship (C4) 0.1248 0.3562 0.2561
Folk culture popularization (C5) 0.1355 0.3867 0.2591

Art inspiration (C6) 0.0901 0.2572 0.2066

Social service
(B3) 0.3211 0.6985

Living environment improvement (C7) 0.0778 0.2421 0.1851
Science education (C8) 0.1133 0.3529 0.2390

Health care (C9) 0.1300 0.4050 0.2743

By the importance of each index, the three types of cultural service functions could
be ranked as humanistic concern functions > natural experience functions > social service
functions, whose index values were 0.6885, 0.7218, and 0.6985, respectively. On the cogni-
tion of the community residents, the humanistic concern functions are the most important
cultural ecosystem service of the QNPSPA.

In terms of the natural experience functions, wilderness protection was the most
important function (cognitive weight: 0.3998), followed by system governance (cognitive
weight: 0.3887); ecological improvement was the most unimportant function (cognitive
weight: 0.2115).

In terms of the humanistic concern functions, folk culture popularization was the most
important function (cognitive weight: 0.3867), followed by spiritual worship (cognitive
weight: 0.3562); art inspiration was the least important function (cognitive weight: 0.2572).

In terms of the social service functions, the first and second most important functions
were health care (cognitive weight: 0.4050) and social education (cognitive weight: 0.3529);
the least important function was the living environment improvement function (cognitive
weight: 0.2421).
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3.5. Evaluation Results on Cultural Ecosystem Service Functions

Following the FCE procedure, the FCE matrices RB1, RB2, and RB3 can be established
for the natural experience, humanistic concern, and social service functions of the QNPSPA,
respectively:

RB1 =

⎡
⎣ 0.5427 0.3786 0.0613 0.0175 0.0000

0.3654 0.3829 0.1729 0.0591 0.0197
0.1947 0.4989 0.2429 0.0481 0.0153

⎤
⎦

RB2 =

⎡
⎣ 0.3020 0.4486 0.1904 0.0547 0.0044

0.2254 0.4617 0.0394 0.1160 0.1575
0.4289 0.4354 0.1072 0.0197 0.0088

⎤
⎦

RB3 =

⎡
⎣ 0.4902 0.4114 0.0788 0.0131 0.0066

0.3217 0.4661 0.1357 0.0591 0.0175
0.3632 0.3961 0.1554 0.0788 0.0066

⎤
⎦

Through the compound operation of the fuzzy matrices, the primary FCE sets SB1, SB2,
and SB3 were obtained for the natural experience, humanistic concern, and social service
functions, respectively. On this basis, the secondary FCE matrix can be constructed for the
cognition evaluation of cultural ecosystem services in the QNPSPA:

RB =

⎡
⎣SB1

SB2
SB3

⎤
⎦ =

⎡
⎣ 0.3366 0.4271 0.1765 0.0460 0.0138

0.3050 0.4503 0.1106 0.0694 0.0647
0.3793 0.4245 0.1299 0.0559 0.0104

⎤
⎦

Finally, the FCE set can be derived through the compound operation of the fuzzy
matrices for the community residents’ cognition of cultural ecosystem services:

SB = KB ∗ RB = (0.3392 0.4344 0.1384 0.0574 0.0306)

As shown in Table 7, the community residents had a moderate to high level of cognition
for the cultural ecosystem service functions in the study area (3.99), according to the
comments in the score set corresponding to the maximum value of the FCE set, and the
principle of maximum membership of the FCE.

Table 7. Scores of cultural ecosystem service functions of community residents.

Goal Layer Score Criteria Score Index Layer Score

Cultural ecosystem
service functions

(A)
3.99

Natural experience
(B1) 4.03

Ecological improvement (C1) 4.45
Wilderness protection (C2) 4.02

System governance (C3) 3.80
Humanistic

concern
(B2)

3.86
Spiritual worship (C4) 3.99

Folk culture popularization(C5) 3.48
Art inspiration (C6) 4.26

Social service
(B3) 4.11

Living environment improvement (C7) 4.36
Science education (C8) 4.00

Health care (C9) 4.03

4. Discussion

4.1. Community Residents Have Different Cognitions of QNPSPA Cultural Ecosystem
Service Functions

Considering the realization of cultural functions in national parks, this study scientifi-
cally classifies the cultural ecosystem service functions of the QNPSPA from the perspective
of the benefits of the community residents. Three kinds of cultural service functions were
summarized, namely, natural experience, humanistic concern, and social service. Through
the scientific categorization of cultural service functions, we clarified the core research ob-
jects and their basic connotations. The understanding of cultural ecosystem services among
the community residents is mainly reflected by indices like the ecological improvement,
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art inspiration, and living environment improvement functions. These indices are easy
for the residents to understand, thanks to their intuitiveness, perceptibility, and visibility.
The functions and benefits of these services can be easily perceived by people in their
daily life [35]. Nevertheless, the emotional and spiritual benefits of cultural ecosystem
services are usually subtle, implicit, and expressed indirectly [38]. Unlike other ecosystem
services, cultural ecosystem services are difficult to be felt or seen. To understand cultural
ecosystem services, one must be familiar with the ecological processes, which is no easy task
for the community residents. Analysis reveals some differences between the community
residents in the cognition of the cultural ecosystem service functions. These differences
mainly arise from the residents’ internal interests and cognition difficulty [39]. Most of the
residents have lived in the QNPSPA for over 20 years. Their production and life are closely
linked to the QNPSPA ecosystem; it is natural for them to emphasize the cultural service
functions provided by the QNPSPA landscapes in terms of the natural eco-environment.
In addition, the QNPSPA is an important ecological functional area of the Yangtze River
Delta, a population stronghold and socioeconomic high ground of China. The permanent
residents in this area view a good eco-environment as a high-quality resource and treat it
as a significant advantage over the other areas of the Yangtze River Delta. This is consistent
with the results of Ridding et al. (2018), Peng et al. (2019), and Yu (2019) [40–42].

According to the results of the structured interviews, the residents who were inter-
viewed were generally old. Most of the young people in their families seek jobs in nearby
cities, such as Hangzhou and Shanghai. The permanent residents in the community are
mainly middle-aged and elderly people. The internal demand for better ecological condi-
tions and a beautiful community environment directly affects how the respondents evaluate
the functions of cultural services. The functions more in line with their needs attract more
attention [43]. In this study, the community residents were interviewed deeply. The results
show that, under the wild animal protection policies in the national park, the QNPSPA is
overflown with wild boars, which often destroy the production spaces (e.g., farmlands and
vegetable fields) of the community residents and disturb their daily life. Therefore, the
cultural, ecological, and economic values of forests can promote each other and may conflict
with each other. Recent studies have shown that the housing price could be improved if
the houses were surrounded by forests or woods, provided that the forests or woods are
not too biologically diverse and are highly accessible. Otherwise, the housing price will
remain low because most residents fear wild animals [44]. With the growing need for the
cultural value of the forests, the contradiction between the cultural value and ecological
and economic values becomes increasingly prominent. Then, people start paying attention
to the balance between the cultural, ecological, and economic values of forests [45,46].

The natural experience function is highly perceived in Suzhuang Town, but not so in
Hetian Township. The wilderness protection function is highly perceived in Changhong
Township, but poorly cognized in Hetian Township. The results have much to do with the
natural eco-environment of the regions. Suzhuang Town, the site of the original Gutian
Mountain Nature Reserve, boasts a high ecological quality. The residents of the town have
a natural advantage in perceiving natural experience. By contrast, Hetian Township is
densely populated and dominated by farmland. The frequent human interference drags
down the perception of the residents of the natural experience function. That is why the
wilderness protection function is poorly cognized in Hetian Township. The high cognition
of Changhong Township dwellers is possibly due to the complex geology and landform;
the unique terrain of the township leads to rich geological landscapes, including hills,
valleys, rocks, cliffs, and canyons. These resources push up the perception of locals for the
wilderness protection function.

The participation of community, an integral part of national parks, is crucial to the sus-
tainable development of national parks. Community-based co-management, also known as
community participatory management, community cooperative management, or commu-
nity co-management, is a management mode in which local residents and the government
share responsibilities and obligations. The main purpose of the mode is to achieve a win-
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win between ecological protection and community sustainability. The establishment of a
national park has a great impact on those who have been living in the area for a long time.
It is particularly important to properly handle the interests of the community residents.
Our survey reveals that Qianjiangyuan National Park Administration Bureau provided the
community residents with job opportunities, such as rangers, tour conductors, and sanitary
workers. The residents are therefore motivated to participate in the joint management.
Nonetheless, the community residents generally have not realized their right of supervision
over the construction of the national park, nor exercised their supervision power in a wide
range. In fact, they have not become the master of national park management. Owing to
the complex natural conditions in the study area, long-term dwellers in the region have
formed the traditional cultural concept of respecting and conforming to nature, which is
very conducive to the ecological protection of the national park. This concept is worthy of
further examination and consideration.

4.2. Demographics Significantly Affect the Cognition of QNPSPA Cultural Ecosystem
Service Functions

Cultural ecosystem services are the most direct and fastest way for the community
residents to enjoy the landscape values of national parks, providing an important way to
promote ecosystem management [47]. From the perspective of the landscape aesthetics ben-
efits of the community residents, the cognition of the cultural ecosystem service functions
in a national park depends heavily on gender, age, income, and other demographic features.
Different cognitions will result in different ecological protection behaviors (positive or
negative) for the national park [48].

Except for the years of local residence, the community residents’ cognition of differ-
ent cultural ecosystem service functions in the QNPSPA varied significantly with their
demographic features. Among them, age significantly affects all the functions of natural
experience (ecological improvement, wilderness protection, and system governance), with
the p-value remaining below 0.01. Age could greatly influence service functions like health
care and science education (p < 0.01). In semi-structured interviews, many residents ex-
pressed an unwillingness to leave their community, even if the community has some defects.
This complex may be related to the age of the interviewees. According to experience, old
people are more nostalgic than young people. Therefore, the construction of the QNPSPA
cultural functions should focus on the age differences of the audience. For the community
residents of different ages, it is important to strengthen the management of landscape
forests, especially the plant landscape (a semi-natural area surrounding the community)
configuration and artistic conception around the community.

Meanwhile, the community residents are mainly middle-aged and elderly people.
In-depth interviews show that they are very concerned about health. From the perspective
of human healthcare, it is necessary to better manage and show a tendency towards “green
shower” forests in the QNPSPA. Medial research has proved the health functions of natural
factors like forest volatile matters and negative oxygen ions. The forest environment plays
a major role in stress relief, immunity boosting, and anxiety mitigation [49]. This study also
found that the community residents of different ages vary significantly in their cognition
of the health care function. Drawing on field surveys, we suggested developing the forest
health and wellness industry, relying on the rich forest resources and convenient traffic of
the QNPSPA. It is advised to properly plan a forest health and wellness base in the south
of the QNPSPA and cultivate “green shower” forests by planting antioxidant tree species,
such as camphor, camphor, metasequoia, Chinese yew, Sakura, and tea.

In addition, occupation significantly affects all the functions of social service (living
environment improvement, science education, health care). The significance of the science
education function was p < 0.01. Moreover, education level significantly affects all the
functions of natural experience (ecological improvement, wilderness protection, and system
governance), with the p-value remaining below 0.05. Under the premise of protecting natu-
ral resources, the audience of different occupations and education levels are recommended
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to develop a batch of natural education bases to meet the needs of multiple age groups,
based on existing rural schools, community parks, and outdoor activity spaces. In addition,
the famous and ancient trees in the surroundings should be utilized to build new forms of
science education spaces, e.g., forest classrooms and outdoor blackboard walls.

4.3. Different Cultural Ecosystem Service Functions Differ in Importance and Evaluation Score

When it comes to the importance of the cognition of the cultural ecosystem service
functions, the humanistic concern functions were regarded as the most important, followed
by the natural experience functions; the social service functions were considered the least
important. In terms of specific functional indices, the community residents cognize different
cultural service functions. The most important functions in their eyes include folk culture
popularization, wilderness protection, and health care. However, the cognition degrees of
these functions show that the QNPSPA has not fully mined the traditional aesthetic and
cultural values. Deeper research and practice are wanted, combined with different regional
functions and the distribution of cultural resources. This corresponds with Xiao’s (2018)
evaluation of the suitability of the QNPSPA for recreational use [50].

The interviews suggest that the community residents generally have high aesthetic
requirements and cultural needs for the QNPSPA landscapes, as evidenced by the general
preference for plant landscapes with rich colors and cultural connotations. In China, many
ethnic groups and regions have forest culture traditions like holy mountains, divine trees,
and feng-shui forests. These culture traditions crystallize the history of various ethnic
groups and regions, nurture their survival, development, and growth, and play a vital
role in the protection of forests and ecosystems. In India, sacred forests and temple forests
symbolize the oldest forms of forest protection. With the overall degradation of forests
across the country, these forests and vegetation have been well protected due to religious
reasons [51]. Nonetheless, the excessive use of forest cultural services will negatively affect
forest resources. This issue has piqued the interest of many scholars [52–54]. The relevant
studies concentrate on the effects of tourism, outdoor sports, and other forest activities.
The International Union for Conservation of Nature (IUCN) (2016) pointed out that, as
outdoor leisure activities gain popularity, the impact of outdoor activities on wild animals
invites more attention from those engaged in animal protection. Overall, the QNPSPA
boasts a long history and profound cultural deposits. Many villages have preserved a
considerable number of feng-shui forests and famous ancient trees, most of which are more
than 300 years old. This reflects the value of traditional Chinese culture, and indirectly
promotes the ecological protection of the QNPSPA.

More and more scholars have confirmed that various outdoor activities will affect
ecosystem stability [55–58]. In addition, intensive recreational activities will cause many
ecological problems [59]. Thus, people should not only pay attention to cultural services in
national parks (or protected areas), but also look for ways to sustainably utilize cultural
service functions, and to maintain their impact on other services. The community structure
formed by ancient trees, famous woods, rare or unique tree species, and local tree species
presents an ecological landscape in the region. This landscape defines the general features of
the region, and may grow into the center of a specific history [60]. In the study area, ancient
camphor trees are often considered to have the ability to drive away evil spirits and bless
the healthy growth of infants. Thanks to this concept, many ancient camphor trees survive
urban construction. Nowadays, these camphor trees retain a certain spiritual connection
with residents and become a part of the local cultural landscape that attracts tourists.

According to the FCE of the QNPSPA cultural ecosystem service functions, the com-
munity residents, as major beneficiaries of the SPA policy, feel that the most effective
functions are the social service functions, while the worst performing functions are the
humanistic concern functions. These results directly reflect the interests of the respondents.
Studies have shown that professional knowledge is necessary to evaluate cultural service
functions [61]. That is why the traditional landscape aesthetics evaluations, e.g., the visual
management system (VMS) of the US Forest Service, mostly adopt the expert paradigm
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(one of the four major factions of American landscape aesthetic evaluation). For the above
reason, this study specially investigates a group of experts who are not core stakeholders
and unifies the research methodology, such that the evaluation results can be easily com-
pared with the survey results on the community residents. To ensure the representativeness,
the study mainly surveys the experts who used to research in the QNPSPA. For example,
some experts are from the National Ecological Positioning Station of Qianjiangyuan Forest
Ecosystem, Zhejiang A&F University, and East China Normal University. A total of 71 effec-
tive responses were collected. Through FCE, it was learned that the composite score given
by the experts to the cultural service functions of the QNPSPA was 3.92, slightly lower than
the score rated by residents.

Note that the score of the humanistic concern functions (3.16) was far lower than that
of the natural experience functions (4.18) and social service functions (4.30). The situation
echoes with the findings of Yu Fei (2019), who studied the forest culture value of Tianmu
Mountain (in the same province as the QNPSPA), evaluated by a group of experts [42].
Hence, the cultural functions with rich humanistic connotations are not easily perceived by
people. To a certain extent, humanistic concern functions reflect higher spiritual needs than
cultural services, a mirror of social and physical attributes. It takes a long time to construct
the cultural cognition of humanistic concern functions, as stated by Han et al. [62].

Culture, a product of the interaction between human activities and the natural envi-
ronment, exerts an influence over the environment and human society. Cultural activities
and cultural identity can improve the toughness of rural communities against external
shocks [63,64]. Zhang et al. discovered that, among agricultural cultural heritages, culture
maintains the stability of traditional landscapes through its attraction and resistance [65].
According to Maslow’s Hierarchy of Needs, the higher the composite index of the subject
cognitive level, the more difficult it is for such subjects to realize their needs. From this per-
spective, the community residents have a high demand for the QNPSPA cultural ecosystem
services. This means the QNPSPA should step up its efforts in cultural construction.

4.4. Limitations and Future Outlook

Cultural ecosystem services are a cross-disciplinary topic. The indices of such services
should be more accurate and complete. Some studies have demonstrated the action of
cultural ecosystem services on human well-being, but the action is not clearly quantified.
Additionally, the existing studies mostly focus on a global or national scale, failing to tackle
specific national parks. What is worse, the evaluation indices are very limited [35,66]. In
future, it is important to establish index systems suitable for the cultural ecosystem services
of national parks by integrating multiple disciplines and to step up the research on the
relationship between cultural services and other service functions and human well-being,
highlighting the importance of the application of cultural ecosystem services in planning
and management decision making.

The research results provide a reference for improving the management of national
parks and ease the growing contradiction between people and land. Drawing on the
above conclusions, the authors suggest that regional features should be highlighted in the
landscape plans of villages, in the light of the culture of specific villages, and the differences
between towns/townships in cultural service functions, in addition to the protection of
local ecological resources. For example, Qixi Town could expand the wild alpine azalea
into a plant landscape spanning thousands of mus. Referring to the architectural features
of residential houses, folk culture tourism villages like Liyangtian could plant fruit trees
before and behind houses, creating profound local flavors. The QNPSPA could optimize
the tree species configuration in key spaces and strengthen landscape creation in cultural
venues like religious sites, red education sites, and cultural public activity spaces.

5. Conclusions

Taking the QNPSPA as the study area, this paper clarifies the main types of cultural
ecosystem service functions in the national park and scientifically evaluates the importance
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of each function, as well as the overall level of these functions, from the angle of the
community residents’ functional benefits from cultural services. The main conclusions are
as follows:

(1) The community residents value the benefits brought by the QNPSPA the most
in terms of the ecological improvement function (2.44), and the situation is consistent
across the four towns/townships. By contrast, the community residents attach the least
importance in terms of its benefits to the system governance function (1.89), but the situation
varies between towns/townships. Specifically, Hetian Township had the lowest cognition
of the wilderness protection function (1.80), while Qixi Town had the lowest cognition of
the folk culture popularization function (1.82);

(2) Except for the years of local residence, the community residents’ cognition of
the QNPSPA cultural ecosystem service functions may vary significantly. Among them,
age and education level significantly affect all the functions of natural experience, while
occupation significantly affects all the functions of social service;

(3) Concerning the importance of functional indices, the importance scores of the
natural experience functions, humanistic concern functions, and social service functions are
0.3286, 0.3503, and 0.3211, respectively. Concerning the cognition of the cultural ecosystem
service functions, the community residents rated the cultural ecosystem service functions in
the QNPSPA as 3.99. By the principle of maximum membership, the community residents
had a moderate to high level of cognition for the cultural ecosystem service functions. The
different types of functions can be sorted by effectiveness as: the social service functions
(4.11) > natural experience functions (4.03) > humanistic concern functions (3.86).
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Appendix A. Questionnaire of Community Residents on Cultural Ecosystem Service

Functions in the Qianjiangyuan National Park System Pilot Area

Dear Sir/Madam, Hello!
We are researchers from the Chinese Academy of Forestry, and this survey will

only be used for cultural ecosystem services research. Please feel free to fill in. Thank you
for your cooperation.

Questionnaire number: __________________; Village: __________________;
Functional area: __________________; Geographic coordinates:__________________
I. Basic survey of community residents
(1) Gender:
� Male � Female
(2) Age:_________________
(3) Your Education level:
� Primary school and below � Junior high school
� Senior high school and secondary technical school
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� Higher vocational school and junior college � Ordinary college and above
(4) Your occupation type:
� Farmers � Individual service workers � Enterprise employees
� Migrant workers � Students � Others
(5) Your annual income is:
� ≤CNY 20,000 � CNY 30,000-CNY 50,000 � CNY 60,000-CNY 150,000
� CNY 160,000-CNY 300,000 � ≥CNY 310,000
(6) How many years have you lived here:
� 5 years and below � 6-10 years � 11-20 years � 21 years and above
II. Cognition of cultural ecosystem service functions

According to your daily living experience in the System Pilot Area, please score
and evaluate your cognition of the following cultural ecosystem service functions.

Table A1. Cognition of cultural ecosystem service functions.

Cultural Ecosystem Service Functions Cognitive Situation Function Evaluation

Wilderness protection function � strongly agreee � agree � strongly disagree � very high � relatively high � general
� relatively low � very low

System governance function � strongly agreee � agree � strongly disagree � very high � relatively high � general
� relatively low � very low

Spiritual worship function � strongly agreee � agree � strongly disagree � very high � relatively high � general
� relatively low � very low

Folk culture popularization function � strongly agreee � agree � strongly disagree � very high � relatively high � general
� relatively low � very low

Art inspiration function � strongly agreee � agree � strongly disagree � very high � relatively high � general
� relatively low � very low

Living environment improvement
function � strongly agreee � agree � strongly disagree � very high � relatively high � general

� relatively low � very low

Science education function � strongly agreee � agree � strongly disagree � very high � relatively high � general
� relatively low � very low

Health care function � strongly agreee � agree � strongly disagree � very high � relatively high � general
� relatively low � very low

Wilderness protection function � strongly agreee � agree � strongly disagree � very high � relatively high � general
� relatively low � very low

Note: the interpretation of cultural ecosystem services was explained by the investigators to the community resi-
dents.
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Appendix B. Representative Landscape of Cultural Ecosystem Services

 

Figure A1. Schematic representation of representative landscapes for cultural ecosystem services.
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Abstract: Social equity is imperative both morally and instrumentally in the governance of protected
areas, as neglecting this consideration can result in feelings of injustice and thus jeopardize conser-
vation objectives. Despite the progressive attention paid to conservation equity, few have linked
it with co-management arrangements, especially in the context of terrestrial protected areas. This
study assesses the fairness perceptions in China’s Giant Panda National Park from recognitional,
procedural, and distributional dimensions, to further disclose their correlations with individuals’
characteristics and participation in co-management activities. The regression analysis shows that
all co-management types (instruction, consultation, agreement, and cooperation) are significantly
linked with certain directions of perceived social equity. One novel finding here is that alternative
types of co-management activities are influencing social equity in different ways. In addition, our
research discloses the effects of education across all equity categories, and location is merely sig-
nificantly related to recognitional equity. These findings suggest more inclusive and empowered
co-management endeavors to strive for more equitably managed protected areas. Crucial steps to
advance this include extending participative channels, co-producing better compensation plans,
strengthening locals’ conservation capabilities, etc. Herein, this study appeals to a greater focus on
social equity issues in co-management regimes, and tailored actions should be taken to tackle specific
local problems.

Keywords: protected areas; co-management; social equity; fairness perception; empowerment levels

1. Introduction

Protected areas are essential not only to sustain biodiversity and ecosystem services,
but also to support local livelihood and well-being [1]. By no means should indigenous
people and local residents be forced into victims and refugees of the global expansion of
protected areas [2]. Over the last two decades, there have been concerted efforts globally to
make protected areas more effectively and equitably managed, mostly for the benefits of
local communities [3,4]. The slogan of “equity and benefit sharing” was put forward by the
Convention on Biological Diversity’s Programme on Protected Areas in 2004. Furthermore,
the principle that protected areas should be “effectively and equitably managed” was
highlighted by the Aichi Biodiversity Target 11 in 2010 [5], which was later strengthened
by International Union for Conservation of Nature (IUCN) World Parks Congress held in
2014 [6]. The better understanding and consideration of social equity issues in protected
areas are believed to deliver better conservation outcomes, as protected areas can seldomly
survive without strong and firm social support from their surroundings [7–9].

The recent 5 years have witnessed a considerable increase in the number of studies
focusing on the social equity aspects of protected areas [10–12]. Zafra-Calvo et al. (2017)
established an indicator system to assess the equitable management of protected areas from
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recognitional, procedural, and distributional dimensions, and later applied this framework
to evaluate their interrelations among 225 protected areas globally [13,14]. Bennett et al.
(2020) expanded and enriched those indicators to capture the fairness perceptions of small-
scale fishermen in marine protected areas [15]. While some authors were inclined to look at
social equity issues from the perspective of distribution [16,17], others paid more attention
to the procedural or recognitional dimension [18,19].

Among all those researches, very few have linked social equity with co-management
of protected areas. Despite the fact that there is no commonly accepted concept for co-
management, this term is most frequently comprehended as the sharing of rights and
responsibilities among the governments, local resource users, and other partners (Carlsson
and Berkes 2005; Borrini-Feyerabend 2007) [20,21]. In addition, the majority of current
studies in this aspect are set in the context of marine protected areas or fisheries [16,22,23],
not in terrestrial protected areas, the co-management of which also displays significant
roles in forest, grassland, and biodiversity conservation [24,25]. Although several studies
have demonstrated how demographic attributes and social-economic characteristics, such
as gender, education level, and household wealth, can have impact on fairness percep-
tions of local communities toward the co-managed marine protected areas, none of these
have considered the influence of their involved co-management types [15,16]. Due to the
complexity and plurality of co-management mechanisms, local stakeholders are usually in-
volved in different co-management types and forms, showing the variability in perceptions,
attitudes, and behaviors toward protected areas, which are frequently related to social
equity issues [26,27]. To understand the correlation between participative co-management
activities and the fairness perceptions of grassroots is vital to achieve better social outcomes
of co-management in protected areas. On the contrary, the lack of this consideration in
enforcing co-management programs in protected areas can result in serious social conflicts,
and consequently lead to poor conservation performance [28].

In this paper, we aim to explore how participative co-management activities can have
influences on locals’ fairness perceptions in a newly designated terrestrial protected area
in southwestern China. Our research hypotheses are listed as follows: (1) Individuals’
demographic characteristics (e.g., gender, age, residency year, education, and profession)
can have influences on their fairness perceptions; (2) some household features (e.g., villages,
household size, migrant workers, annul income, and income sources) are associated with
individuals’ perceived fairness; (3) the number and type of participative co-management
activities are positively linked with villagers’ fairness perceptions. In the IUCN guideline
of good governance of protected areas, those co-management arrangements diversified
into five types, namely, instructive, consultative, agreement, cooperation, and empow-
erment, based on their empowerment levels [29]. Moreover, in this study, we classify
diverse co-management activities in Giant Panda National Park according to the IUCN
classification. With respect to the measurement of fairness perception, we largely borrow
from Zafra et al. (2017) [13] and Bennett et al. (2020) [15], while making minor adjustments
according to the study site. Both quantitative and qualitative methods were adopted herein.
Through this explanatory study, we seek to disclose the relations between participated
co-management types and fairness perceptions of locals from the recognitional, procedural,
and distributional perspectives, contributing to the empirical evidence on the social equity
of co-managed terrestrial protected areas, and producing practical and theoretical insights
for the co-management policy and practice in protected areas.

2. Materials and Methods

2.1. Study Site

The Giant Panda National Park (GPNP) is located in the southwest China as part of the
Minshan and Qionglai Mountains, covering a total area of roughly 21,978 km2. It was first
promoted as a national park pilot in 2016 and then officially recognized as one of China’s
first batch of national parks in 2021 [30]. The GPNP is integrated and expanded from
73 existing protected areas, and is further divided into 4 regions after being designated as a
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national park. With a total area of approximately 400 km2, the Tangjiahe area is situated in
the northeast region of GPNP in Sichuan Province, with the protection of giant pandas and
their habitats as the primary conservation objectives (Figure 1). In addition, this area has
been assigned as a nature reserve since 1978, with over a 40-year history of conservation.

Figure 1. Map of the Tangjiahe area of the Giant Panda National Park: (a) Location of GPNP in China;
(b) location of TGPNP; (c) location map of the TGPNP and surveyed villages. (Note: i. The figure does
not include the spatial boundary of Suyang village as this information is not available for our research
group. ii. The location of surveyed villages is positioned at the office of the village committee).

Tangjiahe area of GPNP (TGPNP) is selected as our study site to explore the fair-
ness perception of community-based co-management in protected areas for the following
two reasons. First, the Administration of Tangjiahe Area (ATA) has started to enforce
community-based efforts (e.g., joint fire prevention and infrastructure building supports)
with its surrounding communities since 1978, and has tried various co-management strate-
gies, such as organizing co-management committees, signing co-management agreements,
and arranging industrial guidance, as well as introducing foreign and domestic NGOs
to develop a differentiated co-management model in surrounding villages. Those co-
management arrangements appear to be super abundant and diverse until now, yet the
social effects remain to be uncovered [31]. Second, as establishing community-based co-
management mechanisms was put forward as one of the critical strategies in the construc-
tion of China’s national park system in 2017, the GPNP positively responded to the sum-
moning of the central government and largely facilitated community-based tourism [32].
The locals’ fairness perceptions toward those co-management countermeasures are essential
to be disclosed, as it might affect the conservation outcomes and performances.

There are 7 villages bordering TGPNP in Qingxi and Sanguo Town, with a population
of about 9500. To identify the specific villages suitable for our in-depth survey, we consulted
with officials working at the ATA, and two criteria were adopted after repeated discussion.
First, there are stable and long-lasting co-management arrangements settled between
villages and the ATA. Second, those co-management models need to be both representative
and differentiated. By this method, villages of Yinping, Luoyigou, Weiba, Dongqiao, and
Suyang were selected as a result, and the basic information was listed in Table 1. Among
those villages, Luoyigou village is the only one located in the General Control Area within
the boundary of the TGPNP, with ecological restoration and habitat enhancement as its
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main conservation objective. Due to this reason, the village has suffered from severe human-
wildlife conflicts for years. Therefore, ATA has established a co-management committee
since 2018 and a human-wildlife compensation program was specifically launched in 2019
in Luoyigou. In addition, as the gateway community of Tangjiahe area, Yinping village has
been greatly supported financially and technically by the ATA and the Qingchuan County
Government since 1997 to promote tourism development. More specifically, an agricultural
cooperative was established in Suyang village to facilitate local development. Apart from
the aforementioned arrangements, forest ranger programs and infrastructure construction
were enforced by the ATA in all five villages, while beekeeping training was organized in
four villages except for Suyang.

Table 1. Basic information of the five selected villages.

Villages
Population

Size
Area Main Industries

Key Co-Management
Strategies

Luoyigou 1085 62 km2
Tourism,

agriculture, and
cultivation

Co-management committee,
human-wildlife conflicts

compensation, tourism support,
beekeeping training,

infrastructure construction, and
forest rangers

Yinping 1823 39.7 km2
Tourism,

agriculture, and
cultivation

Co-management committee,
tourism support, beekeeping

training, infrastructure
construction, and forest rangers

Weiba 870 66.12 km2
Tourism,

agriculture,
stone production

Beekeeping training and forest
rangers

Dongqiao 1160 27.92 km2
Agriculture,

cultivation, and
tourism

Beekeeping training and forest
rangers

Suyang 1389 22 km2 Agriculture and
cultivation

Establishing an agricultural
cooperative

2.2. Survey Sampling Methods and Design

A pre-survey field was conducted in July 2017 to interview ATA staff to collect basic
information about co-management arrangements of TGPNP, and both informal discussions
with local people and formal interviews with ATA staff were conducted to select the most
suitable criteria to assess co-management activities and the perceived fairness of locals.
Questionnaires were distributed on-site from 29 June 2022 to 7 July 2022 in TGPNP. This
survey took the household as the basic unit and selected one person with the most frequent
contacts with the ATA, recommended by household members. Random sampling was
used to select the respondents, and the specific number of respondents was determined
according to the population size of the village. In this way, a total of 428 questionnaires were
collected by the research team. After excluding 4 invalid questionnaires, the respondents of
which came from non-survey villages, the actual valid samples reached 424, with a 99.3%
effective return rate.

The questionnaire consists of four sections. The first two sections include a broad set
of questions related to the demographics (e.g., gender, age, education, location, occupation)
of local residents and their household characteristics (e.g., household income, household
size, income sources, and residency year), as well as the co-management activities they
are involved in. Those 12 types of co-management activities are inducted from a total of
15 co-management arrangements after the discussion with ATA staff (see Supplementary
Materials—Table S4). Those activities are classified into four categories based on an in-
creasing level of empowerment of local communities. While instructive co-management
refers to those community-based measures where the ATA takes the lead and communities

212



Land 2022, 11, 1624

simply follow the instructions, consultative co-management means better information ex-
change between both sides. The responsibilities and benefits of conservation are clearly and
formally divided among different stakeholders in the agreement type of co-management.
Furthermore, cooperation is the co-management typology where the participants can par-
tially be delegated in the decision-making or enforcement of conservation affairs, which is
the highest empowerment level recognized in TGPNP. All those activities are assessed by
Yes (“participated”) or No (“not participated”), listed in Table 2.

Table 2. Co-management types and activities.

Category Activity Number Co-Management Activities

Instruction
A1 Energy transformation and other infrastructure building projects
A2 Skill training and industrial support activities
A3 Environmental educational activities

Consultation
A4 Community-based co-management meetings
A5 Consultative meetings for planning and policy making
A6 Easy access to co-management Information

Agreement
A7 Agreements of fire prevention and human-wildlife conflict compensation
A8 Agreements of community-based co-management
A9 Benefits sharing of bee farming and other cooperatives

Cooperation
A10 Fire prevention and forest patrolling work
A11 Participation in enacting conservation rules
A12 Accountability for some conservation affairs

The last section of the questionnaire is concerned with locals’ perceptions of fairness
toward TGPNP, measured through statements developed for each dimension of social
equity. In this section, we borrowed from Zafra-Calvo et al. (2017) [13], Lou Lecuyer
(2019) [33], Nathan J. Bennett et al. (2020) [15], and Georgina G. Gurney (2021) [16], while
making minor adjustments and adding additional attributes according to our study site.
For recognitional equity, an item concerning land ownership was added as land conflicts
were frequently recognized by interviews. For procedural equity, we deleted the indicator
of access to justice, since no conflict resolution mechanisms were found in TGPNP. From the
distributional perspective, two attributions of wildlife compensation and empowerment
distribution were added for the wildlife-human conflict compensation and the forest ranger
programs launched in TGPNP. All those questions are measured in a 5-point Likert scale in
this section, listed in Table 3.

Table 3. Selected indicators to measure social equity in GPNP.

Category Attribute Survey Questions

Recognition

culture GPNP respects our local culture and
traditional customs

livelihood GPNP imposes no negative impact on my
original livelihood

Legal and traditional rights GPNP can sincerely respect my legal and
traditional rights

Land ownership I declare no land ownership conflicts
with GPNP

Traditional knowledge Traditional knowledge can be effectively
involved in the management of GPNP

213



Land 2022, 11, 1624

Table 3. Cont.

Category Attribute Survey Questions

Procedure

Decision making
I can fully express my opinion and effectively
be involved in the decision-making process
of GPNP

Participation GPNP has convenient channels and fair
procedures to encourage local participation

transparency The information of conservation decisions and
reasons for decisions are readily available

Accountability
I understand the responsibility of ATA and
know to whom to raise concerns to solve issues
related to management actions

Free, prior, and informed
consent (FPIC)

When ATA issues plans and policies addressed
to me, I will be informed in advance

Distribution

Conservation burdens I fairly bear the responsibility of conservation
in GPNP, compared to other local residents

Ecological compensation I am satisfied with the ecological compensation
made by GPNP

Wildlife conflicts
compensation

I can easily get appropriate compensation from
human-wildlife conflicts

Benefits distribution
I can fairly get economic benefits from
co-management, compared to other
local residents

Employment distribution I can fairly get employment opportunities from
ATA, compared to others

Qualitative methods are also used as a supplementary approach in this research.
Seventeen semi-structured interviews were conducted with different stakeholders: Staff in
the Community Office of the ATA, officials of Qingxi and Sanguo town governments, as
well as village leaders and elites. The selection of stakeholders is based on the correlation
to co-management, such as people with rights, with official information, and prestigious
local people, as well as considerations of the equilibrium of gender and age. The purpose
of these interviews is to identify the equitable issues of TGPNP and select the most suitable
criteria to assess co-management activities and fairness perceptions. In addition, secondary
data (e.g., research reports, government reports and plans, and statistics) were collected
and analyzed to understand the contexts.

2.3. Data Analysis

All data analysis was completed in SPSS 26.0 (IBM Corp., Armonk, NY, USA). First,
the reliability analysis was performed in this study using Cronbach’s alpha index. In this
study, the overall Cronbach’s alpha coefficient was 0.831, which is above the eligible index
of 0.7, indicating that the obtained survey results had good internal reliability. The content
validity was also assessed here. The figures for all items were all significantly correlated at
the 0.01 level, signifying positive outcomes in content validity.

First, we calculated the score for each equity dimension (recognitional, procedural,
and distributional equity) by the average score of five indicators in this category, and then
built the score for combined equity by the mean score of all 15 indicators. Second, we tested
for univariate associations (one-way ANOVA and Spearman correlation analysis) between
recognitional, procedural, distributional, and combined equity scores and the demographic
characteristic and participative factors. While one-way ANOVA was used for categorical
variables (e.g., gender, occupation, and villages), Spearman correlation analysis was utilized
for ordinal variables, such as education level, household size, and income, as well as the
number of participative co-management arrangements. Finally, linear regression analysis
was adopted here to develop regression models for each composite social equity score
using variables (e.g., age, education, annual household income) significantly correlated to
equity perception, to further disclose their intertwined relations.
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2.4. Sample Description

Our sample consisted of 424 residents who lived within or surrounding TGPNP
(Table 4), with 46.0% male and 54.0% female. The majority of respondents were in older
age brackets, with 72.6% (n = 308) older than 50. Their education levels were generally low,
since most respondents (65.1%) had only completed primary or junior school and even
22.4% had never attended any school. In addition, the vast majority of respondents lived
here for more than 20 years (88.3%) and made a living by farming (76.4%).

Table 4. Description of respondents involved in this survey.

Survey Item Category
Frequency
(n = 424)

Percentage
(%)

Gender
Male 195 46.0

Female 229 54.0

Age

Under 40 56 13.2
41–50 60 14.2
51–60 135 31.8
61–70 94 22.2

Over 70 79 18.6

Education

No school 324 22.4
Primary school 23 41.5
Junior school 36 23.6
High school 41 8.5

Undergraduate and above 95 4.0

Residency years
Under 10 176 4.2

10–20 100 7.5
Over 20 36 88.3

Professional

Farmers 17 76.4
Employees 104 5.4
Merchants 139 8.5

Other 73 9.7

Villages

Luoyigou 60 24.5
Yinping 48 32.8
Weiba 18 17.2

Dongqiao 32 14.2
Suyang 374 11.3

Household size

1–3 115 27.1
4–6 261 61.6
7–9 41 9.7
>10 7 1.7

Household migrant
workers

0 144 34.0
1 125 29.5
2 99 23.3

>3 56 13.2

Annual household
income (RMB)

Less than 10,000 153 36.1
10,001–30,000 131 30.9
30,001–60,000 78 18.4
60,001–100,000 37 8.7

More than 10,001 25 5.9

Household source
of income

Farming 195 46.0
Tourism 71 16.7
Forestry 18 4.2

Local employment 106 25.0
Nonlocal employment 136 32.1

Other 68 16.0

The average household size of those respondents was five people, and most of the
households had none or only one migrant worker, accounting for 34% and 29.6%, respec-
tively. Most of the surveyed households had a relatively low annual household income,
with 36.4% earning less than RMB 10,000 and 30.9% earning between RMB 10,001 and
30,000 per year. Despite the fact that the main household income sources were farming and
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non-local employment, there were also households that made a living by local employment,
tourism, and forestry, the percentages of which were 25.0%, 16.7%, and 4.2%, respectively.

3. Results

3.1. Fairness Perceptions toward TGPNP

The descriptive analysis showed that perceptions of recognitional equity were more
positive (Mean = 3.59), compared to those of procedural equity and distributional eq-
uity (Mean = 2.60 and 2.81, respectively). As shown in Figure 2, indicators related to
recognitional equity were heavily skewed toward positive judgements, indicating that
recognitional equity was most likely to be perceived as fair. Significantly, most respondents
(67%, 70.1%, 56.8%, and 78.8% respectively) “strongly agreed” or “agreed” to the four indi-
cators of culture, livelihood, legal and traditional rights, and land ownership. By contrast,
all indicators related to procedural fairness were strongly skewed toward negative percep-
tions, especially regarding community participation, where most respondents (66.3%) felt
they were not truly involved in the planning and management of TGPNP. Similarly, 47.1%
of the respondents “disagreed” or “strongly disagreed” about effective decision-making.
In addition, indicators of distributional equity showed dissimilar results. The data showed
that 67.9% of respondents believed they were equally responsible for forest fire prevention,
while merely one-fifth of respondents “agreed” or “strongly agreed” with the appropriate
amount of ecological compensation and wildlife conflict compensation. Moreover, per-
ceptions of distribution of benefits and employment were balanced between positive and
negative, since a considerable proportion of respondents (41.7% and 33.5%, respectively)
did not have access to the relevant information.

 

Figure 2. Stacked bar charts showing frequency distributions for all individual social equity indicators.
The numbers within the bars indicated the number of respondents (further details are provided in
Supplementary Materials—Table S7).
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3.2. Participative Co-Management Activities

Descriptive analysis showed varied participation rates among different co-management
activities (see Figure 3 and Supplementary Materials—Table S5). The most frequently par-
ticipated co-management activity was energy renovation arrangements (A1 = 74.5%),
followed by environmental education activities (A3 = 56.4%). The percentages for the
remaining 10 co-management activities were all below 40%, with co-management agree-
ments and conservation accountability ranking the lowest two (A8 = 9.2%, A12 = 5.4%).
Furthermore, we contrasted the numbers of participants across four empowering levels
of co-management, with the instruction type being the largest, followed by those of con-
sultation and agreement, and finally, the cooperation type. It was clear that the number
of participants tended to decline with the increase in co-management empowering levels.
Statistics also showed that the majority of respondents (n = 273, 64,4%) were involved in
less than three co-management events. Notably, 4.5% (n = 19) of respondents had none of
this experience (see Figure 4 and Supplementary Materials—Table S6).

Figure 3. Participation frequency in diversified co-management activities. The horizontal coordinates
represent different co-management activities, and the vertical coordinates represent the percentages
of participants (n = 424).

 
Figure 4. Frequency of the number of co-management activities in which respondents participated.
The numbers on the bar chart represent the percentage of respondents for a certain participated
number (n = 424).

217



Land 2022, 11, 1624

3.3. Analysis of Correlation

Results of the Spearman correlation analysis showed that all types of co-management
were significantly correlated with each dimension of social equity, listed in Table 5. When
it came to the number of participated co-management activities, the results were similar.
Those findings indicated that the more local residents were involved in co-management ar-
rangements, the more likely they would have positive feelings for recognitional, procedural,
distributional, and composite fairness.

Table 5. Summary of results from a univariate model of the relationship between predictors (types
and numbers of co-management activities) and social equity perceptions. (Note: The data in the table
showed correlation coefficients. Significance levels: * = p < 0.05, ** = p < 0.01).

Category
Recognitional

Equity
Procedural Equity

Distributional
Equity

Combined Social
Equity

Instruction 0.190 ** 0.278 ** 0.321 ** 0.333 **
Consultation 0.177 ** 0.389 ** 0.325 ** 0.399 **
Agreement 0.102 * 0.216 ** 0.279 ** 0.250 **
Cooperation 0.169 ** 0.374 ** 0.392 ** 0.411 **
Number of
participated
co-management
activities

0.198 ** 0.373 ** 0.400 ** 0.418 **

With respect to the socio-demographic features, one-way ANOVA and Spearman
correlation analysis were adopted accordingly. Spearman correlation analysis revealed that
education and annual household income were significantly and positively correlated with
all directions of fairness perceptions, while age was negatively related to all. Results of the
one-way ANOVA test showed that villages were merely significantly related to recogni-
tional equity. Additionally, two household sources of income, tourism, and forestry, were
recognized as significantly correlated factors for certain dimensions of fairness perceptions
(Table 6).

Table 6. Summary of results from a univariate model of the relationship between predictors and social
equity perceptions. (Note: The symbols + or − indicate the direction of the relationship between
fixed factors and ordinal levels. +: Positive correlation, −: Negative correlation. Significance levels:
/ = Not significant, * = p < 0.05, ** = p < 0.01).

Category Analysis Method
Recognitional

Equity
Procedural

Equity
Distributional

Equity
Combined Social

Equity

Gender One-way
ANOVA / / / /

Age Spearman − * − ** − ** − **

Occupation One-way
ANOVA / / / /

Education Spearman + ** + ** + ** + **

Villages One-way
ANOVA ** / / /

Residency years Spearman / / / /
Household size Spearman + ** / / /
Household migrant workers Spearman / / / /
Annual household income Spearman + ** + * + ** + **

Household source
of income

Farming One-way
ANOVA / / / /

Tourism One-way
ANOVA / / ** **

Forestry One-way
ANOVA / ** ** **

Local employment One-way
ANOVA / / / /

Non-local
employment

One-way
ANOVA / / / /
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3.4. Regression Equation

We conducted the linear regression analysis to assess how social demographics and
participative factors could have influence across all directions of perceived fairness (see
Supplementary Materials—Model 1–4). The first regression model (Adjusted R2 = 0.107,
F = 6.653, p: <0.0001) clearly showed the impact of education, village, household size, and
consultation on recognitional equity. Among them, household size has the largest effect,
followed by education and consultation, with village being the smallest one. The second
model (Adjusted R2 = 0.272, F = 20.756, p: <0.0001) showed the influence from education,
consultation, and cooperation on perceived procedural equity. In this model, cooperation
has the largest effect on procedural equity, while education was the smallest. The third
model (Adjusted R2 = 0.27, F = 18.423, p: <0.0001) disclosed the causal relationship between
the four types of co-management and perceptions of distributional equity, among which
the cooperation continued to have the largest effect.

In addition, a linear regression analysis was conducted to assess the effects of those
indicators on perceived combined equity, marked as model four (Adjusted R2 = 0.321,
F = 23.26, p: <0.0001). The significant impact was detected from variables of education,
construction, consultation, and cooperation, among which the cooperation type of co-
management has the largest impact. Above all, the aforementioned four models all passed
collinearity diagnosis, serial correlation diagnosis, and residual normality test, thus partially
reflecting the causal relationship between the relevant variables and to some extent assisting
us in better understanding their influences on fairness perceptions.

4. Discussion

4.1. Relationships between Perceived Fairness and Socio-Demographic Characteristics

Our findings disclose that locals’ fairness perceptions are significantly associated with
several socio-demographic characteristics, including education, location, and household
size. Among them, the level of education is the most widely related factor, concern-
ing not only recognitional (Beta = 0.164, p = 0.004) and procedural equity (Beta = 0.165,
p = 0.002), but also combined equity (Beta = 0.167, p = 0.001). This suggests that higher
education levels of local residents generally lead to better exposure to CBCM information
and participative opportunities, and this can consequently link to a better understand-
ing and acceptance of conservation justice. This result aligns with researches conducted
by Nathan J. Bennett et al. (2020) [15], Lou Lecuyer et al. (2019) [33], and Aires Afonso
Mbanze et al. (2021) [34], demonstrating the impact of formal education on perceived fair-
ness of conservation. By contrast, Georgia G. Gurney et al. (2021) [16] discloses the
association between formal education and perceived distributional equity, which is not
significant in this research.

Moreover, our results reveal that village is significantly related to their perceived
recognitional fairness (Beta = 0.118, p = 0.014). This can be clearly illustrated by the fact
that recognitional fairness perceptions of residents living inside TGPNP are the lowest
(Luoyigou village, mean = 3.36), while those from the gateway community are the highest
(Yinping village, mean = 3.71). This phenomenon is not complex to comprehend. For
one thing, residents of Luoyigou village are more likely to develop negative judgements
toward the recognitional indicators of livelihood, legal and traditional rights, as well as
land ownership, as they suffer from more strict land use restrictions and more intense
human-wildlife conflict, compared to villagers living outside the boundary of TGPNP. For
another, the gateway community, Yinping village, has long been supported financially and
technologically to develop eco-tourism by the county government and ATA, therefore locals’
feelings of recognitional justice are more likely to be positive-going. Similarly, O. Digun-
Aweto et al. (2018) [35] found that communities living close to the national park showed
more negative attitudes toward conservation, while communities living far away from the
national park were not severely impacted by wildlife-caused crop losses and consequently
developed more positive perceptions. Apart from this, another factor affecting perceived
recognitional equity is household size, which was discovered in our study. Similar results
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are noted by Ding Ya (2019) [36] and Liu Yucheng et al. (2018) [37], stating that respondents
with larger household size are more likely to be satisfied with ecological compensation and
the implementation of programs.

Other demographic features (e.g., gender, annual household income, and age), al-
though they do not pass our regression analysis, have been discussed heatedly in other
literature. Georgina G. Gurney et al. (2021) [16] discovered that men are more likely to
develop fairness perceptions than women toward merit and equality principles. In addition,
Carolina T. Freitas et al. (2020) [22] similarly believed that co-management of fisheries
could promote gender equity. However, this phenomenon was not found in TGPNP, where
organized co-management activities imposed no apparent gender restrictions on partici-
pants. Moreover, a significant positive correlation was detected between annual household
income and perceived fairness in our study. This result is consistent with the findings of
Nathan J. Bennett et al. (2020) [15], who argued that people with higher relative wealth had
more earnings and therefore would have a positive perception of distributional equity. A
study by Zhu Ting et al. (2012) [38] further indicated that participation in co-management
programs had a significant positive impact on household income. However, Georgina
G. Gurney et al. (2021) [16] argued that stakeholders with more material assets are more
likely to perceive the distribution of benefits as unfair. Finally, our research also verified
the findings by Nathan J. Bennett et al. (2020) [15], in which increasing age is associated
with worsening perceptions of recognition, distributive, and integrated equity. This is
possibly due to the fact that some co-management activities in TGPNP (e.g., forest rangers
and rural tourism skills training) set age restrictions for participants, which lead to the
fact that elder villagers with fewer participative opportunities were less likely to develop
fairness perceptions.

4.2. Participative Co-Management Activities and Their Associated Fairness Perceptions

All participated types of co-management are positively associated with certain di-
mensions of fairness perceptions. First, the instructive type of co-management, where the
government is completely taking control, is significantly associated with perceived distri-
butional equity (Beta = 0.100, p = 0.041), as well as combined social equity (Beta = 0.108,
p = 0.021). This is due to the fact that most of these co-management activities which are
dominated by ATA help in enhancing local livelihood, such as energy transformation, indus-
trial support, and technology improvement [31]. Those economically supportive activities,
in return, are exchanged for conservation obedience of local residents, the enforcement of
which can improve local perceptions toward distributional fairness [20].

Second, the consultative type of co-management is recognized as the most widely
correlated factor, which is positively associated with all equity dimensions (recognition,
Beta = 0.130, p = 0.026; procedure, Beta = 0.283, p = 0.000; distribution, Beta = 0.127, p = 0.016;
and combined equity, Beta = 0.243, p = 0.000). This highlights the crucial function of in-
formation exchange between communities and ATA staff, if timely and sufficient, it can
greatly enhance the identity recognition, participative channels, and opportunities, and
promote more equitable benefits sharing of communities. This finding expands the discov-
ery by Catherine Gross (2007) [39] in which access to adequate information is important
for procedural fairness, and further detects its effects on recognitional, distributional, and
composite justice. By contrast, the agreement co-management type is merely correlated
with distributional equity (Beta = 0.104, p = 0.037). This is due to the fact that most of the
agreements already signed focus on dealing with economic losses or the redistribution
of benefits, such as the agreements of human-wildlife conflict compensation and Chinese
beekeeping benefit-sharing. However, only a small proportion of local households have
reached agreements with ATA, with the percentages for A7, A8, and A9 as 18.9%, 9.2%, and
24.1%, respectively. This can well explain why participated co-management agreements
have no direct influence on combined equity, as the participation scope is not wide enough
to exert a comprehensive impact.
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Finally, involvement in cooperative co-management activities, such as forest patrolling
and enacting conservation rules, has a strong effect on residents’ feelings of justice, espe-
cially in the procedural, distributional, and combined dimension (Beta = 0.257, 0.300, and
0.295, respectively). It is not difficult to understand its dramatic effect since this type of co-
management highly empowers locals. An interesting phenomenon here is that most of the
respondents who fairly collaborated with the ATA are local elites, such as village directors,
cadres, and rangers, etc. Those elites are extensively exposed to, sufficiently involved in,
and fully responsible for those collaborative activities, in order that they are more likely
to perceive fair procedures than the ordinary residents, and consequently bestowed with
more equitably distributed benefits. This result is consistent with the finding by Haiyun
Chen et al. (2012) [40] that members of village councils and co-management committees
involved in more projects can enjoy more equitable treatment as a result.

4.3. Recommendations for TGPNP

Our results disclose that the relatively low empowering levels and limited numbers of
participative activities in co-management, can consequently lower the fairness perceptions
toward TGPNP. Most of the respondents in our survey have merely been involved in
less than two types of co-management activities, and more specifically, at the lowest
instructive empowering level. This dilemma has not been appropriately solved despite the
fact that various co-management interventions lasted more than four decades in TGPNP,
partially due to the lack of conservation capacity among locals [31]. Another reason for
this phenomenon is the scarcity of participative channels, as an interviewee complained:
“If the ATA asks me to give suggestions or get involved in conservation affairs, I am
very willing to do; but the situation is that they would never ask me”. By analyzing
the negatively perceived indicators, including the livelihood and land ownership for
recognitional equity, participation, FPIC, and decision-making for procedural equity, as
well as ecological compensation and human-wildlife conflicts for distributional equity, we
can further detect some potential issues faced with TGPNA. It is self-evident that the land
grabbing and limitations on traditional livelihoods are common issues facing worldwide
protected areas [41–43], and insufficient industrial support, untransparent procedures,
inappropriate compensation, and other managerial shortcomings may hinder locals to
develop fairer judgements toward the TGPNA.

Based on the aforementioned issues, we believe that facilitating local participation in
diversified co-management arrangements can effectively promote more equitably managed
protected areas. In this direction, we suggest that the ATA strengthen the publicity of
co-management to locals, particularly for the elder and low-income groups, setting more
channels for participation, and simultaneously, enhancing conservation awareness and
capability of locals. Those countermeasures can improve the participative rates of locals and
gradually enhance their empowering levels, after years of attempts and endeavors. Apart
from this, the impacts of conservation initiatives on land use and traditional livelihoods
need to be addressed urgently [44,45]. For this, we recommend the ATA to facilitate
alternative livelihood, such as eco-agriculture and eco-tourism, and provide more job
opportunities for locals to get involved in conservation, especially for residents living
inside the TGPNP. Moreover, it is imperative to better inform and involve locals in the
co-management meetings, planning consultations, and capability-building workshops, in
order to set up with fairer participative procedures. Furthermore, we suggest strengthening
wildlife monitoring and developing a more equal and reasonable compensation plan to
relieve the human-wildlife conflicts and strive for better distributional equity [46].

4.4. Future Research

One novel contribution of this research is that it discloses the effects of participative
co-management activities on perceptions of recognitional, procedural, distributions, and
combined equity. Nevertheless, some limitations remain. First, as the co-management of
GPNP is mostly conducted at the instructive level, the research findings can be different
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in the contexts of more empowered co-managed regime. Moreover, the survey sampling
can spread to a broader range of age groups, especially for the younger generations,
since more than half of the current respondents are in their fifties or sixties. Furthermore,
additional in-depth interviews can be conducted with local people to capture their deeper
understandings toward equity, since this concept can have differentiated meanings to
different groups.

Our research finds that the location of villages is a critical element in impacting
perceptions of procedural equity. In-depth, we speculate that other spatially related factors
(e.g., the accessibility of the residence, the distance from the main road, and entrance of
the protected area) might also have essential influence on recognitional and possibly other
fairness perceptions. Therefore, we recommend that future researches should focus on
this direction to explore the correlation between spatial factors and locals’ perceptions of
fairness. Moreover, with informal interviews, we realize that multiple stakeholder groups
show different perceptions toward various co-management projects. Therefore, we suggest
that in-depth interviews and participating observations should be adopted in future studies
to compare and contrast fairness perceptions among different stakeholder groups [23].

Furthermore, there is a need to assess the correlation among fairness perceptions,
satisfaction degrees, and conservation attitudes, in which a non-linear and complex statistic
model might be required. Locals’ perception of fairness may affect their satisfaction with
and conservation attitudes toward protected areas, and to understand this relationship, it
is conducive to achieve the conservation success [47–49].

Finally, both effectiveness and equity are essential, yet different and interdependent
concepts in the conservation of protected areas (Woodley et al. 2012 [50]; Schreckenberg et al.
2016 [3]). Some scholars believe that the effectiveness of protection is often achieved without
perfect social equity (Klein et al. 2015 [7]; Dawson et al. 2017 [51]), indicating that they may
not be simply positively correlated. Therefore, pursuing extreme equity in protected areas
is encouraged, but it is more worthwhile to explore the extent of equity that can achieve
maximum efficiency. Community-based co-management, in the context of protected areas,
serves as a crucial means to balance both effective and equitable management (Persha and
Andersson 2014 [52]) [20]. Therefore, a greater focus on analyzing the relationship and trade-
off between social equity and conservation effectiveness of co-managed protected areas
can produce thought-provoking findings, and better conduct management effectiveness
evaluation with consideration of social equity.

5. Conclusions

For the broader well-being of the local people and stakeholders, the equity issues in
marine and terrestrial protected areas are receiving increasing attention globally. How-
ever, despite the co-management approach being widely promoted worldwide for the
better governance of protected areas, little attention has been paid to its effects on fairness
perceptions. This paper builds on the considerable work in social equity issues and the em-
powering levels of co-management to further explore the correlation between participated
co-management arrangements and perceived social equity of locals, from recognitional,
procedural, and distributional dimensions. The main conclusions are summarized below:
(1) There is a distinct variability in fairness perceptions toward TGPNP, with the recog-
nitional equity as positive, procedural, and distributional negative, and the combined
equity as neutral. (2) The participated co-management activities and reflected empowering
levels of locals are rather limited, with most of the respondents remaining at the instruc-
tive level. The number of participants declines with the increase in empowering levels.
(3) Participation in diversified co-management activities is revealed to be influential on
locals’ fairness perceptions. While the consultative type of co-management is recognized as
the most widely correlated factor, the cooperation is found to have the strongest impact.
By contrast, the impact scope of instruction and agreement types of co-management are
pretty narrow, mostly in the distributional dimension. (4) With regards to the demographic
features, education is found to be positively related to all equity perceptions, while village

222



Land 2022, 11, 1624

is significantly merely for recognitional equity. These findings indicate that the more locals
are involved in co-management activities, the fairer they are likely to perceive the protected
areas. This points to the need for more empowered and widely involved co-management
plans to improve social equity judgement in TGPNP. Furthermore, regarding specific affairs
(e.g., ecological compensation and human-wildlife conflicts) or communities of different
locations (e.g., communities inside or outside protected areas), tailored countermeasures
should be taken for better consideration of social equity issues.

This paper highlights the critical importance of exploring social equity in the co-
management arrangements of nationally designated protected areas. To promote the
achievement of the fairness goals and conservation goals for a broader population, we
encourage the global conservation community to conduct more discussions that com-
bine social equity and co-management issues, which can consequently produce more
co-management plans, principles or instructions with equity consideration.
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Abstract: Protected areas are critical for biodiversity conservation and ecosystem services. In the last
few years, there has been growing recognition of the role of indigenous peoples and local communities
in the management of government designated protected areas, and thus their perceptions and
adaptability were paid much attention. Drawing on a survey of 487 residents in the Qilian Mountain
National Park Pilot of Northwestern China, this study used the adaptive analysis framework to
study the adaptability of local residents. The main contribution of this paper is to select a typical
social-ecological system to study the adaptability of local residents, and using Elinor Ostrom’s Social-
Ecological System framework to analyze the adaptability mechanism. The results show that different
types of residents had different adaptability to environmental change. People whose income mainly
depends on work salary with a small part of herding have the highest level of adaptability, while
people whose income mostly comes from farming with a small part of herding have the lowest
level. This result is related to people’s living location, as people living in the core zone and buffer
zone of the reserve mainly earned from grazing, and people living in the experimental zone and
peripheral zone earned mainly from outside work. Moreover, people living in the core zone and
buffer zone are mostly elders and ethnic groups, while people in the experimental zone and buffer
zone are Han people. To improve management effectiveness and to avoid conflict between local
residents and managers, this paper suggests that more attention should be paid to these who have
lived for a long time in the core zone and buffer zone. They are the most vulnerable groups and show
low adaptability in almost all domains. For the long run, education quality should be improved to
decrease the population in the reserve.

Keywords: adaptability; residents; perception; Qilian Mountain National Park Pilot; social-ecological system

1. Introduction

Protected areas (PAs) are one of the most important conservation tools for protecting
biodiversity and ecosystem services [1–4]. To date, PA coverage has reached over 15%
of the global land area [5,6]. Despite this extensive coverage, it is widely acknowledged
that PAs are being increasingly influenced by global forces of economic development and
socio-political change [7–9]. Therefore, there is a need to better understand the complex
interactions between humans and protected areas [10–13].

Adaptability is a notion that was originally used in ecology to emphasize that species
can change their own state and procreate species to adapt to changing environments [14–16].
Then, the application of adaptability expanded from biophysics to sociology, like how a
social system adjusts its own behavior to the natural environment [17]. It was later also
applied to the fields of climate change and natural disasters [18]. In these fields, adaptability
was adjusted by natural ecosystems or human systems in response to actual or expected
climate change and natural disasters, emphasizing risk recognition, adjustment and man-
agement [19,20]. Around the year 2000, adaptability was widely applied as an important
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attribute of social-ecological systems (SESs) [21–24]. In the field of SESs, adaptability re-
ferred to the capacity of actors to adjust their behaviors in response to external uncertainties
and disturbances [25]. Adaptability was often associated with resilience [21–23,26,27].
It was a capacity of actors in the SES to influence resilience, and essentially to manage
it [22]. At present, scholars take “SES” as the main research object, and it was an important
trend of sustainable development and global change to study the adaptability to external
disturbance and the adaptability mechanism. The research scale of SES adaptability mainly
focused on national, regional and community levels [28–30]. At the community level, there
was no lack of studies integrating livelihood capital from the Sustainable Livelihood Frame-
work into the index system of adaptability evaluation [31,32]. However, the five dimensions
of the Sustainable Livelihood Framework (physical, nature, social, financial and human
capital) mainly represent the society, economy, and the ecology, which are the three pillars
of SESs. Most studies did not explore the comprehensive impact of external policies and
internal psychology and culture on livelihood system, and also separated the interaction
between subsystems, although there were many studies that have introduced and modified
the adaptive analysis framework proposed by Smit et al. (namely, adaptation to what, who
or what adapts, and how does adaptation occur?) [25,33]. However, there were few studies
that comprehensively constructed an analysis framework of SESs, sustainable livelihood,
residents’ behavior and adaptability. Therefore, it is necessary to construct an analysis
framework of residents’ adaptability for SESs.

The Qilian Mountain Nature Reserve, which is located in Gansu Province, western
China, recently became a focus of attention due to its ineffective management. To improve
the management, the reserve was then designated to be a pilot national park, and its name
thereby was changed into Qilian Mountain National Park Pilot (QMNPP). However, the
notion of a national park is relatively new in China. Considering that there are still many
people living in the reserve and it is impossible to move all of them out, a better under-
standing of residents’ perceptions and adaptations will benefit synergetic development
of nature conservation and human welfare for the newly established national park. This
study constructed an analysis framework of residents’ adaptability in the QMNPP, and
comprehensively evaluated the adaptability of farmers from different types and regional
locations. Then, the impact factors and adaptability mechanism were also analyzed. Finally,
we put forward suggestions to improve the adaptability of residents and enhance manage-
ment effectiveness. The innovations of this article include the following: (1) Combining the
Sustainable Livelihood Framework with the existing adaptability analysis framework to
construct an analysis framework of residents’ adaptability in the QMNPP, which improved
the adaptability index system to some extent and provided reference for the adaptability
study of residents in other protected areas; and (2) Ostrom’s Social-Ecological System
Framework (SESF) was used to analyze the adaptability mechanism, systematically ana-
lyze the causes of residents’ adaptive behavior and the interaction within the system, and
deepen the analysis of impact factors of adaptability.

2. Study Area

The QMNPP is part of Qilian Mountain range on the border of Qinghai and Gansu
provinces, northwest China (Figure 1). It is a natural germplasm bank of alpine creatures
and an important ecological corridor. It is protected for Picea crassifolia, Cypress chinensis,
cranes and other organisms. However, snow leopard, a national first-class key protected
animal, has been frequently captured by camera recently. The QMNPP is also designated
as a national key water conservation forest area, a national natural forest protection project
area, a national key ecological public welfare forest, and so on. The landscape covers
glaciers, forests, grasslands, deserts, etc., and is a priority area for biodiversity conservation
in China. The snow and glaciers on the Qilian Mountain provide precious water to more
than 5 million people in the Hexi Corridor, which is located at the northern foot of the
Qilian Mountain and characterized by its arid climate. Therefore, the Qilian Mountain is
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also called the Mother Mountain of the Hexi Corridor, making its protection much more
meaningful.

 

Figure 1. Study area.

People living inside the Qilian Mountain area have a very long history. However,
intensive resource use began in the 1960s, when logging became an important industry
for the area. Then, mining and hydropower infrastructures followed, and the number
of livestock has rapidly increased in the 1980s and 1990s. As a result, serious grassland
degradation was detected in the late 1990s. Therefore, restoration of grassland for this area
has been paid much attention from the early 2000s. In 2015, a public warning was given
to local officers by the State Forestry Administration and the Ministry of the Environment
of China, and human activities, such as illegal mining, unauthorized construction of
hydropower facilities, excessive waste discharge and polluting emissions by local factories,
are main issues that existed in the reserve. However, things changed little in the next
two years. Then, the General Office of the Central Committee of the Communist Party
of China and the General Office of the State Council gave a briefing on the destruction
of the ecological environment in the reserve in July 2017. Nevertheless, the operation of
mining and hydropower stations have not been stopped until 2018. In particular, tourism
has greatly developed from the early 2000s.

To sum up, the QMNPP has rich natural resources and a long history of human
activities, and is a complex adaptive system composed of ecological subsystems and
social subsystems [34,35]. In addition to the typical natural ecosystem, its environmental
problems are also typical. Furthermore, human utilization of natural resources and strong
dependence on resources are typical. In 2017, it was identified as one of the pilot projects of
national parks, and its experience can be replicated and promoted as an example. Based on
this, we selected the QMNPP as a typical social-ecological system, and there is a need to
clarify the adaptability of local residents.
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3. Data and Methods

3.1. Data Source

In-depth interviews and questionnaires were conducted to collect data for this paper.
The survey was conducted in September 2018 and October 2020. Considering the vast
territory and intra-regional diversities of the QMNPP, and residents live in a scattered
distribution, 10 protection stations and 2 towns were chosen as our survey destinations
(Figure 1). Questionnaires were distributed randomly by government workers and protec-
tion station managers to the local residents. At the same time, we verified the credibility
of the questionnaire results through in-depth interviews. A total of 513 questionnaires
were sent out; questionnaires with incomplete information and inconsistent answers were
deleted, and 487 valid questionnaires were recovered. Cronbach’s α was 0.749 (>0.7),
indicating that the data availability is good. Although the number of questionnaires was
relatively small, it was found to be well-representative after comparison with the statistical
data. Among respondents, the sample Tibetan population accounted for 27.93% of the
total population, 11.91% of the total population had high school education, 24.85% had
junior middle school education, and 30.39% had primary school education, which was
approximately the same as the local statistical yearbook (in which the Tibetan population
accounted for 26.27% of the total population and the Han was 42.5%, 10.22% of the total
population had high school education, 22.65% had junior middle school education, and
36.79% had primary school education).

The survey content included three sections: (i) Social-demographic characteristics of re-
spondents (i.e., age, gender, educational degree, location of the functional zone, household
income, health, labor force); (ii) respondents’ knowledge, satisfaction and implementa-
tion of legal policies in the QMNPP (the legal policies including “Returning the grain
plots to forestry and grass”, “Fodder–livestock balance system”, “Eco-migration”, “Eco-
compensation”, etc.); (iii) residents’ perception of ecological, economic and social aspects
in the QMNPP (i.e., the attitudes towards natural environment, economic source, economic
income, infrastructure and ethnic culture). Questionnaire indicators were assigned by a
five-point Likert scale.

3.2. Conceptual Analysis Model

The adaptive analysis framework constructed by Smit et al. (1999) was adopted in
this paper [25]. It is a commonly used conceptual framework for adaptive analysis [33].
In the framework, the following aspects were considered (Figure 2): Adaptation to what?
Who/What adapts? How does adaption occur? It proposes a framework to promote
consistency and rigor in the use of concepts and terms for adaptability. This framework
provides a structure for improving the science of adaptability and its adaptability to
disturbance [25,26]. In addition, it also gave us the logic that we can study adaptation
scientifically. Through this analytical framework, it is beneficial to further clarify the three
core elements: adaptation to what, who or what adapts, and how does adaptation occur.
This paper focuses on the local residents’ adaptability, which is relatively simple in structure
and complexity compared with regional systems, but requires more detailed and in-depth
analysis. This framework can help us solve this problem. Therefore, this paper uses Smit
et al.’s adaptive analysis framework to explore residents’ adaptability to the changing
environment.

In this paper, “Adaptation to what?” is the disturbance of the changing environment.
Environmental changes will have risk and opportunity disturbance in the regional SES.
“Who/What adapts?” refers to residents’ adaptability to the changing environment in
the QMNPP, including the adaptability of residents to policies, economy, ecology, society,
culture and psychology. “How does adaption occur?” is the behavior response of residents,
which is mainly in cognition, adaptive state, impact factors and mechanism of adaptability.
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Figure 2. Analysis framework of residents’ adaptability in the QMNPP (adopted from Smit et al.
(1999) [25]).

3.3. Index System

Research of adaptability analysis methods usually adopts the Sustainable Livelihoods
Framework [36,37], which examines residents’ ability or capital to improve their qual-
ity of life and adaptability when they face natural disasters (such as drought, tsunamis,
landslides), market competition, and system changes such as uncertain and changing
environments. However, only using the Sustainable Livelihoods Framework to measure
the adaptability of residents cannot reflect the integrity of SESs. The Sustainable Liveli-
hood Framework [38–41] and Wu et al.’s (2018) [42] research were referred to build the
indicator system. The analysis framework of residents’ adaptability in this paper combines
the Sustainable Livelihood Framework with the existing indicator system for adaptability
evaluation, and adds the policy, culture and psychological dimensions as the “Who/What
adapts?” part. Then, these indicators are classified into six domains, namely policy adapt-
ability, social adaptability, ecological adaptability, economic adaptability, cultural adapt-
ability and psychological adaptability. According to the characteristics of the QMNPP
and availability of data, the index system was improved. For example, physical, social
and financial capital of livelihood capital were integrated into the economic adaptability
domain, and human and social capital were brought into the social adaptability domain.
Furthermore, on the basis of the index system in Wu et al., the infrastructure was moved to
the social domain, and indicators such as education, physical health and labor force were
added. There were also many other such improvements.
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Next, the Analytic Hierarchy Process (AHP) and the Expert Scoring method were used
to weight the six domains. Eight experts including local managers, herdsmen who live
in the park and scholars in ecology, sociology and geography were invited to score the
indicators. The detailed steps were as follows: First, the eight experts were asked to score
the six domains without communication, using the 1–5 scale method. Second, the scores
of the eight experts were averaged to obtain the judgment matrix. Third, the matrix was
analyzed by AHP, with weight calculation and a consistency test. The consistency of the
weights was tested and the CR = 0.065 (<0.1), showing that the judgment matrix meets the
consistency test. Finally, six domains of weights (Wi) were obtained (Table 1).

The index of measure layer was calculated via the entropy method. The result of the
entropy method is objective. The detailed steps were as follows:

First, standard processing of data. All variables were normalized to a scale of 0–1, so
they could be combined and compared.

Second, the specific gravity (fij) after dimensionless treatment was calculated. The
formula is:

fij =
x′ij

∑m
i=1 x′ij

(1)

In the formula, x′ij represents the normalized value of the jth term of the ith domain.
Third, we calculated the entropy value (ej) and avail value (dj) of the jth term, and the

formula is as follows:

ej = − 1
ln m

m

∑
i=1

fij ln fij (2)

dj = 1 − ej (3)

Finally, we calculated the weight of item j’s index (wij), and the calculation formula is
as follows:

wij =
dj

∑n
j=1 dj

(4)

The final results are shown in Table 1.

Table 1. Adaptability index values of residents in the QMNPP. The policies included the following:
“Returning the grain plots to forestry and grass”, “Fodder–livestock balance system”, “Eco-migration”,
“Eco-compensation”, etc. B3 = Labor force ÷ total number of family. B4 = Number of high school or
above ÷ total number of family. D3 = 5 ≥ 70,000; 4 = 50,000–70,000; 3 = 30,000–50,000; 2 = 10,000–
30,000; 1 ≤ 10,000. Natural assets owned by households include the number of cattle and sheep,
grassland area and so on. D5 = Productive consumption ÷ total annual consumption of a family.

Domain (i) Wi Measure (xij) wij

Policy adaptability 0.25552
A1 Knowledge 0.3636
A2 Satisfaction 0.3158

A3 Implementation 0.3206

Social adaptability 0.17083

B1 Social network 0.0270
B2 Infrastructure 0.0496

B3 Proportion of household labor force 0.1749
B4 Education 0.2543

B5 Physical health 0.4941

Ecological
adaptability 0.10227

C1 knowledge of social-ecological system 0.5281
C2 Ecological awareness 0.4719
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Table 1. Cont.

Domain (i) Wi Measure (xij) wij

Economic
adaptability 0.24628

D1 Satisfaction of income 0.2425
D2 Livelihood diversity 0.2941

D3 household income (¥) 0.2695
D4 Natural assets 0.0733

D5 Proportion of consumption 0.1206

Cultural adaptability 0.09522

E1 Ethnic costume 0.1898
E2 Diet custom 0.1130

E3 Ethnic languages 0.2781
E4 Ethnic music and dance 0.2743

E5 Traditional festival 0.1448

Psychological
adaptability 0.12987

F1 Acceptance of external culture 0.3941
F2 Family resilience 0.4366

F3 Acceptance of change 0.1692

3.4. Adaptability Assessment Model

The Comprehensive Evaluation of the Residents’ Adaptability Index (RAI) in the
QMNPP was measured through the linear weighed method. The model is as follows:

RAI =
6

∑
j=1

WiFti (5)

Fti = ∑m
i=1 wijx′ij (6)

In the formula, Wi is the weight of the ith domain layer, and RAI is the comprehensive
evaluation of adaptability index of measure j under domain i. RAI was then divided
into four grades [43,44]; they are extremely low adaptability (0.00 ≤ RAI ≤ 0.25), low
adaptability (0.26 ≤ RAI ≤ 0.50), high adaptability (0.51 ≤ RAI ≤ 0.75) and extremely high
adaptability (0.76 ≤ RAI ≤ 1.00).

4. Results

4.1. Demographic Sample Analysis

Among the 487 residents in this survey, males were the majority, accounting for 67.76%
(Table 2), indicating that men dominate in the families in the survey area. There were
more residents over 40 years old, of which 6.78% are over 65 years old. Except for the Han
residents, there were more Tibetan residents, followed by the Yugur. Families’ main source
of income was grazing, supplemented by other income methods (such as planting crops,
wage income obtained from ecological protection work in national parks, etc.). The annual
income was mostly between 30,000 and 50,000 ¥, which is basically in line with the income
characteristics of residents in pastoral areas. Residents mostly lived in the experimental
zone and peripheral zone, although the grassland of the residents was still in the core zone
and buffer zone, so there were still grazing activities in the core zone and buffer zone,
which meets the needs of this survey.
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Table 2. Demographic sample.

Survey Item Type
Frequency

(Sample = 487)
Percentage

(%)

Gender
Male 330 67.76

Female 157 32.24

Age

15–30 63 12.94
31–40 149 30.60
41–64 242 49.69

Over 65 33 6.78

Nation

Han 242 49.69
Tibetan 136 27.93
Yugur 82 16.84

Du 16 3.29
Hui 9 1.85

Mongolian 2 0.41

Annual
household income

(¥)

≤10,000 63 12.94
10,000–30,000 181 37.17
30,000–50,000 120 24.64
50,000–70,000 77 15.81

≥70,000 46 9.44

Source of income

Grazing - 32.79
Planting crops - 9.70

Self-employed income - 5.82
Wage income - 31.77

Government subsidies - 9.46
Other - 10.47

Functional zone
in protected areas

Core zone 70 14.37
Buffer zone 109 22.38

Experimental zone 191 39.22
Peripheral zone 117 24.02

4.2. A General Analysis
4.2.1. Who/What Adapts?

“What adapts?” in this paper indicates the adaptability of local residents to policy,
economy, ecology, society, culture and psychology. To categorize households, we classified
the respondents on the basis of their income into nine types. They are H, H&F, H&W, F&H,
F, F&W, W&H, W&F and W. Here H means herding, F means farming and W means having
a job outside the QMNPP. If a respondent is categorized into type H, F or W, it means that
he/she only has herding, farming or working as a livelihood, whereas types H&F, H&W,
F&H, F&W, W&H and W&H mean that the income of the respondent depends on two
sources. Taking H&F as an example, the respondent’s livelihood source mainly comes from
herding and a small part of farming, and the other types are alike.

Survey data (Table 3) presented that, among 487 respondents, type H&W (25.5%),
W&H (18.1%) and W&F (15.6%) composed most of the respondents in the QMNPP, while
type F was the lowest, meaning that very few people in the QMNPP took farming alone as
their livelihoods. This result is consistent with the physical environment of the QMNPP,
where the elevation is relatively high and is suitable for herding rather than farming.

Table 3. Number of livelihood type surveyed in the QMNPP.

Livelihood Type H H&F H&W F&H F F&W W&H W&F W Total

Number 23 18 149 3 1 9 97 84 103 487
Ratio (%) 7.6 8.2 25.5 1 0.2 2.7 18.1 15.6 21.1 100
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4.2.2. How Does Adaption Occur?

(1) Adaptability analysis

The analysis of variance was used to analyze the RAI. Significant differences of RAI
(p < 0.05) were detected, and the result is W&H > H&W > W > W&F > H > F&W > H&F >
F&H (Figure 3: left).

Figure 3. Result of analysis of variance and the adaptability of different livelihood types in different
domains.

It can be concluded that local resident adapted policy change the most (Figure 3).
However, different types of residents adapted it differently (p = 0.002 **, ** p < 0.01). Type
W had the highest ability to adapt, followed by W&H and F&W, while type F&H was the
lowest. Indeed, over the past twenty years, polices implemented, including “Returning the
grain plots to forestry and grass”, “Fodder–livestock balance system”, “Eco-migration”,
etc., mostly aimed to limit herding or cultivating in the QMNPP. Therefore, people whose
income depended on herding or farming would be affected the most, while type W people,
as their income comes from outside work, have been little affected. However, it should be
noted that, though these policies have negative impacts on local residents’ income, they
are always made up by compensation. The existing ecological compensation is mainly
reflected in the following aspects: eco-migration, forest ecological benefits, water-saving
projects, returning the grain plots to forestry and grass, biodiversity protection, nature
reserve protection, etc. [45,46]. Therefore, it is not surprising that, compared with other
domains, policy adaptability is the highest.

The p value of ecological adaptability was 0.069 (p > 0.05), indicating that nearly all
respondents had same feelings regarding ecological change. This indicates high awareness
of local residents to ecological protection. To understand this, there is a need to take a look
at QMNPP’s grassland degradation over the past decades. In the early 2000s, grassland
degradation was a very serious issue for the area due to overgrazing, and it had seriously
affected local residents’ livelihood. On the one hand, policies were carried out to limit
the number of livestock. On the other hand, livestock health was affected because of the
degraded grassland. After years of restoration and along with increasing of income, local
residents obtained a better understanding of the relationship between grassland and the
number of livestock. Therefore, they were willing to take part in ecological protection.

Referring to economic adaptability, the p value was slightly higher than that of so-
cial adaptability and psychological adaptability. The economic adaptability of residents’
livelihood types was significant at the 0.01 level (F = 22.254, p = 0.000 **), indicating that
different types of residents had very different economical adaptability. The results are:
type W&H had the highest adaptability (0.067), followed by H&W, and type W had the
lowest (0.046). Generally, nomads in the QMNPP have the highest income. Therefore,
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the residents whose income mainly comes from grazing and also have family members
working outside showed the highest adaptability. However, for type W, most of them
worked as forest rangers, grassland rangers, protection station managers, and in mass
prevention and mass treatment, for which salaries are very low, and thus they showed very
low economic adaptability.

With reference to cultural adaptability, great discrepancies (F = 2.650, p = 0.008) are
noticeable. Types F&W and W&F had relatively higher p values. This is because people
in these types are mainly Han people whose culture is much more adaptable than ethnic
groups, including the Tibetan, the Yugur, etc. Because the Han culture is more resilient
than ethnic groups, it usually shows a strong ability to withstand external disturbance.
Compared with the Han people, the most obvious difference is the language. Ethnic groups
have been influenced by their own languages since childhood, and their cultural values
and behavior are deeply rooted. Moreover, their native language will make it difficult for
them to contact the new cultural environments. In addition, the religious traditions and
customs of some ethnic groups are more conservative and strict than those of the Han
people, which also lead to some restrictions on adaptive behavior. Furthermore, due to the
differences in ideology, economic level and educational resources, the education of ethnic
groups is weaker than Han people, which leads to the relatively strong learning ability of
the Han people. This was confirmed in the in-depth interviews.

Nevertheless, residents showed very low adaptability in the social (p = 0.045) and psy-
chological domains (p = 0.055). This is consistent with our field survey. During the survey,
many respondents complained of the poor infrastructure because there are restrictions on
building new infrastructure. Moreover, people living inside the reserve mostly are old or
little-educated, and they need social care more than others. They have been accustomed to
everyday life in the reserve, and thus the adaptability to external culture or environmental
change is low.

(2) Adaptability analysis in different regions

As different functional zones (i.e., core zone, buffer zone, experimental zone and
peripheral zone) in protected areas of China are managed differently, the households were
classified into four groups in accordance with their living locations. After 2017, all residents
in the core zone have moved into the experimental zone and peripheral zone. In this paper,
the residents in the core zone refer to those whose pasture is located in the core zone. It can
be seen in Figure 4 that, though with a little difference, all zones’ residents’ adaptability
levels show similar result. However, their adaptability to the six domains differs (Figure 5).

 

Figure 4. Adaptability of residents in different functional zones.
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Figure 5. The adaptability of different regions in different dimensions.

As far as policy adaptability are concerned, the result presented that policy change
affected the people living in the core zone the most, followed by the buffer zone, experimen-
tal zone and peripheral zone. This is easy to explain because the core zone and buffer zone
of the QMNPP are located at relatively high elevations that are only fit for herding. People
living in these areas are accustomed to herding and have no other job skills. Their ability to
accept new things is low and they have difficulty changing their ways of livelihood. People
from the experimental and peripheral zones, however, as their livelihood changed little
under the new policy, showed high policy adaptability.

On the contrary, people’s economic adaptability showed an opposite sequence, where
peripheral zone > experimental zone > buffer zone > core zone. As a matter of fact,
livelihood in the QMNPP is highly related to the elevation. People’s livelihoods in the core
zone and buffer zone highly depends on grazing animals, while people’ livelihoods in the
other two zones are much more diverse.

The RAI of residents of the other four domains, including social adaptability, ecological
adaptability, cultural adaptability and psychological adaptability, presented little difference
among the four functional zones. Only the RAI of residents in the periphery zone for
psychological adaptability was slightly higher than that of other regions.

4.3. Impact Factors

To avoid collinearity among indicators, stepwise regression analysis was adopted to
study the relationship between indicators and RAI. In the stepwise regression analysis,
all indicators were considered independent and RAI-dependent. The regression equation
model is as follows:

RAI = −1.531 + 0.502A1 + 0.566A2 + 0.223B1 + 0.180B3 + 0.175B4 + 0.465B5 + 0.341C1
+ 0.532C2 + 0.107D1 + 0.296D2 + 0.249D3 + 0.337D4 + 0.293E1 + 0.535E3

+ 0.281E5 + 0.546F1 + 0.473F2

The results (R2 = 0.849, F = 155.625, p = 0.000 < 0.05) showed that the model was
effective. It presented that the RAI in the QMNPP was affected by 17 factors (Table 4). To
level them, these factors were divided into three grades: high influencing factors (β ≥ 0.200),
medium influencing factors (0.100 < β < 0.200) and low influencing factors (β ≤ 0.100).
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Table 4. Regression analysis results of influencing factors on residents’ adaptability in the QMNPP.

Factors Constant

Unstandardized Coefficients
Standardized
Coefficients

t p VIF
B Standard

Error
β

−1.531 0.095 - −16.153 0.000 ** -

Policy knowledge A1 0.502 0.090 0.139 5.563 0.000 ** 1.935
Policy satisfaction A2 0.566 0.098 0.154 5.796 0.000 ** 2.213

Social network B1 0.223 0.090 0.052 2.490 0.013 * 1.347
Household labor B3 0.180 0.048 0.071 3.735 0.000 ** 1.138
Education level B4 0.175 0.057 0.057 3.061 0.002 ** 1.090
Physical health B5 0.465 0.043 0.204 10.825 0.000 ** 1.105

Knowledge of SES C1 0.341 0.096 0.099 3.557 0.000 ** 2.410
Ecological awareness C2 0.532 0.102 0.133 5.232 0.000 ** 2.017
Satisfaction of income D1 0.107 0.054 0.041 1.982 0.048 * 1.317
Livelihood diversity D2 0.296 0.041 0.138 7.300 0.000 ** 1.113
Household income D3 0.249 0.060 0.079 4.118 0.000 ** 1.133

Natural assets D4 0.337 0.072 0.088 4.683 0.000 ** 1.095
Ethnic costume E1 0.293 0.068 0.110 4.311 0.000 ** 2.029

Ethnic languages E3 0.535 0.064 0.218 8.309 0.000 ** 2.139
Traditional festival E5 0.281 0.077 0.099 3.646 0.000 ** 2.297

Acceptance of external
culture F1 0.546 0.072 0.189 7.585 0.000 ** 1.932

Family resilience F2 0.473 0.066 0.144 7.181 0.000 ** 1.256

Dependent variable = RAI; D-W = 2.065; * p < 0.05 ** p < 0.01; R2 = 0.849; F(17,469) = 155.625; p = 0.000.

It can be concluded that two factors (i.e., B5 and E3, namely physical health and ethnic
languages, β = 0.204, β = 0.218, respectively) are high influencing factors (Table 4). From an
individual’s perspective, physical health reflects the vitality and sustainability of the social
system. It determines people’s development ability. People in poor health always show
little adaptability to outside disturbance. In terms of ethnic language, people living in the
reserve are mainly ethnic minorities. Most of them can only speak local languages, and
thus there is an obstacle for them to adapt to the outside world.

A1, A2, C2, D2, E1, F1 and F2 are medium influencing factors. It is policy that
determines living standards in the reserve. It further affects social, ecological, economic
and psychological adaptability. Therefore, the higher the policy knowledge and satisfaction,
the more stable the SES is. The indicator ecological awareness (C2, β = 0.133) reflects
residents’ willingness, attitude and behavior regarding ecological protection. Livelihood
diversity (D2) directly affects household income, reflecting that the higher the livelihood
diversity of residents, the better they can adapt to changing SES. The indicator acceptance
of external culture (F1) is related to the adaptation of one’s own ethnic culture and the
diversity of livelihood. In general, the more ways of livelihood residents have, the more
changes they are exposed to, and the higher their response to changes. Perception of
household resilience (F2) can reflect residents’ self-confidence in the face of environmental
change, and directly affect their enthusiasm and initiative.

Other indicators are low influencing factors. Among these factors, social network (B1)
is an important condition for the social system to be active. In the reserve, some residents
live far from each other. Due to poor infrastructure, their social network is thus very poor.
The structure and quality of family members are the basis of family adaptability. Household
labor force (B3) and level of education (B4) directly affect the livelihood of residents, further
affect the family income, and finally affect the development of the social system. Income
satisfaction (D1) and annual household income (D3) affect residents’ consumption elasticity
and quality of life.
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4.4. Adaptability Mechanism

Residents’ behavior is not only affected by their own conditions, but also affected by
the background environment of their region. However, the impacts of external environmen-
tal changes on residents are difficult to be measured quantitatively. The social-ecological
system framework (SESF) proposed by Ostrom (2009) provides an ideal tool to analyze the
adaptation mechanism [47]. SESF includes all of the resources involved in the interaction
process of human society and ecosystem as well as the social, economic, political and eco-
logical settings. There are four subsystems in the framework (Figure 6): Resource System
(RS), Resource Units (RU), Governance System (GS) and Actors (A). The four subsystems
interact and produce outcomes under the background of the social system and ecosystem,
and emphasize actors’ utilization behavior of resource units from the resource system. The
interaction can effectively explain the adaptation mechanism of residents.

 
Figure 6. SES adaptability mechanism of residents (Ostrom, 2009, [47]).

The RUs in the national park are rich and diverse, including forest, grassland, wildlife,
mineral resources, etc. The interaction and transformation of RUs can ensure the stability
of the ecosystem through positive and negative feedback. The actors in this paper were
local residents. In the early 1950s, logging was still permitted in the QMNPP. As a matter
of fact, it once was treated as a major industry for local governments, which resulted in
50% loss of forest area. In the early 1980s, logging was forbidden. And from the year of
2000, a reforestation project was conducted under the Natural Forest Protection Project
Policy. Then, forest area increased. In terms of grassland, here is a long history that nomads
grazed in this region. As China’s civil war ended in the end of the 1940s, the number
of livestock increased along with a rapid human population increase, leading to severe
grassland degradation. Upon this background, the GS played an important role by enacting
policies to limit the number of livestock and prohibit grazing. Moreover, grassland was
demarcated into plots for households rather than the previous situation in which people
could graze anywhere as seasons changed.

For residents, most of these adaptive behaviors were passive and influenced by policy.
When asked about the prohibition of grazing, one resident said, “We don’t agree with the
grazing prohibition completely. In the core zone, since grazing has been banned, grass
has grown very thick, which is prone to fire in the winter. But being constrained by
policy, we have no choice but to stop grazing.” After grazing was forbidden, the ecological
environment has improved, but the main source of income in the QMNPP was limited; “in
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order to maintain the normal operation of life, we have to choose to work in other places,
or dig up the Cordyceps sinensis, or other ways to support the family.” The livelihood has
changed from only herding or farming to combined occupations. This change in behavior
was spontaneously adopted by residents. After implementing the grazing prohibition, the
GS found that the local social and economic development was restricted. Therefore, the GS
alleviated social problems by providing more employment opportunities, such as forest
and grassland rangers, and encouraging the development of franchising, etc. Moreover, on
the premise of not destroying the stability of the grassland resources system, residents were
allowed to graze properly to maintain the sustainable development of the social system. In
addition, residents also adjust the ecological health of grassland system through rotational
grazing and rest grazing, so as to achieve a win–win situation of ecological benefits and
economic benefits.

From the analysis above, It can be concluded that a resource system maintains the
balance of the resource units through self-organization. Resource units’ interaction will
affect the stability of the resource system in turn. The governance system plays a role in
regulating the residents’ behavior. Residents obtain resource units in the resource system
to meet their livelihood needs, and are dependent on the natural resources. Residents have
both positive and negative behaviors. Positive behaviors, such as returning farmland to
forests and grasslands, will increase the amount of grassland resources, while negative
behaviors such as overgrazing will reduce the amount. The negative impact will lead to
the establishment of rules and policies for a governance system (environmental protection
policies, such as a fodder–livestock balance system, eco-migration, etc.). The behavior of
residents will be restricted by these policies. Moreover, there is a continuous and complex
interaction between social systems and ecological systems. It is thus clear that the adaptive
behavior of residents is caused by legal policies and survival needs. The legal policies are
the basis of residents’ adaptive behavior, and the survival needs are internal motivation.

5. Conclusions and Implications

As China’s policy on protected areas will undoubtedly get stricter in the future,
people’s perception and adaptation should be considered; this is similar to the conclusions
of Jia et al. (2022) [48]. For years, the reserve was managed just like other remote areas
that are not reserves in China, except that logging and hunting were forbidden. Policy
change could bring much adaption issues for local residents. The findings of this article
are consistent with the research conclusions drawn by Yin et al. (2020) that the policy of
ecological restoration is the external thrust of farmers’ adaptive behavior choice [36]. This
study showed that the comprehensive evaluation of residents’ adaptability index in the
QMNPP is at a low level. Residents of different livelihood sources and different regions
had different adaptability levels. The high adaptability groups are mainly formed by the
combination of high policy adaptability, ecological adaptability, economic adaptability,
cultural adaptability and stable ecosystems. These groups are mainly residents living in
the experimental zone and peripheral zone. However, residents’ social, economic and
psychological adaptability were low.

To improve the adaptability of residents and enhance management effectiveness, it is
possible to suggest improving education quality in the reserve as more and more young
people are going out to search for higher salaries and population is decreasing in the
reserve. For the long run, people with higher education would not like to stay in the reserve
any more, which will further decrease the population in it. Then, land rights should be
gradually changed as people move out. Land located at the core zone and buffer zone
should be purchased by the government from local residents who already work outside
the reserve. However, the government should pay more attention to these who have lived
for many generations in the core zone and buffer zone. Most of these people are elders
and ethnic groups, who showed very low adaptability in nearly all domains. While most
of them have been moved out, this paper suggest that infrastructures could be built at
their new home locations. Moreover, pasture land could be set around their new homes to
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maintain their life style, though income from the pasture land would be very low compared
to their previous pasture land.

The analysis framework of residents’ adaptability in the QMNPP constructed in this
study was intended to provide a tool for adaptability analysis in protected areas. This
framework emphasizes the selection of adaptability indicators, which is more comprehen-
sive than the existing indicator system, mainly taking into account various indicators of
SESs, including policy, cultural, economic, ecological, social and psychological domains.
In addition, this framework focuses more on the whole process of adaptability, deepens
the study of the adaptability of residents from the perspective of system integration, and
also provides a theoretical analysis framework for the research of residents’ adaptability to
global environmental change. Moreover, residents are the main actors of national parks
or natural reserves. Adaptability is an important basis for the sustainable development of
protected areas, and thus the results of this study can be used for reference for the com-
munity management of other protected areas. The index system needs to be verified and
improved from the scientific and practical points of view. Additionally, only eight experts
were included; however, we chose experts in different fields to score, which can reflect
some problems to a certain extent. In future studies, we will increase the number of experts
to make sure the data become more convincing. This study reflects the adaptability of
residents in the QMNPP, but it is only one subsystem of the SESF (only an actor subsystem).
Limited by data collection and processing methods, the current adaptability mechanism
focuses on qualitative discussion. In further research, we will construct the SESF of Qil-
ian Mountain, conduct further data collection, and use a combination of qualitative and
quantitative methods to analyze the interaction between the four core subsystems of Qilian
Mountain.
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Abstract: A healthy park–people relationship depends essentially on the fair and sustainable mainte-
nance of rural livelihood. When a protected area is designated, rural people may face restrictions
on access to land and resource use. In Wuyishan of China, we analyzed the role of traditional tea
cultivation during consistent protected area management to find ways to maintain the stability of this
social-ecological system in the new national park era. Based on the social-ecological system meaning
perception, we used an intensive social survey to investigate residents’ perception of the ecosystem
in terms of tea cultivation and its interaction with conservation policies. Results showed that tea
cultivation brought major household income and was associated with multiple cultural services. Pro-
tected area management affected land use, and conservation outcomes were more obvious to farmers
than economic and social ones. We argue that the multi-functionality of the forest-tea system has the
potential to benefit both the local people and the public through conservation-compatible activities at
three levels: to regulate biophysical elements in the land plot, to link production and market at the
mountain level, and to secure tenure and encourage community participation at the landscape level.
This knowledge co-production approach revealed that to avoid a negative park–people relationship,
traditional knowledge and people’s right to benefit must be respected.

Keywords: national park; social-ecological system; ecosystem services; tea cultivation; protected
area management

1. Introduction

In the management of a national park (NP) and other protected areas (PAs), a healthy
park–people relationship depends essentially on the fair and sustainable maintenance of
rural livelihood [1]. Research abounds in the park–people relation that neglect of local
culture and limit to access to resources significantly affect the local community’s satisfaction
with park management and the conservation outcomes [2–5].

A healthy park–people relationship is especially important to current protected area
(PA) management in China, where a new National Park system is under construction start-
ing from pilots. China’s national parks are similar to the National Park in the International
Union for Conservation of Nature (IUCN)’s PA category [6] but the system aims to reform
the previously multi-headed management of various types of PAs by optimizing spatial
planning and unifying management agencies. Since 2015, 10 piloting parks have integrated
separate PAs for ecological integrity while forming a unified management unit. The in-
tegration and unification bring in the new institution that affects both the geographical
location of communities relative to national parks, and the resource use of local people [7].
Thus, the local community’s livelihood is now a focus of NP management in China because
of the reflection on the somewhat fortress approach to conservation [7]. Studies of many
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nature reserves, which are the main area-based conservation measures since 1956, provided
evidence that the perception of cost-benefit of rural livelihoods strongly affected local
people’s acceptance of PAs, hence the management outcomes. Alternative livelihoods, job
opportunities, eco-compensations, infrastructures, and social welfare were typical benefits
rural people pursued [8–11], while restrictions on resources, energy, and productive activi-
ties, as well as human-wildlife conflicts, were frequently mentioned as major costs [12–14].
In addition, respect for local culture [10], the equity of benefits and compensation [15],
and the degree of community participation [9] significantly affected the PA–people rela-
tionship. Therefore, conservation decision-making is oriented to benefit rural livelihoods
through NP designation and management [16].

Rural livelihood is realized through the appreciation of multiple ecosystem services
directly, or indirectly to benefit the local communities [2,17,18]. From agricultural systems
adjacent to the protected area, local communities could provide ecosystem services beyond
basic products to balance multiple benefits of stakeholders if they had a good relationship
with the PA [19]. However, the disproportionate costs of livelihood and benefits from
conservation may raise the counter effect of resource exploitation for livelihood and lead
to the degradation of ecosystems and their capability of providing various ecosystem
services [20,21]. Therefore, a healthy park–people relationship matters to the stability of
the social-ecological system. Considering the NP piloting and the ongoing designation of
official national parks, it is critical to regulate local people’s activities regarding conservation
goals without depriving them of their reasonable demand for ecosystem services, so that
the desired park–people relationship can be built to maintain the resilience of the social-
ecological system (SES) [22,23].

Perceptions and attitudes are an important approach to assessing the performance
of conservation practices because they can affect people’s conservation behaviors [24].
However, to assess the park–people relationship, most studies from the perspective of
perceptions and attitudes of local stakeholders focused on revealing the multi-faceted
costs and benefits of established PAs which have been operating for years, very few
were concerned with the perceptions of a PA in designation, which could differ from the
perception of a long-established PA because people had very limited experience of the
new PA [25]. Furthermore, park–people relationships were seldom explored from the
perspective of ecosystem services although trade-offs of certain goods and services among
multiple stakeholders can define the park–people relationship as the main sources of costs
and benefits to local people. This perspective on an NP in construction provides a solid
theoretical base to broaden the scope of perceptions from focusing on the piecemeal cost-
benefit factors associated with NP management to concerning the holistic human-nature
interactions in the SES. All the various costs and benefits perceptions ultimately stem from
rural individuals’ perceptions of their territory and of its conservation history [26]. These
perceptions can foresee their activities and provide a starting point for designing new rules
to secure rural livelihoods in the NP era. Producing this knowledge with local people is
also meaningful when stakeholder participation is officially promoted for NP management.

Therefore, the basic assumption is that local communities’ perception of the meaning of
their biophysical environment allows understanding and interpreting the human behaviors,
because, during long-term interaction with nature, local communities have the ability to
identify dynamic changes and multiple driving factors. Accordingly, this study aims
to explore the meanings of tea cultivation to the rural people, how they interact with
conservation, and how to adapt tea cultivation to conservation.

The paper focuses on three aspects of residents’ perception of the ecosystem: (1) the role
of tea as a major income source, (2) the role of tea beyond economic significance, and (3) pre-
vious protected area management and its impacts on the tea cultivation. By understanding
the meaning of the human–nature interactions through tea cultivation, the paper provides a
multi-scale NP management approach for a healthy park–people relationship. The study
complements studies of the park–people relationship from a prescient perspective and
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may serve as an example to facilitate community participation in PA establishment in
developing countries.

2. Materials and Methods

2.1. Study Area: Wuyishan National Park as a Social-Ecological System

The Wuyishan National Park (WNP) is located in Southeast China as a part of the
Wuyi Mountains (Figure 1). This NP is integrated from mainly three PAs: the Wuyishan
National Nature Reserve (NNR) to the west, the Nine-Bend Stream Ecological Protection
Area (NEPA) in the center, and the Wuyishan National Scenic Area (NSA) to the east, with
a total area of 982.59 km2 after spatial optimization in its piloting period when the research
was conducted.

Figure 1. The location and composition of the Wuyishan national park pilot initiated in 2015.

Archaeological remains suggested that people settled in the Wuyi Mountains as
early as 4000 years ago. Wuyi Mountains not only have preserved the abundant humid
subtropical forest, provided suitable habitats to endangered species such as Liriodendron
chinense and Halesia macgregorii, but the biophysical and geological conditions also have
nurtured tea bushes dating back as least to the Tang Dynasty (618–907 AD). People’s
productive interaction with nature has transformed the landscape and created rich cultural
landscapes such as the forest-tea system. This is a typical SES in which people adapted to the
natural conditions with their traditional wisdom to keep a delicate balance with other non-
human life forms [27]. Until now, this rural landscape still generates multiple ecosystem
services that benefit not only locals but also domestic and international beneficiaries.
Therefore, the role of humans in the past and present cannot be ignored in the study of the
structure and function of the contemporary forest. In the 16th century, farmers were able to
build terraces for tea cultivation with a system of dykes and drains [28]. There was also a
synergy between tea bushes and natural forest [29], but the recent expansion of tea bushes
and the intensification of land use can lead to forest degradation.

There are about 3000 inhabitants inside the NP and another 20,000 settled within
2 km of the park boundary. Most of the tea farmers live along the upstream zone of
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the Nine-Bend Stream. Rural people keep transforming the landscape mainly through
forest use. In the past three decades, rural households and individuals have responded
to institutional change actively, especially to reform of collective forestry rights and the
management of multiple PAs during the past 40 years, in a good or bad way. Under
the forestry rights reform, the forest land was treated as “a bundle of rights” when the
transaction and operation rights were under the control of individual households with
a clarification of resource boundaries in the collective land tenure. This reform aims at
stabilizing land tenure and improving forestry efficiency, however, the flexibility without
a full understanding of ecosystem multifunction has led to monoculture plantation and
forest degradation [30].

Meanwhile, a series of actions were also taken to protect the biodiversity and landscape
in the form of the national nature reserve (1979) and the national scenic area (1982), which
are generally prioritized for preservation and tourism, respectively. Wuyishan further
entered the list of the UNESCO World Heritage Sites as a mixed site because of its cultural
value, natural beauty, and biodiversity value in 1999. More land-use policies were issued in
the new millennium to regulate human–forestland relationships alongside the designation
of PAs, such as the ban on commercial logging in 2008, and the prohibition against the
expansion of tea orchards in 2011. In addition, more forests were designated ecological
forests. In 2015, the NP pilot was launched and the spatial integration leads to the inclusion
of more rural landscapes adjacent to the boundary of the pilot, making the role of people in
the social-ecological system more prominent when new rules and regulations occur.

2.2. Conceptual Framework

Local PA–people relationships are largely defined by perceptions and attitudes of
communities toward PAs. With the growing recognition of community participation in PA
management and the spreading of socially inclusive conservation approaches, the gover-
nance of PAs should recognize the role of conservation culture, knowledge, and agreement
of local communities [31]. Thus, PA governance is now oriented in an adaptive way that
enables NPs to adapt to spatial and temporal changes in social-ecological systems and
establish and maintain desired park–people relations for ecological, social, and economic
outcomes [32,33].

By understanding the national park as an SES, the literature suggests the provision
of ecosystem services is seldom solely natural, but part of an SES in which resource
users interact with the environment to shape both the ecosystem and their culture [34,35].
According to the SES meaning perception theory, good governance of NPs secures multiple
ecosystem services required by competitive stakeholders by converging their different
perceptions of the same ecosystem to the largest extent [36].

This theory pointed out that, people allocated meaning to many aspects of the ecosys-
tem, which will lead to a perception of the ecosystem service or material as a benefit
(positive meaning) or a perception that benefits are reduced (negative meaning). This
perception will significantly affect their activities. For example, if local people perceive
forests as a commodity, they may practice timber harvesting, but if perceived as natural
beauty by others, recreational activities may be preferred [36]. Therefore, balancing multi-
ple benefits of stakeholders will eventually have impacts on the provision of ecosystem
services to many stakeholders in general, and local people’s livelihood in specific. Fur-
thermore, the perception of ecosystem services is highly context-dependent; any change
in the biophysical or socio-economic conditions may lead to a change in resource users’
behaviors because people modify their behavior based on their knowledge and expectation
concerning future changes [37]. This is obvious when new conservation policies and prac-
tices are applied in rural areas, where local people face uncertainty in livelihood and may
take action to secure their benefit, thus affecting park–people relations.

Therefore, upon this perspective of perception of SES, this study analyzes the funda-
mental perceptions of the forest ecosystem in which the local tea farmers dwell, concerning
both the meanings and the changing context. By using the SES meaning perception theory,

246



Land 2022, 11, 532

our study demonstrates how the local residents’ perception of SES contributes to a positive
park–people relationship. We argue that the multi-functionality of the forest-tea system
has the potential to benefit both the local people and the public by exploring its cultural
meaning. The negative park–people relationship may persist if traditional knowledge
and the right to benefit are still neglected. In this paper, we show how local tea farmers
perceived the ecosystem during the ever-changing types of PAs and their management,
and how this knowledge co-production helps build a good park–people relationship in a
new NP.

2.3. Survey and Data Analysis

The research uses an intensive semi-structured interview with a sample of tea farmers
living in and adjacent to the national park (Figure 1). The interview was widely used as
an interactive method to gain information on specific conservation issues and understand
the knowledge, values, beliefs, or decision-making process of stakeholders [38]. The semi-
structured interview is more flexible for researchers to ask additional questions besides
standard questions for complex issues in the studies of conservation science-policy inter-
faces [39]. It is also important for Wuyishan where local people are less represented in
conservation decision-making. The interview was organized in different sections focusing
on the following topics:

(1) General data of respondents, including personal characteristics such as age, gender,
householder status, education, length of residency, household size, and production
characteristics such as tea cultivation experience, labor conditions, tea plot size, tea
plot umbers, distance to tea orchards, annual household income.

(2) Tea farmers’ perception of the critical factors affecting the production of tea, in terms
of land tenure, market competition, and natural conditions.

(3) Tea farmers’ preference and assessment of the importance of ecosystem services
associated with the forest and how they value tea cultivation during the construction
of an NP.

(4) Tea farmers’ perception of the efficiency of protected area management in terms of
ecological, economic, and public welfare outcomes, considering potential land use
conflict between community livelihood and ecological protection targets.

The questionnaire contained open-ended questions for topics 2, 3, and 4 to form a
major part of a semi-structured interview and close-ended questions for topics 1 to 4 as
a structured social survey. The respondents could answer “yes”, “no”, or “I don’t know”
to the closed questions; they could choose items all fitting their conditions from some
multiple-choice questions; they could explain or provide examples to the open questions in
detail. The average duration of each interview was about 40 min.

The interviews were conducted face-to-face by a team of trained volunteers from 18 to
31 July 2016. In total, 221 tea farmers participated in the study, with ages ranging between
21 and 75. This sample was a subset of a larger sample of local residents and a stratified
random sampling technique was used and explained in detail in He et al., 2018 [39]. Most
respondents answered all the questions. Only a few questions were left unanswered by
very few people because they forgot certain numbers, did not like to comment, or had no
idea of certain information. This does not affect qualitative analysis due to information
saturation. In the quantitative analysis, numbers of valid data (e.g., n = 218) were provided
to show how many people did not respond to certain questions.

Qualitative data collected from interview questions were analyzed by using the key
information, and following a grounded theory approach by using the open coding and axial
coding to categorize and describe tea farmers’ perception of the meaning of ecosystem ser-
vices and tea cultivation under PAs. Open coding is the process of decomposing, comparing,
conceptualizing, and categorizing textual material and then recombining and manipulat-
ing the codes in new ways [40]. During the open coding process, the raw data from the
open-ended questions were labeled to form concepts that reflect the multiple meanings of
tea cultivation and the relationship with PAs. Similar concepts were further combined into
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categories that scaled up scattered concepts to cover the major research questions that the
research aim to answer, including basically economic meanings, social-cultural meanings,
park–people synergies and conflicts, protected area management outcomes, etc., laying
the foundation for axial coding and provide information for the Results section. The main
purpose of axial coding is to discover and establish relationships between concepts to
characterize the linkages between different categories [40]. With multiple concepts and
categories, the relationship between multiple meanings of tea cultivation and the current
park–people interactions was built from a perspective of ecosystem service trade-off. This
basically provided information for the Discussion section.

Quantitative data from the survey were entered and analyzed using Statistical Package
for the Social Sciences (Version 21) and the significance value is 0.05 if not specifically
mentioned. The data were analyzed in terms of descriptive statistics for general data and
perceptions of the management of tea and the PAs. The non-parametric correlation was
used to reveal the relationship among those general data that reflect farmers’ productive
behaviors, and categorical regression was used to detect the impact of variables concerning
natural and human assets on the household income based on previous research [39].
For example, high tea leaf yield and more labor in a family can bring higher income [41]
(Section 3.1).

For the assessment of the importance of the ecosystem services, each respondent
was provided with a list of 15 ecosystem services with illustrations to assist in under-
standing [39]. They were asked to select and ranked five ecosystem services from the
list. Ecosystem services with ranks from one to five were given a score from six to two,
respectively, and those not selected were given a score of one. An average weighted score
of each specific ecosystem service was calculated according to all the respondents using
the equation: ∑(Si × fi), where Si was the given score of a specific ecosystem service by
each respondent and fi was the frequency of respondents making this choice, i was the six
selecting results. i = 1 to 5 when the ecosystem service was ranked from the first to the fifth,
and i = 6 when it was not selected.

A multiple correspondence analysis (MCA) was used to explore the synergy and
trade-off of the social preference for ecosystem services among tea farmers. MCA is a
descriptive method that reveals patterning in a complex dataset and is widely used in
studies where a large amount of qualitative data is collected [42]. Each of the 15 ecosystem
services was a variable with two categories of selecting this ecosystem service and not
selecting it based on the ranking procedure, making it a total dimension of 15 (30 minus 15).
The calculated total inertia was 1 (the maximum number of MCA dimensions (n = 15)
divided by the number of variables (n = 15)). A solution was explored with two MCA
dimensions: the first accounting for 12.3% (0.123/1) of the variance and the second for
11.2% (0.112/1), yielding a total variance of 23.4% (0.234/1). Discrimination measures
and a joint plot of category points were obtained. In the plot, the coordinates of each
category ((non-) selection of an ecosystem service) on each dimension were displayed to
determine synergy and trade-off patterns of ecosystem services as perceived by tea farmers.
The distance from an object to the origin is the reflection of the variation from the “average”
pattern (the most frequent category for each variable). Thus, ecosystem services that were
perceived almost unanimously as important or not lie near the origin, and vice versa.

2.4. Sample Description

The average age of the 221 respondents was 49, and 62% of them were between the age
of 40 to 59 as a major labor force. Males and females represent 84% and 16% of the sample,
respectively. Furthermore, 71% of the sample consisted of householders and the ratios of
males and females were 97% and 3%, respectively (Table 1). Most of the respondents (47%)
held a secondary school degree while 30% had finished primary education at best.
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Table 1. Description of the tea farmers involved in the social survey.

Factor Category (%) Factor Category (%)

Gender
F 16

Tea cultivation
experience (years)

<5 10
M 84 6–10 12

Age

18–24 1 11–20 26
25–39 17 21–30 31

>30 21
40–59 62

Labor proportion
(%)

<30 13
>60 20 30–40 15

Householder
Yes (F, M) 71 (3, 97) 40–50 12
No (F, M) 29 (49, 51) >50 60

Education

Primary and under 30

Land Plots

1 10
Junior 47 2–5 46
Senior 17 5–10 36

College and above 6 >10 8

Length of local
residency (years)

<30 4

Land area (mu)

<5 6
30–40 14 5–10 11
40–50 37 10–20 23
50–60 25 20–40 38
>60 20 40–60 6

Household size

1–3 17 >60 17
4–6 65

Walking distance
(km)

<1 3
7–9 13 1–5 69
>10 5 5–10 19

>10 9

Annual household
income

(10,000 RMB)

<5 9
5–10 17

10–50 52
50–100 11
>100 12

The average family size was five people. Most of the respondents (83%) had a family
size of at least four people. The average ratio of the labor force in a family was 55%, and the
ratio was more than 50% for 60% of the respondents. The median length of engaging
with tea cultivation in the household was 20 years (n = 218) with a range of one year to
60 years. The median length of local residency was 47 years (n = 217) with a range of five
to 75 years. Most respondents (52%) claimed annual household income as between 100,000
and 500,000 yuan (about 16,000 to 80,000 USD) (n = 218).

For the ownership of tea orchards, the median number of land plots for a household
was four plots, ranging from one plot to 60 plots (n = 202). The median number of the total
area of tea plots of each household was about 20 mu (1.33 ha) ranging from one to 400 mu
(0.067 ha to 26.67 ha) (n = 216). The longest walking distance from home to attend to the
tea bushes was 20 km and the median distance was 2.8 km. Most of the respondents (72%)
had tea plots within a walking distance of 5 km.

3. Results

3.1. The Importance of Tea Cultivation as Economic Benefits

Tea was essential for livelihood. Considering the entire sample, households who
had a longer residency time also had a longer engagement with tea cultivation (p < 0.01).
In addition, households that owned more plots tended to have a larger total area of land
(p < 0.01, n = 202). Furthermore, households who had more plots and a larger area of tea
orchard traveled longer to their land (p < 0.05, n = 199; p < 0.05, n = 213, respectively).
Families with a larger scale and higher ratio of workforce tended to own a larger area of
land (p < 0.05, n = 217; p < 0.05, n = 217, respectively).

For most respondents (97%), tea was mainly for sale on the market for income. Here,
46.6% of the respondents reported that they focused on the national market and 33.5% on
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the local market. Tea farmers sold raw tea leaf, coarse tea, or refined tea with a certain
proportion according to market conditions and their capacity. According to the respondents,
one unit of refined tea was produced from two units of coarse tea dried from 10 units of
raw tea leaf in the Wuyishan area. The market value of coarse tea and processed tea varied
a lot due partly to the geographic location of tea orchards. The unit yield of raw tea leaves
ranged between 100 to 750 kg/mu. Raw tea leaf was priced between 6 and 20 yuan/kg
(0.96 to 3.2 USD/kg) and refined tea between 60 and 600 yuan/kg (9.6 to 96 USD/kg).

As tea cultivation was claimed, the most important income source (90% above),
the categorical regression was used to reveal how the level of income depends on the
multiple socio-economic factors specific to the tea farmers (Table 2). It was found that
the annual household income level has been significantly affected by the total area of tea
orchards, family size, the percentage of the workforce, the number of tea plots, and the
distance of the farthest land plot, all indicating a positive relation. Therefore, the income
was basically affected by land and labor.

Table 2. Impact on the household income from the analysis of categorical regression (R2 = 0.611,
n = 194).

Dependent Independent Beta

Annual Household Income

Residency time −0.076
Time of engagement with tea 0.068

Family size 0.157 b

The ratio of the workforce 0.159 b

Number of plots 0.19 b

Land area 0.553 b

Longest walking distance 0.129 a

Education 0.100
a p ≤ 0.05; b p ≤ 0.01.

Respondents’ perceptions of tea cultivation have revealed more details of their income
dynamics and critical impacting factors besides those social-economic features.

They perceived income change differently (Figure 2a). Of the respondents, 44%
perceived an increase in net income since their engagement with tea plantations, but 38%
claimed a continuous market fluctuation. Some tea farmers who were engaged with tea
cultivation for more than 30 years had identified several critical timing in the fluctuation of
market value. They described a general increasing trend over the last three decades and
ascribed it to the confirmation, registration, and issuance of certificates on the right to the
contracted management of forested land; while a recent (ca. 2015) decreasing trend was
attributed to the increasing cost of labor by tea farmers.

Figure 2. Tea farmers’ perception of income (a), market competition (b), and environmental condi-
tions (c) concerning tea cultivation and production. Illustrated by the number of respondents and
the percentage.
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For the intensity of market competition, more than 60% of respondents felt increasing
pressure, compared to 6% who thought the opposite (Figure 2b). Interestingly, 32% of
respondents reported no pressure as most of them said, “We had no feeling of competition
at all because we only focused on what we can achieve”. They claimed to have a stable or
even fixed source of customers and their land, that is, shan chang (literally “the mountain”)
in specific geographical locations secured the tea quality. For those who had an experience
of intensified competition, they ascribed it to several causes, such as unfair competition
with fake commodities, farmers shifting from rice to tea planting, forcing the price down
by buyers, no brand or green certificate for small-scale farmers, etc.

For the environmental conditions (Figure 2c), 59% of the respondents did not think
there was a significant change regarding tea cultivation, especially regarding soil and
weather conditions; but not many thought that the climate was getting any better (12%)
either. Those who felt a change, especially a negative one, attributed it to climate change
and human disturbance. They claimed to have experienced a higher frequency of heavy
rain, drought, and spring frost, earlier warming, and more snowing days, all leading to the
decrease in tea leaf yield. However, they also expressed satisfaction with the improvement
of soil and water conditions due to human intervention such as weed control, fertilization,
forestation, and water conservation. Furthermore, respondents mentioned that important
environmental conditions for tea cultivation, including rock, soil, topography, and forest,
cannot be separated but form an integrated system, the shan chang, which was suitable for
tea bushes to gain sunshine and water.

Ownership of shan chang was very stable as thought by 96% of the respondents. Some
pointed out that there was no way to own new land through land clearance and the only way
to expand tea cultivation was to rent others’ land (which was not in the same production
collective) or to get subcontracted land (which was in the same production collective).

3.2. The Social-Cultural Benefit Associated with Tea Cultivation

The assessment of the importance of typical ecosystem services in the Wuyishan
area by tea farmers indicated meanings of tea cultivation beyond economic importance.
For all the listed ecosystem services (Figure 3), tea as a product was perceived by 95% of
respondents as an important one that should rank in the top five, followed by fresh water,
which was chosen by 70% of the respondents. The few who did not rank tea cultivation
among the top five important ones mostly perceive eco-tourism, air purification, and local
culture as more important. Eco-tourism was the most chosen cultural service as 60% of
respondents thought it important, followed by the local culture which was chosen by
more than half of the respondents. For regulating services, the most chosen one was air
purification (41%). The scores of each ecosystem service also indicated that tea farmers
definitely thought the provisioning of tea was the most important ecosystem service to
them (5.3), followed by fresh water (3.2), eco-tourism (2.5), and local culture (2.3).

The MCA revealed the relationship between different ecosystem services in terms of tea
farmers’ perception (Figure 4). The first and second dimensions presented are, respectively,
eigenvalue, 1.838 and 1.676; inertia, 0.123 and 0.112; and Cronbach’s alpha, 0.658 and 0.638,
which were slightly lower than the generally accepted lower limit of 0.70; however, a smaller
value is acceptable in exploratory research [43]. The locations of choosing tea were very
close to the origin of the coordinates, indicating that respondents had an almost unanimous
assessment of the importance of tea cultivation. By contrast, locations of ES decisions far
from the origin of the coordinates indicated not a unanimous perception of importance
among respondents, such as the NTFPs, rice, research, and environmental education.
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Figure 3. Tea farmers’ preference of ecosystem services concerning their overall importance to life
(NTFP: non-timber forest products).

Figure 4. The MCA biplot of the preference of ES among tea farmers. Red: cultural services; yellow:
provisioning services; green: regulating services.

The first axis revealed a trade-off between decisions of cultural services and other
services except for tea cultivation or climate regulation, which indicates synergies between
cultural services and the other two. The second axis revealed a trade-off between regulating
services and other services except for fresh water, tea, and aesthetics to show synergies.
Therefore, respondents who perceived tea cultivation as important or not also tend to
perceive cultural services and regulating services as important or not.

Following the preference for ecosystem services beyond tea as a product, respondents
identified many socio-cultural meanings of tea in the answers to the open-end question of
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how tea farmers value their tea orchard under the construction of an NP. Three aspects were
identified after coding all the expressions (Table 3). First, engaging with tea cultivation
brought individuals with physical and mental health; second, it led to the social stability
of the community; third, it facilitated inherit of cultural heritage. These aspects were all
confirmed as taking effects all the time, although some traditional knowledge was gradually
lost. It was especially obvious that when asked about the concrete expressions or records
regarding traditions associated with tea cultivation and processing, most respondents
acknowledged that ceremonies were no longer practiced and folk songs and sayings were
not commonly mentioned in daily life.

Table 3. Socio-cultural benefits expressed by the respondents.

Social-Cultural Meaning Sample Expression

Physical and mental health

My view was broadened through communication during the tea sale.
The natural environment secured high-quality tea which satisfied me.

Regular working in the field has improved my physical condition.
Drinking tea was good for people’s health.

Social stability
Courtesy was practiced during tea processing and ceremonies.

Engaging with tea reduced time spent on gambling and drinking.
Tea processing can absorb idle labor.

Cultural inheritance

The fame of Wuyishan was promoted.
We can learn from historical experience.

Tea culture can be promoted.
New blending and flavor of tea can be invented.

Nevertheless, they had still provided some information on the tea culture. Abundant
folk songs and sayings were describing the origin of tea, the timing for attending to tea
bushes, the experience of tea production, the technology of tea planting and processing,
and the value of tea. They agreed that inheritance and communication of relevant knowl-
edge were still possible. When asked about tea cultivation and processing techniques,
the 221 respondents provided 285 answers, of which 35% were “through communication
with neighbors” and 29% were “passed on for generations”, compared to 13% of “gov-
ernment technology popularization” and 23% of “other sources”. The respondents also
mentioned the mix of practicing religion with the production and enjoyment of tea. Finally,
they confirmed that some traditions, such as the ritual of the initiation of tea picking, have
been gradually resumed.

3.3. Perceptions of Protected Area Management and Expectations of Future Management

Respondents were aware of the existence of the PAs and the impact of their man-
agement on tea cultivation. 83.3% of the respondents were aware of the existence of the
national nature reserve and the scenic area, and the rest were not sure about the exact name
(n = 221). Concerning the awareness of the geographic location of their land (Figure 5),
only 15 respondents said they were not sure of the exact location, and other respondents
all confirmed that they had tea plots inside of the PAs (107, 48%) or not (99, 45%). For
those who had land located inside of the PAs, 61 (57%) perceived no effect of conservation
management while 46 (43%) pointed out different forms of control that they thought of
as disturbances to their tea cultivation. These claimed disturbances were listed in Table 4.
Generally, there were two types of control; the first was a complete banning of certain land
use or production way, and the second was some specific development control. These
identified as prohibition and restraints were all official policies other than collective actions
as informal customs. A third disturbance was also mentioned as a side-effect or accidental
injury to tea cultivation during the implementation of PA management policies, such as
mistakenly removal of tea bushes, contamination of tea leaves by spraying insecticide on
pine forests, and lack of control on tourists who affect tea bushes.
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Figure 5. Perception of the impact of protected areas on tea orchard.

Table 4. Identified disturbances to livelihood activities within the protected areas.

Tea Relevant Prohibition Restraints

No Harvesting Chinese fir;
Collecting firewood;

Tourism;
Collecting herbs;

Yes

Clearing forest;
Pruning tree (to avoid shading tea bushes);
Ketu (literally “guest soil”), replacing soils

under tea bushes with new soils from nearby;
Modernizing roads to tea terraces;

Fertilizer amount;
Tea bush trimming;

The flow of tea buyers;
The flow of motor vehicles;

The scale of the tea processing factory;
Choice of varieties of tea bushes;

Respondents also hold diverse perceptions of protected area management concerning
their ecological, economic, and social outcomes. Ecological outcomes were explained
as direct protection results concerning elements of the ecosystem and itself. Economic
outcomes were income, job position, commercial opportunities, etc., which can bring
monetary benefit during PA management. Social outcomes were broader public welfare
such as improvement in infrastructure and education with the existence of PA. In general,
tea farmers were most happy with the ecological outcomes of conservation but the least
with the realization of public welfare. For ecological outcomes, 68% of the respondents
provided a positive reply (Figure 6a), while 45% of them claimed no enjoyment of any
public welfare provided by the PAs (Figure 6c). Benefiting from the commercial operation
of the PAs seems the most difficult to judge as the numbers of respondents holding negative,
positive, and neutral attitudes were almost the same (Figure 6b).

Figure 6. Tea Farmers’ perception of conservation effectiveness: ecological outcomes (a), economic
benefit (b), and public welfare (c).
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Concerning the current establishment of the NP, respondents expressed their concern
if tea plots would be returned to the forest. About 35% of the respondents held the attitude
that there was no room for negotiation of any compensation fee as the tea orchard was the
lifeline, and it was ridiculous to even think about land acquisition for other use. About 10%
thought that giving up tea plantation was negotiable only if the compensation could satisfy
them, the conditions included compensating according to the market value, the quality of
land, and through land replacement, and the general expectation was that the living stan-
dard must not be lower than the current one. However, they acknowledged that negotiating
conditions would be difficult based on their experience. The rest all preferred monetary
compensation alone, 16% of the respondents asked for annual compensation, and another
39% proposed one-off compensation. However, there was a wide range of expected pay-
ments due to the productivity of the land. For the annual compensation, the expected value
had a range between 7500 and 1,500,000 yuan/ha (1200 to 240,000 USD/ha); and for the
one-off payment, that was between 3000 and 9,000,000 yuan/ha (480 to 1,440,000 USD/ha).

4. Discussion

4.1. Sustaining Traditions in a Protected Area under a Modern Market Economy

This study revealed how the tea farmers perceived the role of tea cultivation. One
key finding is the dilemma between traditional farming and the market economy. Tea
cultivation is still a traditional way of farming the forest as land and labor-intensive. Tea
farmers have limited but enough access to the market by setting up a relatively fixed
distribution channel in an acquaintance society. Therefore, they are eager to exploit more
forested areas when engaging deeper with the market competition, but they are subject
to even stricter land management rules. This dilemma is not uncommon globally [44,45],
and significantly prominent in developing countries [46–48]. This study thus provides a
way out of this dilemma to help conservation as well as rural development.

As in many agroforestry systems, tea cultivation in Wuyishan is not separated from the
forest ecosystem, but together they formed coupled social-ecological systems generating dif-
ferent ecosystem services that benefit human well-being and development [49]. The provision
of multiple ecosystem services is based on the agriculture of multi-functionality, which was
widely supported top-down such as in the European Union (EU) [50,51] but is not well-
studied in China [52]. To shed some light on this, this research showed that tea farmers
think highly of local culture and eco-tourism, and tea cultivation is potentially clustered
with cultural services. They all indicate that tea farmers may have the demand for com-
mercialization of the traditional culture to fulfill other functions of tea cultivation beyond
producing leaf. Thus, appreciation of cultural services can become a way of generating
income besides tea production, and could possibly reduce the cases of illegal expansion of
tea bushes to the forest. Concerning an even broader scope of social-cultural benefit, our
study found that tea farmers cherish tea cultivation as a way of improving the well-being
of a person, facilitating social stability, and sustaining a living culture. These functions of
tea cultivation comply with the objective of a healthy park–people relationship and they
were not unique to tea cultivation but many traditional practices in rural areas.

Therefore, farmers in rural areas can and will maintain traditional activities under PA
management, if they understand the traditional culture and ecological protection concept
can valorize many elements during goods production. This balance between farmers’
interest and public welfare can be realized through the integration of multi-functionality
and sustainability [53]: through the provision of multiple goods and services from the
same social-ecological system, there is both an added-value over land expansion (ecological
valorization) and diversity services over single products (cultural valorization) to resolve
the dilemma of rural development and conservation.
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4.2. Benefit-Sharing in the Protected Area

Equity and sustainability are important goals in natural resource management [54,55].
They also matter to the stability of a social-ecological system because resource users could
perceive the benefit-sharing mechanism and react accordingly [36]. It is not surprising that
tea farmers thought PAs have affected their benefit mainly because some traditions in tea
cultivation were not respected, such as pruning and Ketu (Table 4). However, some of the
disturbances are not true disturbances regarding “tradition”, such as the prohibition of
“modernizing roads to tea terraces” and the restraint of the “flow of motor vehicles”. They
are identified as “disturbances” usually because they affect income generation activities.
Nevertheless, results from the perception of current conservation effectiveness show that
PAs did not quite benefit tea farmers either through bringing income or providing more
public welfare, although, at the same time, the biophysical conditions were improving.
This indicates that a trade-off between maintaining the ecological functions and securing
livelihood still exists.

In the newly designated NP, this issue is amplified as more working land is now within
the boundary of the NP. To ensure the resilience of the system, there are three aspects of this
social-ecological system worth further discussion based on the results. First, the stability
and consistency of the land tenure system are important, as farmers cannot afford to
lose land or affiliated products. Additionally, sustaining traditions in a market-oriented
economy can benefit from treating the land property right as a bundle of rights. This means
to constrain tea farmers’ use rights but respect the right to benefit, as is usually practiced
in conservation easements [56–58]. Second, the co-existence of forest and tea orchards
has brought to tea farmers, the user system, an impression that a healthy environment is
good for both people and tea bushes. The well-preserved natural conditions can transform
a common product of tea into a famous brand that brings added value [59,60]. Third,
the resource system is not solely tea bushes, but the integrated forest ecosystem, that is,
shan chang. This means unnecessary human disturbance to the forest from tea cultivation
should be reduced.

Therefore, the case of tea cultivation indicates that constraints to land use do not
necessarily lead to instability of the system if users can conduct conservation-compatible
activities that have limited disturbance to the natural environment [7]. This idea is not new
and has been practiced in some areas, such as restrictions on the owner’s use of land in a
conservation easement. The difficulty is that this way of benefiting from conservation can
be equitable and sustainable sometimes only in a long run, so some initiating stimulus and
patient negotiation are necessary [61–63].

4.3. Making Community Livelihood Compatible with Conservation Goals under a National
Park Concept

The national park idea promoted in the Chinese context strengthens the strict pro-
tection of large-scale ecosystems and their processes while respecting human activities
conducted in harmony with nature, especially those practiced by local residents for hun-
dreds of years. It was originated through reflection on the efficiency of fortress conservation
and the need to secure multiple ecosystem services [64]. Under this idea, conservation can
provide opportunities for benefit sharing through sustaining traditions if added values
are realized through conserved nature instead of exploitation of forests and/or adding
chemicals for quantity [16].

From tea farmers’ perception of the role of tea and the relation between tea cultivation
and PAs, we feel that management should be implemented on three scales to help sustain
tea cultivation under conservation goals (Figure 7). This management may apply to other
agroforestry systems in mountainous areas as well. It is highlighted that an efficient solution
to a healthy park–people relationship based on a fair distribution of ecosystem services
should not be looked at the park scale alone, but instead, on plot, mountain, and landscape
scales. This enables divergent strategies at different scales and provides potentially more
scale-specific and also flexible options to integrate parks and people in fair ways.
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Figure 7. A scaling management strategy for adapting agroforestry systems to conservation in
mountainous areas.

First, at the scale of the plot, attention should be given to species and biophysical
elements for tea bushes, such as tea breeding, soil, and water conservation along the
mountain slope. This is because these basic inputs sustain the growth of tea bushes and
ensure the basic provisioning service. Conservation-compatible behaviors also start at this
scale to avoid unfavorable activities such as killing trees.

Second, at the mountain scale, attention should be given to how the users manage the
resource system. Major management decisions are made at this scale to link old wisdom
with new technology to sustain the basic structure of the forest-tea terrace. Farmers are
sensitive to land location and interactions with PAs mainly at this scale, and they are
seeking ways to adapt to climate change and fluctuating markets. They also tend to
combine provisioning services with cultural services to enlarge income sources.

Third, at the landscape scale, attention should be given to the land tenure system and
the community’s participation in conservation to varying degrees, such as conservation
easement, payment for ecosystem services, conservation steward program, etc. Homoge-
nization of the landscape resulting from the expansion of tea cultivation will be disastrous
to the forest and is a violation of conservation goals.

5. Conclusions

National parks in China are very different from those in North America because it
is difficult to find a large area of the wilderness without human activities perhaps except
on the inner Tibetan Plateau. Finding ways out of the common dilemma of improving
livelihood under conservation restrictions leads us to conduct this research when the
newly proposed national park system provides opportunities to reflect on protected area
management and learn from global experience. Wuyishan is a typical area where human
activities have lasted very long with the remnant of the forest of high ecological values. This
research found that conservation through setting up PAs has impacted local tea farmers’
understanding of conservation regarding their demand for income. It also found that
maintaining tea cultivation in harmony with the forest needs to find ways to add value to
tea. In theory, this research proved that the SES meaning perception theory can reveal the
potential synergies between local people and other stakeholders; in practice, the knowledge
co-produced through local perception is reliable to form incentives for farmers to comply
with conservation rules to secure the stability of the social-ecological system.

As revealed in this research, tea farmers are seeking equitable and sustainable benefit
sharing in the PAs. The NP has the potential to secure the livelihood of tea cultivation and
to promote cultural values which the tea farmers think highly of. Therefore, it is possible to
maintain the stability of the social-ecological system if multiple ecosystem services can be
provided, and their provision is facilitated in the management of multiple levels: the plot
level where controlling and monitoring of biophysical elements are critical; the mountain
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level where production and market are critical, and the landscape level where land tenure
and community participation are critical.

The findings are encouraging for many cultural landscapes around the world which
face a similar challenge in nature conservation activities. Understanding the potential
of multiple ecosystem service provision through farmers’ perception will be helpful in
PA designation and other ecological policy design and implementation. This three-level
management may also help guide compatible production behaviors for conservation targets
while securing farmers’ income in populated PAs. Further research is also needed to find
critical factors that could turn the potential of provision of multiple ecosystem services
into real provision and income to create real multifunctional agriculture embedded and
connected to PAs.
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Abstract: As a management strategy, community participation is to implement the coordinated
development of communities and protected areas. In recent years, the development of China’s
national parks has faced many challenges related to human and environmental constraints. Commu-
nity participation plays an essential role in solving such issues. As one of the critical indicators to
test community participation, community residents’ willingness to participate significantly impacts
community participation in constructing national parks. As such, this study was conducted using the
extended model of the theory of planned behavior (TPB) and the structural equation model. Taking
the Tianzhu county and Sunan Yugu county as examples, and based on 230 valid questionnaires,
we investigated the impacts of the Qilian Mountain National Park System Pilot Area on commu-
nity residents’ willingness to participate and provided relevant suggestions for amendments. The
results indicated that, for the Qilian Mountain National Park System Pilot Area, behavioral attitude,
subjective norms, and perceptual behavior control positively impacted the participation intention
of community residents. At the same time, the variables mentioned above positively impacted the
implementation of the participation intention of community residents. Specifically, the order of
impacts is as follows: perceptual behavior control (path coefficient = 0.89) > participation behavior
attitude (path coefficient = 0.68) > related impact system (path coefficient = 0.41) > subjective norms
(path coefficient = 0.38). According to the results, we put forward three suggestions: (1) provid-
ing relevant instructions and guidance on various methods to ensure that the pilot policies on the
construction of national parks can form a positive relationship with the participation intentions of
the community residents; (2) making full use of the function of perceptual behavior control, so the
subjective initiative of community residents can be maximized, thereby enhancing the willingness of
community residents to participate in constructing national parks; and (3) strengthening the impacts
of subjective norms, enhancing the soft culture of national park communities’ participation, reshaping
the community cultural landscapes with the goal of constructing national parks, and establishing
community residents’ sense of honor as the builders of national parks.

Keywords: Qilian Mountain National Park; community participation; TPB extended model; balloon
dessert; structural equation model

1. Introduction

The mechanism of community participation in national parks originated in the United
States in the 1960s and 1970s [1] as an autonomous management policy that includes
community residents. After a long period of evolution [2,3], it has become one of the most
crucial components of the management measures of protected areas. The core idea of this
concept is to encourage the residents of national park communities to participate in the
construction of national parks to varying degrees as participants and beneficiaries of the
national park system [4]. The majority of international research on community partici-
pation has focused on the macro level [5]. Most of this research was carried out through
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semi-structured interviews and analyzed individual cases or multiple cases [6]. The major
factors that affect the willingness of a community’s participation include management
system issues, implementation progress of relevant policies, ecological compensation, and
related conflicting interests [7,8]. At present, China’s national parks have adopted the same
policy guidance [9]; meanwhile, it reviews and compares the community participation
policies implemented by the protected areas and explores the different issues encountered
by the community participation policies in developing China’s nature reserves [10]. In the
current research related to the willingness to participate in national parks, the primary
evaluation is based on measuring the perceived value of community residents [11]. As
major events affecting the community, National Park System Pilot Areas have strengthened
local residents’ sense of place and identity [12,13], becoming one of the core elements that
affect the willingness of the participation of community residents. At the same time, some
scholars have claimed that the mechanism of national park community participation relies
primarily on cognition, attitude, and participation [14]. Mensah believes that the impact of
the perceived financial benefits of tourism has a significant influence on community engage-
ment [15]. However, other scholars hold different attitudes toward relevant conclusions
based on different research areas. These researchers claim that community engagement
in tourist development is strongly dependent on gatekeepers’ attitudes and communities’
economic backgrounds. Ensuring community participation is more difficult in settings
where economically vulnerable communities and manipulative gatekeepers are present. As
a result, sustainable land and resource use practices are hindered, resulting in irreparable
damage to environmentally sensitive areas [16].

Community participation is an essential part of the development of national parks.
The willingness to participate is a prerequisite for the effective implementation of the
mechanism of community participation; it is mostly affected by the behavioral attitudes
and perceived value of community residents. Therefore, this study was conducted using
the theory of planned behavior (TPB), which Ajzen proposed in 1977 [17]. This model is
used to explain the behavioral attitude and behavioral intention of the research object, and a
large number of scholars have used this model to study problems related to national parks.
Miller used the TPB model theory to investigate and analyze the phenomenon of human–
animal conflict among tourists in Yellowstone National Park in the United States and put
forward practical suggestions for tourists and managers to prevent such incidents [18].
Goh et al. (2017) studied tourists’ intentions to go off-trail in the Blue Mountains National
Park (BMNP) in Australia and revealed that pro-environmental attitudes effectively predict
general environmental worldviews [19]. Using the theory of planned behavior, Reigner et al.
(2009) analyzed the relationships among visitors’ attitudes, subjective norms, and perceived
control over pool exploration, intentions to explore, and actual actions at pools [20]. This
theoretical model is mainly used to explain the behaviors, attitudes, and intentions of
the research objects. Nevertheless, the adaptability of some research subjects can hinder
analysis when the model is applied to research in various fields. Behavioral intentions are
often restricted by objective conditions. Ajzen also recognized the existence of such an issue
and therefore pointed out that corresponding corrections or extensions are needed when
utilizing the TPB theoretical model 1 in order to better adapt to research subjects when
applied to different disciplines [21]. In the current research, Wenbin Zhang introduced
ecological compensation mechanisms as an extension of the TPB model and analyzed
the willingness for ecological protection and behavioral intentions of the residents in
environmentally protected areas [22]. Han tested the established TPB model and explained
consumers’ behavioral intentions with regard to choosing eco-friendly hotels by using
the structural equation model [23]. Yuangang Zhang introduced local theory into the
TPB extended model as a research variable to analyze the impact of local emotions on
tourists’ traveling behaviors [24]. Using the theory of planned behavior (TPB), Wang et al.
(2019) investigated the effect of the EB of a tourist spot on the ERB using a structural
equation model (SEM) multi-group study (MGA) [25]. For hikers visiting a national park in
Taiwan, Wang et al. (2020) investigated a behavioral model employing the latent variables
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of personality, environmental concern, attitudes toward activities, and environmentally
responsible behavior [26]. This study will also introduce extended variables when using
the theory of planned behavior (TPB): the impact of the pilot implementation of Qilian
Mountain National Park on the willingness to participate of community residents (the
following is the relevant impact system).

Based on the theory of planned behavior (TPB), this paper constructs a theoretical
model in five aspects, including pilot implementation of national park policies, residents’
behavioral attitudes, subjective norms, perceived behavioral control, and the willingness of
residents’ community participation. Taking the Gansu area of Qilian Mountain National
Park as an example, this study focused on using a structural equation model to investigate
the mechanism of the influence of policy pilots on community residents’ willingness to
participate in the construction of national parks. The innovations of this article include the
following: (1) taking the perspective of collective choice as a prerequisite, exploring the
changes in the degree of recognition of community participation through residents’ subjec-
tive willingness in the circumstances of the implementation of major policies; (2) using the
National Park System Pilot Area as the only influential factor among independent variables
to explore whether community participation is affected, deepening the understanding of the
path of influence based on the theory of planned behavior (TPB); and (3) when investigating
the impact of intermediate variables (behavioral attitudes, subjective norms, perceptual
behavior control) on the willingness for community participation through national park
policy pilots, using differentiated analysis of the path coefficients of three intermediate
variables, to a certain extent, clarifying the core influential conditions and deficiencies
regarding community residents’ willingness to participate and providing targeted solutions
for future community participation in the construction of national parks.

2. Materials and Methods

This work aimed to investigate the various impacts on the willingness of indigenous
communities to participate with regard to the Qilian Mountain National Park Pilot Area.
We first made assumptions regarding the corresponding research based on the research
framework. The data results were then screened using questionnaire surveys, the Delphi
method, and semi-structured interviews. Finally, we analyzed the preset results and drew
reasonable conclusions through the use of structural equation modeling (SEM).

2.1. The Construction of the Theoretical Model

The theory of planned behavior model was used to explain the subjective willingness
of the research participants. It contains three specific stages, including the perceptional
stage, attitude cognition, and behavioral intention. Existing research has analyzed residents’
perceptions of the relevant measures implemented in the management regions after using
the National Park System Pilot Area [27]. The stage of attitude cognition is mainly due to
the subjective judgment made by the research participants after being affected by external
influences [28]. Behavioral intention is primarily the subject of the dependent variables.
Existing research has focused mainly on investigating the willingness to ensure environ-
mental protection and tourism intention [24]. The following is the research framework
(based on the theory of planned behavior) used in this article (see Figure 1) 2.
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Figure 1. Extended model.

2.2. Theoretical Hypothesis

The perception element is the Qilian Mountain National Park System Pilot. As the
core component of the extended proposition, it will increase the popularity of the Qilian
Mountain community to a certain degree; meanwhile, the community will also become a
crucial supporting point regarding implementing the functionality of the national park.
Against the background of the implementation of the pilot policy, community residents’
intention to participate will be affected by their subjective awareness and the external
objective conditions [23]. Therefore, the hypotheses related to the relevant impact of the
Qilian Mountain National Park System Pilot Area are as follows:

• H1: the relevant impact system of the Qilian Mountain National Park System Pilot
Area has a positive and significant influence on the behavioral intentions to participate
of its community residents.

� H1-1: the relevant impact system of the Qilian Mountain National Park System
Pilot Area has a positive and significant influence on the behavioral attitudes
toward participation of its community residents.

� H1-2: the relevant impact system of the Qilian Mountain National Park System
Pilot Area has a positive and significant influence on the subjective norms of
its community residents.

� H1-3: the relevant impact system of the Qilian Mountain National Park System
Pilot Area has a positive and significant influence on the perceived behaviors
of its community residents.

Attitudes and behaviors are related [23]; therefore, attitude is defined as a certain
cognitive tendency and is restricted by an individual’s perception and preference [24]. This
article is based on the relevance of the Qilian National Park System Pilot Area and the
related impact system on community residents. When community residents recognize that
they benefit from the National Park System Pilot Area, their behavioral attitudes will be
more positive, which has a positive impact regarding the willingness of the community to
participate, and vice versa. Thus, the relevant hypothesis on behavioral attitude includes

• H2: the behavioral attitude of the participation of community residents in the Qilian
Mountain National Park System Pilot Area has a positive and significant influence on
the community’s intention of participation.

Subjective norms can be defined as the external impetus given by others when an
individual completes or performs a particular task or behavior. This impetus can be a posi-
tive expectation or negative pressure. In addition, subjective norms reflect an individual’s
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desire to receive relevant support and approval from the public when performing a certain
behavior [27,28]. Therefore, the relevant hypothesis regarding the subjective norms is:

• H3: the subjective norms of community residents in the Qilian Mountain National
Park System Pilot Area have a positive and significant influence on the behavioral
intentions of the community’s participation.

Based on the idea of perceptual behavior control, individuals are restricted by both
external and internal factors during the process of conducting some kind of behavior.
In most situations, individuals’ judgment about something is often restricted by their
intellectual level, recognition, and external factors, rather than being based on a sense
of objectivity and rationality. Therefore, the hypothesis related to perceptual behavior
control is:

• H4: the perceptual behavior control of community residents in the Qilian Moun-
tain National Park System Pilot Area has a positive and significant influence on the
behavioral intentions of the community’s participation.

2.3. Research Methods

Based on the existing hypothesis and present theoretical model, we collected relevant
data using a questionnaire survey and analyzed the obtained data comprehensively and
linearly using the structural equation model (SEM). Reasonable amendments were then
made to the relevant hypothesis, finally obtaining a convincing model for the National
Park System Pilot Area.

The study contains two sections. The first section details the survey design and is
divided into three stages: proposition of the hypothesis, expert consultation, and prior
observation. As the core part among the three stages in the survey design, the propo-
sition of the hypothesis divided the present hypothesis into three categories. The first
category is related to participants’ cognition. We utilized existing research to establish a
hypothesis regarding the impact of major events on the perception of community residents.
The second category concerns participants’ attitudes. We referred to the propositional
research conducted by Yuangang Zhang [24] and Wenbin Zhang [22] to design the research
hypothesis on three dimensions, including the subjective norms, the behavioral attitudes,
and the perceptual behavior control of community residents. The third category involves
investigating participants’ behavioral intentions. We proposed the hypothesis based on
relevant studies conducted by Qunming Zheng [29] and collected data using the Likert
scale (1 = strongly agree, 2 = agree, 3 = slightly agree, 4 = disagree, 5 = strongly disagree).

The second section includes data analysis. Specifically, the authors conducted a
component matrix rotation and tested the reliability and validity of the obtained data.
After delimiting the component intervals, the structural equation model (SEM) was used to
perform further tests. Because the dependent variable in this study is unobservable, and
the independent variable affects multiple intermediate variables simultaneously, compared
to other testing models, the structural equation model (SEM) testing method is linear and
can predict the relationships of multiple interrelated variables simultaneously. In addition,
it allows researchers to cope with unobservable variables in parts of models, and it helps to
explain the measurement errors in the overall estimation process. The authors later referred
to the study conducted by Hair et al. (1998) [30] and found that it is more reasonable to
require the ratio of items to the sample number of the model to be 1/10 to 1/15 [31].

3. Data Collection and Analysis

Based on the previously detailed hypotheses and model construction, this study
collected data from two gateway communities of Qilian National Park. Descriptive analysis
of related variables and normal distribution tests was used to analyze the collected data.

3.1. Description of the Research Area

The research areas in this study includes Sunan county and Tianzhu county in Qilian
Mountain National Park (see Figure 2). Both counties are important gateway communities
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of the Qilian Mountain National Park. Specifically, Sunan county is located in the middle
of the Hexi Corridor and the north of the Qilian Mountain, with a total area of 23,800 km2

(2014). With a relatively large proportion of indigenous people in the community, Sunan
county has a total population of 37,579. In addition, the Sunan Yugu nationality is a unique
ethnic minority group in Gansu Province. Tianzhu county is located at the eastern end of
the Hexi Corridor, specifically on the northeastern edge of the Qinghai-Tibet Plateau. It is
known as the “gateway” to the Hexi Corridor and borders Sunan in the northwest. Before
implementing the National Park System Pilot Area, these two counties’ development and
industrial structures were mainly resource-oriented, including tourism, animal husbandry,
and plantations. In addition, the production methods of these two counties were relatively
backward, and the multi-ethnic settlements were the main form of distribution. The
implementation of the National Park System Pilot Area has had a major impact on these
two areas; thus, they are appropriate for the research.

Figure 2. The location of Qilian Mountain National Park, Tianzhu county and Sunan county: (a) the
location of Qilian Mountain National Park in China; (b) the location of Tianzhu county and Sunan
County in Qilian Mountain National Park.

3.2. Demographic Sample Analysis

The distribution of the questionnaires comprised two methods: field distribution
and online collection. The research team went to Sunan county and Tianzhu county to
distribute questionnaires on site from 12 to 15 April 2020 and 1 to 3 June 2020. The online
questionnaire was conducted in the form of a mobile phone app.

The survey took the family as the basic unit and selected one person from each
household as the survey sample. After informing the respondents of their relevant survey
obligations and obtaining permission, a one-to-one household survey was conducted.
The sample selection mainly relied on the theoretical sampling method [32]. The specific
number of people was determined according to the community population and industry
data. The community committee recommended the industry representative family. To
ensure the uniform spatial distribution of the samples and to include all representative
industries, we classified the survey based on investigating the distance between household
samples of different representative industries and the core areas of the national park, as
well as the distance between the residence of different samples and the core area of the
national park.

A total of 160 questionnaires were collected during the first distribution. After exclud-
ing invalid questionnaires, the actual valid samples totaled 147, with a 91.9% return rate. In
addition, a second round of questionnaire distribution was carried out through an online
collection method. Researchers distributed 90 questionnaires, and 83 valid samples were
collected. The return rate was 92.2%.
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Most respondents were between 26 and 45 years old, accounting for 47.8%; the edu-
cational background of respondents was mostly secondary school and below, accounting
for 80.5%; and the monthly income of the majority of respondents was below 6000 RMB,
accounting for 79.5%. In addition, most residents of the community were born locally,
accounting for 64.3% of respondents. Moreover, the research areas of this study include mi-
nority autonomous regions, with agriculture and animal husbandry as the pillar industries,
accounting for 40% of all sources of income (see Table 1).

Table 1. Demographic sample.

Survey Item Type
Frequency

(Sample = 230)
Percentage

(%)

Gender
Male 120 52.2

Female 110 47.8

Age

Under 16 4 1.7
16–25 57 24.8
26–45 110 47.8
45–65 47 20.4

Over 65 12 5.3

Education

Primary school 16 7
Junior school 66 28.7
High school 92 40

College 30 13
Undergraduate 13 5.7
Postgraduate 2 0.8

Other 11 4.8

Average Salary per
Month

Less than 1000 (RMB) 7 3
1001–3000 (RMB) 60 26.1
3001–6000 (RMB) 116 50.4
6001–9000 (RMB) 41 17.8
Over 9001 (RMB) 6 2.7

Attribute of Residents
Native Settlers 148 64.3

Migrants (Non-Native
Settlers) 82 35.7

Source of Income
Tourism 70 30.4

Animal Husbandry and
Plantation 95 41.3

Other 65 28.3

Distance from the Core
Region

Less than 5 km 37 16.1
5–10 km 55 23.9

10–15 km 86 37.4
15–20 km 52 22.6

3.3. Descriptive Analysis

Integrating the effective questionnaires (see Tables 2 and 3), we used SPSS 23.0 to
perform a descriptive analysis of the distribution patterns of the mean, standard deviation,
variance, skewness, and kurtosis of the survey sample items. The questionnaire in this
study contained 19 items. We divided the 19 items into five potential variables according to
the dimensions, including related impact system, behavior attitude, subjective norms, per-
ceptual behavior control, and behavior intention. The items were investigated in the form
of a Likert-5 scale, where the numbers 1, 2, 3, 4, and 5, respectively, represented strongly
agree, agree, slightly agree, disagree, and strongly disagree. Regarding the results, the
standard deviation of each item was greater than 0.60; the Likert-5 scale thus corresponded
with the research expectations. The skewness value was between −0.974 and −0.298, the
kurtosis value was between −0.531 and −0.091, the absolute value of the skewness was
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less than 3, the absolute value of the kurtosis was less than 10, and the sample data were
normally distributed.

Table 2. Research aspects and measurement items.

Research Measurement Hypothesis References

Related Impact System Scale
of Qilian Mountain National

Park System Pilot Area
Stage of Cognition

RIS1: I have a basic understanding of the related
information of the Qilian Mountain National Park
System Pilot Area and the communities’ functions
regarding the construction of the pilot area.
RIS2: I understand the policy mechanism implemented
in the Qilian Mountain National Park System Pilot Area.
RIS3: The government actively promoted relevant
knowledge to community residents in constructing the
Qilian Mountain National Park System Pilot Area.
RIS4: The government provided policy guidance and
technical support in constructing the Qilian Mountain
National Park System Pilot Area.

Zhang et al. (2017) [22]
Zhou et al. (2017) [27]

Behavioral Attitude Scale of
Qilian Mountain National

Park Residents’ Participation
Attitude Cognition

BA1: The construction of the Qilian Mountain National
Park is inseparable from the participation of the
community, which is the core element of the
development of the national park.
BA2: The Qilian Mountain National Park implements a
community co-management mechanism, which is also
the future trend regarding the development of national
park communities.
BA3: The Qilian Mountain National Park System Pilot
Area can generate revenue based on eco-tourism and I
can profit from it.
BA4: The Qilian Mountain National Park System Pilot
Area can increase awareness of my community and
increase individuals’ sense of pride.

Han et al. (2010) [23]
Zhang et al. (2017) [24]

Subjective Norms Scale of
Qilian Mountain National

Park Residents

Attitude Cognition

SN1: The Qilian Mountain National Park Administration
believes that community residents’ awareness of
participation in the construction of national parks should
be raised at this stage.
SN2: Schools and relevant education departments
believe that community residents’ awareness of
participation in the construction of national parks should
be raised at this stage.
SN3: My friends and family members believe that
community residents’ awareness of participation in the
construction of national parks should be raised at
this stage

Zhou et al. (2014) [28]

Perceptual Behavior Control
Scale of Qilian Mountain
National Park Residents

PBC1: I have a basic understanding of the process of the
community participation and related policies for the
Qilian Mountain National Park System Pilot Area.
PBC2: I can take on relevant responsibilities as a
community resident after implementation of the Qilian
Mountain National Park System Pilot Area.
PBC3: I have an optimistic attitude towards the
intentions of community residents’ participation after
implementation of the Qilian Mountain National Park
System Pilot Area.
PBC4: I have a supportive attitude towards community
residents’ active participation in constructing the Qilian
Mountain National Park System Pilot Area.

Wang et al. (2020) [31]

Behavioral Intention Scale of
Qilian Mountain National

Park Residents’ Participation

Behavioral
Intention

BI1: As a community resident, I am willing to actively
participate in constructing the Qilian Mountain
National Park.
BI2: I will actively cooperate with the National Park
Administration to fulfill various requirements for
community construction.
BI3: I will encourage people around me to participate in
the project actively and ask them to learn
relevant information.
BI4: I will actively participate in the volunteer activities
needed in the construction of the national park.

Zheng et al. (2014) [29]
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Table 3. Normal distribution data test.

Abbreviations of
Measurement

Hypothesis

Mean
Standard
Deviation

Variance Skewness Kurtosis

Statistics Statistics Statistics Statistics
Standard

Error
Statistics

Standard
Error

RIS1 3.6478 1.14166 1.303 −0.644 0.16 −0.13 0.32
RIS2 3.5565 1.12682 1.303 −0.595 0.16 −0.2 0.32
RIS3 3.4652 1.19902 1.438 −0.638 0.16 −0.261 0.32
RIS4 3.8565 1.18996 1.416 −0.974 0.16 0.133 0.32
BA1 3.513 1.21033 1.465 −0.56 0.16 −0.531 0.32
BA2 3.2217 1.12473 1.265 −0.298 0.16 −0.451 0.32
BA3 3.4348 1.16821 1.365 −0.571 0.16 −0.227 0.32
BA4 3.5 1.16255 1.352 −0.538 0.16 −0.28 0.32
SN1 3.7087 1.20675 1.456 −0.717 0.16 −0.316 0.32
SN2 3.6348 1.15468 1.333 −0.625 0.16 −0.294 0.32
SN3 3.613 1.20146 1.443 −0.696 0.16 −0.177 0.32

PBC1 3.5783 1.1599 1.345 −0.7 0.16 −0.091 0.32
PBC2 3.5304 1.15082 1.324 −0.621 0.16 −0.203 0.32
PBC3 3.8957 1.0645 1.133 −0.929 0.16 0.377 0.32
PBC4 3.6565 1.14812 1.318 −0.642 0.16 −0.344 0.32
BI1 2.4652 1.29699 1.682 0.647 0.16 −0.663 0.32
BI2 2.5565 1.3262 1.682 0.37 0.16 −1.076 0.32
BI3 2.2696 1.25953 1.586 0.868 0.16 −0.304 0.32
BI4 3.2826 1.4059 1.977 −0.38 0.16 −1.089 0.32

4. Results

After analyzing the variables using descriptive analysis, we utilized Cronbach’s alpha
to test the reliability and validity of the measurement indicators of the questionnaire. In
addition, the maximum likelihood estimation was used to analyze the structural model
after the reliability and validity met the basic research requirements.

4.1. Reliability Analysis

We performed the reliability analysis using SPSS 23.0 to test 19 observable variables in
230 returned questionnaires. In most situations, the ideal Cronbach’s alpha coefficient of a
scale should be above 0.6. This study’s overall Cronbach’s alpha coefficient was above 0.8,
which means that the obtained survey results had good internal consistency (see Table 4).

Table 4. Reliability analysis.

Item Cronbach’s Alpha
Standardized

Cronbach’s Alpha
Number of Items

Overall Scale 0.846 0.858 19
Related Impact System

Scale 0.871 0.871 4

Behavioral Attitude Scale 0.886 0.886 4
Perceptual Behavior

Control Scale 0.855 0.856 3

Subjective Norms Scale 0.817 0.819 4
Behavioral Intention Scale 0.879 0.883 4

Reliability analysis is a standard method to test the validity of a survey. It measures
how the sample data reflects the final research contents and goals. Therefore, the higher the
value of reliability, the more the survey data reflects the authentic results of the research. In
general, there are two types of reliability analysis: content validity and structure validity.
Because the content of the items involved in this study was reviewed and analyzed by
experts in the relevant field, we did not focus on the content validity in this article.
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We conducted correlation tests on the Kaiser-Meyer-Olkin (KMO) value and Bartlett
sphericity. The results (see Table 5) indicated that the KMO value was greater than 0.8; and
the sphericity test value was 2519. The degree of freedom (Sig) was less than 0.001 (generally,
it is reasonable to conduct factor analysis when the value of KMO is greater than 0.8 and
the Sig value is less than 0.001), so it was suitable for subsequent factor analysis. In terms
of structure validity, we extracted and analyzed the factors through principal component
analysis. According to the existing model, we extracted and rotated five common factors
using the Kaiser maximum variance method. The results in Table 6 show A1 is highly
correlated with RIS1–4, A2 is highly correlated with BA1–4, A3 is highly correlated with
BI1–4, A4 is correlated with SN1–3, and A5 is highly correlated with PBC1–5. Combined
with the results displayed in Table 7, it was found that the cumulative contribution rate of
the total variance of the load factor was 71.303%, which is greater than 60% (it is generally
considered that the survey has good structural validity when the cumulative contribution
rate of the total variance of the load factor is greater than 0.6), so the questionnaire used in
this study had good validity.

Table 5. KMO value and Bartlett sphericity test.

Scale Type
KMO Sampling

Suitability Quantity

Bartlett Sphericity Test

Approximate Chi
Square

Degree of Freedom Significance

Overall scale 0.93 2519.525 171 0.0000
Related Impact System Scale 0.831 442.137 6 0.0000

Behavioral Attitude Scale 0.824 509.384 6 0.0000
Conceptual Behavior Scale 0.822 597.195 6 0.0000

Subjective Norms Scale 0.85 638.718 6 0.0000
Behavioral Intention Scale 0.825 916.342 6 0.0000

Table 6. Composition matrix after rotation.

Items
Composition

A1 A2 A3 A4 A5

RIS2 0.769
RIS4 0.755
RIS3 0.722
RIS1 0.716
BA1 0.798
BA2 0.773
BA3 0.734
BA4 0.642
BI1 −0.874
BI2 −0.855
BI3 −0.732
BI4 0.569
SN3 0.764
SN2 0.749
SN1 0.745

PBC3 0.679
PBC4 0.611
PBC2 0.6
PBC1 0.579
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Table 7. Variance contribution rate of load factor.

Composition

Initial Eigenvalue Sum of Squares of Rotating Load

Total
Percentage of

Variance
Cumulation

(%)
Total

Percentage of
Variance

Cumulation
(%)

A1 8.603 45.276 45.276 3.092 16.276 16.276
A2 1.947 10.249 55.525 2.965 15.605 31.88
A3 1.207 6.353 61.878 2.856 15.031 46.911
A4 0.921 4.849 66.726 2.444 12.863 59.774
A5 0.869 4.576 71.303 2.19 11.528 71.303

4.2. Structural Equation Model Analysis

Based on the pre-mentioned research method, this researchers in this study used the
structural equation model (SEM) to perform a linear analysis on the established extended
model of the Theory of Planned Behavior (see Figure 1) to verify whether the positive
relationships between variables is reasonable.

4.2.1. Parameter Fitting Analysis

It is necessary to conduct a parameter fitting analysis when utilizing the structural
equation model to do research. The leading indicators contain the chi-square value (CMIN)
and the degree of freedom value (DF); a ratio of these values between 1 and 3 indicates
the model has a good degree of fitting. In addition, if the value of the root mean square
error of approximate (RMSEA) ranges from 0.05 to 0.08, this indicates that the result is
reasonable; a value less than 0.05 means that the degree of fitting is better. For IFI, NFI,
AGFI, CFI, and RFI (incremental fit index, normed fit index, adjusted goodness of fit index,
comparative fit index, and relative fix index, respectively), the range is usually between 0
and 1. Specifically, the closer the index is to 1, the better the fit. If the index is greater than
0.9, it indicates a good degree of fit (see Table 8).

Table 8. Model fitting index.

CMIN/DF RSMEA IFI NFI GFI AGFI CFI RFI

1.697 0.055 0.959 0.959 0.899 0.968 0.958 0.938
pass good pass pass acceptable pass pass pass

4.2.2. Hypothetical Test

Commonly, the hypothesized model is tested after the fitting analysis. Generally,
the relationship between the absolute value of the standardized path coefficient and the
variable is positively correlated. The positive and negative values represent the relevant
influence directions. At the same time, the critical ratio (CR) must be satisfied when the
absolute value is larger than 1.96 and the p-value is less than 0.05. When these conditions
are met, the hypothesis is supported.

In this study, we analyzed the related variables of the hypothesized structural equation
model based on the maximum likelihood method. The standardized path coefficients of the
analyzed variables had a high significance level, and they met the relevant requirements of
the CR and p-value. After verification, it was found that the hypotheses were all true (see
Table 9). The specific analysis is as follows (see Figure 3).
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Table 9. Model hypothesis test.

Path Estimate SE CR p Result

BA<—RIS 0.706 0.077 9.199 *** Support
SN<—RIS 0.862 0.081 10.694 *** Support

PBC<—RIS 0.674 0.078 8.629 *** Support
BI<—RIS 0.413 0.292 4.714 *** Support
BI<—BA 0.676 0.136 4.738 *** Support
BI<—SN 0.38 0.149 3.257 0.037 Support

BI<—PBC 0.892 0.332 2.388 0.017 Support
Note: *** represents strong statistical significance and the value is 0.001.

Figure 3. Structural equation model.

The critical ratio (CR) of the relevant influence system (RIS) on community residents’
behavioral intention (BI), behavioral attitude (BA), subjective norms (SN), and perceptual
behavior control (PBC) are 9.199, 10.694, 8.629, 4.714, respectively. These numbers are far
greater than 1.96, and the p-values are all 0. Therefore, it can be seen that the relevant policies
for the National Park System Pilot Area have tremendous potential, which influences
community residents’ affective commitment and community participation. From large to
small, the order of these influences was subjective norms (SN), behavioral attitude (BA),
perceptual behavior control (PBC), and behavioral intention (BI). Therefore, the results
indicate that the National Park System Pilot Area has a significant direct impact on the
behavior and ideology of the community residents and an indirect impact on community
residents’ behavioral intentions.

The critical value (CR) and the p-value of the behavioral attitude (BA) of the community
residents to the behavioral intention (BI) of the community residents are 4.738 and 0,
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respectively. Compared with other latent variables, the behavioral attitude has a more
significant positive influence on the behavioral intention. Therefore, it can be inferred
that the subjective attitude of community residents is the core element that determines the
willingness to participate.

The critical value (CR) and the p-value of the impact of community residents’ sub-
jective norms (SN) on community residents’ participation intentions are 3.257 and 0.037,
respectively, which correspond with the limit of the correlation coefficient of the positive
path influence. The value of the standardized path coefficient is smaller among all of the
latent variables, which indicates that the subjective norms of the community residents
have limited influence on the participation of community residents. Therefore, it was
found that relatives, friends, and community residents’ subjective perceptions have no
significant influence on an individuals’ enthusiasm for participating in constructing the
Qilian Mountain National Park.

The critical value (CR) and the p-value of the impact of community residents’ per-
ceptual behavior control (PBC) on community residents’ participation intentions are 2.388
and 0.017, respectively, which supports positive effects. In addition, the standardized path
coefficient is 0.89, which is the largest value among all the latent variables. Hence, as the
latent variable preset by the model, perceptual behavior control plays a critical role in
investigating community residents’ participation in constructing national parks. On the
other hand, the result reflects the personal will and related abilities of community residents
to determine their willingness to participate in the construction of the Qilian Mountain
National Park to the largest extent.

5. Discussion

The Qilian Mountain National Park System Pilot Area has a significant and positive
impact on community residents’ participation. It indirectly affects residents’ participa-
tion intentions through intermediary variables, including behavioral attitude, subjective
norms, and perceptual behavior control. The results show that the National Park System
Pilot Area has a relatively low impact on the willingness of the community to partici-
pate: the related impact system (path coefficient = 0.41) < participation behavior attitude
(path coefficient = 0.68) < perceptual behavior control (path coefficient = 0.89). Among the
variables, “related impact path–community residents’ participation” is a one-way direct ef-
fect. The influence effects of “related impact path–participation behavior attitude”, “related
impact path–subjective norms”, and “related impact path–perceptual behavior control” are
0.71, 0.86, and 0.67, respectively.

The results indicate that perceptual behavior control is the dominant factor that affects
the participation willingness of community residents in the Qilian Mountain National Park.
Specifically, the order of influence is perceptual behavior control (path coefficient = 0.89)
> participation behavior attitude (path coefficient = 0.68) > related impact system (path
coefficient = 0.41) > subjective norms (path coefficient = 0.38).

The subject norm (path coefficient = 0.38) has the least significant impact on residents’
awareness of participation. This indicates that residents in indigenous communities have a
constant understanding of the significance of the existence of the Qilian Mountain National
Park Pilot Area. Even the relatives and colleagues of these community residents have
different perspectives on the issue regarding the community’s participation, and most
residents will not be affected.

6. Conclusions and Implications

Taking the Tianzhu and Sunan counties in the Qilian Mountain National Park area in
Gansu province as examples, this research was conducted to investigate the impact of the
Qilian Mountain National Park System Pilot Area on community residents’ willingness
to participate. After a comprehensive analysis, we drew the following conclusions and
policy implications.
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6.1. Conclusions

This section discusses this article’s research conclusions and the related research con-
clusions drawn by previous scholars. This study analyzed the impact of major events
related to the National Park System Pilot Area on the psychological perception of commu-
nity residents and compared the related model to obtain the similarities and differences to
related research.

With regard to the impact of significant events on community residents’ perceptual
intentions, this study’s findings are similar to those of Zheng et al. (2014). Specifically,
the National Park System Pilot Area serves as a “catalyst,” indirectly deepening residents’
local emotional identification and promoting individuals’ willingness to build a new
social network. However, different to previous studies, this research mainly focused
on the impact of the three intermediate variables (behavioral attitude, subjective norms,
and perceptual behavior control) on the participation intention related to the National
Park System Pilot Area. That is, taking the National Park System Pilot Area as the only
independent variable, and the participation intention as the only dependent variable, we
investigated the community residents’ perceptions and willingness to participate in major
reforms (e.g., the implementation of the National Park System Pilot Area).

Most scholars have focused on environmental protection and other relevant issues
for studies related to the National Park System Pilot Areas and community issues. The
focus of this article is the impact on the willingness of community residents to participate.
We set the National Park System Pilot Area as the only influencing factor in the preset
model. They analyzed the specific relationships among each variable by influencing the
intermediate variables. Based on the results, we found that the National Park System Pilot
Area has a certain positive impact on community residents’ willingness to participate. The
findings of this article are consistent with the research conclusions drawn by Zhou et al.
(2017) that related to the perceived impact of community participation. In addition, we
utilized the theory of planned behavior (TPB) model to subdivide the subjective perceptual
factors that affect community participation and clarify the results of different responses of
the relevant factors (behavioral attitude, subjective norms, perceptual behavior control) to
the dependent variable (the willingness of community residents to participate) when these
factors are affected by the independent variable (the National Park System Pilot Area).

6.2. Implications

Based on the background that China’s national parks are still in an exploratory stage,
in order to increase the participation of community residents following the implementation
of the Qilian Mountain National Park System Pilot Area, the following implications should
be taken into account.

1. The National Park System Pilot Area positively increased the community residents’
willingness to participate. Therefore, regarding future development, it is necessary to
strengthen government guidance and popularize scientific research and instructions
related to the theme of the Qilian Mountain National Park. In addition, it is critical to
ensure that during the exploration period, the pilot policy can reach a critical consen-
sus with the community in the construction of national parks and promote residents’
participation intentions in relevant communities through positive relationships.

2. The National Park System Pilot Area, behavioral attitude, subjective norms, and
perceptual behavior control all positively affected community residents’ willingness to
participate. Therefore, the government may need to consider setting up standardized
and professional departments to reward and commend community participants who
actively participate in constructing national parks and who demonstrate certain
achievements. This method would enhance residents’ sense of honor and improve the
quality of community life. By “reshaping” the cultural landscape of Qilian Mountain
National Park, the community will become the major component of the cultural
landscape. The Qilian Mountain National Park cultural value system will be formed
based on the principle of attitude priority. In addition, it is necessary to classify the
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study areas during the next phase of managing the national park communities and
subdivide the relevant suggestions from different communities’ feedback regarding
the residents’ perceptions of participation.

3. The impact of the construction of the National Park Pilot Area on community residents
discussed in this study has a strong correlation with Wallner’s three major perceptions
of protected areas that affect residents (the economic situation, the history of natural
protection, and the power balance between the involved stakeholders) [33]. The
authors of this study believe that economic factors and the balance of interests of
all parties are essential indicators for coordinating community participation. In
addition, we also note that the majority of respondents were not highly educated
and had limited abilities to obtain relevant information regarding the development
of the national park community. Insufficient publicity of the national park concept
and passive acceptance of the policy are the reasons why many respondents have
a neutral or negative attitude [34,35]. Therefore, increasing the level of community
participation in national parks requires not only active publicity, but also requires
relevant organizations to establish effective communication mechanisms and social
networks so that residents can actively interact with the National Park Management
Committee on issues encountered in the construction of national parks, thereby
increasing participation in constructing the national park community.

This study introduces the relevant variables of the Qilian Mountain National Park
System Pilot Area into the theory of planned behavior (TPB) model. Based on field surveys
and expert interviews, we hypothesized that these variables significantly impact the com-
munities’ willingness to participate, and the empirical results supported this hypothesis. At
the same time, based on previous research, this study was conducted in economically un-
derdeveloped areas dominated by ethnic minority groups in the national park communities
and investigated the impacts of residents’ willingness to participate.
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Notes

1 The model is extended based on the TPB theoretical model. The extension item is the relevant influence system of the Qilian
Mountain National Park Pilot Area. This extension item has a particular impact on cognitive atti-tude and behavioral intention.

2 The structural equation model is a verification of the model assumptions in Figure 1. The connecting arrows represent the
establishment of the influence, and the values under the arrows represent the degree of influence. Therefore, the expected
assumptions in Figure 1 are all established.
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Abstract: As a form of protection, a nature park is often created to protect and valorise natural
and cultural heritage in peripheral rural areas. However, in terms of multifunctionality, new na-
ture parks incorporate traditional productive activities, such as recreational and tourist activities,
which sometimes compromise sustainability. The research objective is to study the relationship
between tourism and sustainability in the nature parks of Sierra de Aracena y Picos de Aroche,
Sierra Norte de Sevilla and Sierra de Hornachuelos that make up the Dehesas de Sierra Morena
Biosphere Reserve in Andalusia, Spain. Therefore, selective interviews have been carried out with
the stakeholders to establish their perception of sustainable tourism and the presence of dominant
discourses. The main conclusions indicate: (1) the presence of different dominant discourses on
sustainability, namely the conservationist and mercantilist ones, with the prevalence of the economic
dimension; (2) poor awareness and adaptation to the context of global change; and (3) the presence of
competitive relationships that generate difficulties for the governance of sustainable tourism.

Keywords: protected areas; stakeholders; sustainable tourism; Sierra Morena

1. Introduction

Since the mid-20th century, there has been a progressive disempowerment of ru-
ral communities, which downgraded them to the periphery [1,2], marginalised them
“to the dominant development processes” [2] (p. 2) and exposed them to external decision-
making and the continuous loss of competitiveness and employment [3,4]. As a result,
these processes conditioned sustainability and generated a complex institutional context of
development in these areas. Agriculture lost its monopoly in rural areas [5], and the multi-
functionality of uses and diversification became an opportunity to adapt to the changing
reality [3,6]. As a part of adaptive strategies [6], a novel [7] non-productive socioeconomic
activities were incorporated. These activities included leisure and recreation (tourism,
restoration), conservation and maintenance of biodiversity and valorisation of natural and
cultural heritage, residential development and traditional productive activities, which were
reinterpreted [3,8].

In this context, the public administration understands the need to protect, conserve and
safeguard natural and cultural resources, to establish Protected Nature Areas (herein PNA)
to conserve biodiversity and ecosystems [9], to provide ecosystem services [10] and search
for solutions to climate change [11]. Rural spaces, previously agricultural, turned into
so-called “preserved spaces” [12], where environmental attractiveness and ease of access
generate advantages, yet with certain limitations of use since local decision-making is
subject to conservation criteria [2]. Nonetheless, such a nature conservation process is
not exempt from contradictions [13] when attempting to turn into a natural environment
socioecological system. It generates different perceptions, conflicting opinions, rejection
and management problems resulting from the relationship between the social system and
its environment [14] and the discourse between conservation and productivism. Therefore,
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it is necessary to integrate the local population into the establishment, decision-making
and management processes of PNAs [15]. By integrating the PNA into the social and
territorial environment through management instruments, these areas would evolve from
the so-called “museum” to conservation broadly and compatibility with the rational use of
resources [16,17].

Different categories of PNAs are created, which often overlap in the same territory,
ranging from total protection (naturalisation) to flexible protection structures, in which
the protection of natural and cultural heritage coexists with socioeconomic development
and socioecological systems [10,15]. This is the case of nature parks (herein NtP) in Spain
that are integrated into more conservationist models [16]. NtPs play an essential role in
leisure activities [18] and tourist and recreational activities [19,20], positioning themselves
in the tourist market until these PNAs form a pillar of the Community Agricultural Policy
and the LEADER initiative [19,21]. In this way, the PNA appears as one of the large-scale
tourism typologies of peripheral rural spaces [4]. Although environmental tourism is the
classic motivation in PNAs, in this case, it is not only ecotourism or nature tourism but
somewhat rural tourism, where nature-based products and services are added [18,21,22].
In the context of post-Fordism or “a la carte” tourism [23], rural tourism incorporates
an advanced segmentation, the search for experiences and sensitivity to environmental
issues as a response to changing demand [18,21,22,24]. However, it often goes from pro-
moting the place to selling it [25], and tourism simultaneously produces and hides the
contradictions of capitalism based “on creating attractions, or new sources of an accumu-
lation from the very crises it produces” [26] (p. 529). Thus, three processes converge in
the territory, namely: (1) patrimonialization through the protection and conservation of
natural and cultural heritage, (2) enhancement of tourist value through the creation of new
spaces [1] and (3) commodification of nature [26]. These coexisting processes generate
discourses between conservation and exploitation [2,27], authenticity and trivialisation [28],
abandonment of traditional activities and implementation of new ones, changes in use and
simplification [29] or public service and private use [26]. Thus, in the context of increas-
ing recreational and tourist frequentation [18,21], sustainability and sustainable tourism
in rural areas and PNAs are perceived as a challenge given the complex and conflicting
relationships [30] and exposure to risks due to their inherent fragility [31].

Since the 1980s, there has been a growing interest in applying sustainability to
tourism [32–34]. According to the UNWTO, sustainable tourism is tourism “that takes full
account of its current and future economic, social and environmental impacts, addressing
the needs of visitors, the industry, the environment and host communities” [35] (p. 12).
However, as Saarinen [34] and some other authors [36–38] in the scientific literature point
out, this vision introduces the necessity of the industry, despite the need to establish
limits to growth. On the other hand, it is difficult to apply the concept of sustainability
imprecisely [39], which results in continuous failure [40]. It led to consider sustainable
development and sustainable tourism diversely, flexibly [41] and indistinctly [40], leav-
ing sustainability as “a ‘wicked’ or meta-policy problem that has led to new institutional
arrangements and policy settings at international, national and local scales” [42] (p. 5).
Ultimately, the rational use of resources that sustainability entails depends on values
and ideologies [42] and, therefore, must be understood within the context of political–
economic discourse aiming for sufficient and efficient tourism [43]. Consequently, despite
contradictory, divergent or tangent discourses [44], sustainable tourism as a dominant
paradigm in tourism development is identified [32,34,45]. Nevertheless, it fails to orient
itself towards genuine sustainability of planning, management and policies, democratic
empowerment, environmental conservation and social justice [45], or behavioural change
towards sustainability [46], generating a hybridisation between neoliberalism and sustain-
able development [45].

Currently, a dominant discourse of sustainability and sustainable tourism appears
to be somewhat rhetorical and more of a fashion to address the public [47], since sustain-
able tourism is considered an end. Another prevailing discussion considers sustainability
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as the need for neoliberal growth defined by the markets [48], based on introducing
new definitions instead of solving issues. On the other hand, sustainable tourism devel-
opment tends to focus on the product [40], and tourists who buy sustainable tourism
products are still fewer [49]. The ideal green tourist does not consume less. Instead, they
do so responsibly [50], which results in businesses focusing on responsibility rather than
sustainability [51], since responsible tourists pay for it. This situation often masks the
unsustainable activities of companies [34]. In other words, responsibility arises from tourist
segmentation or the emotional relationship with nature (perception) [41]. Consequently,
there is room for a critical analysis of the relationship between sustainable tourism and sus-
tainable development [52], which does not emphasise establishing the limits of growth [43]
and avoiding its impacts [34], understanding that “more does not mean better, and growth
does not mean development” [37] (p. 131).

Nonetheless, the interpretation and application of the sustainability concept differ
according to the type of destination [41], the natural environment, the characteristics of the
community, the institutional framework and the management policies [53] that are neces-
sary to be adapted to the context [54]. Thus, in PNA, including rural areas, sustainability
and sustainable tourism are given significant importance, and a challenge of sustainability
is perceived as the sine qua non-condition. Thus, tourism sustainability is, at the same time,
a planning criterion for future development [38] and a primary instrument to increase the
quality of life of the local population, maintain natural values and attractions and improve
the quality of the tourist experience [55]. Tourism in rural areas or PNAs is often considered
to be sustainable in itself [56] because it attracts a small number of visitors, does not require
a wide range of “services, infrastructures and [types of] equipment” (herein SIEs) and
tourists tend to be interested in the host community, its landscape and environmental
attractions. Yet such a correlation lacks support in the scientific literature [27], and many
intended measures have not effectively contributed to sustainability [56]. Moreover, many
of such intents fell into perverse effects [37] by generating negative impacts, indicating
that conservation strategies are essential to sustainable development [16,57,58]. Therefore,
although sustainability is one, it is necessary to take into account the presence of its four
interdependent and interconnected dimensions [38,41,59] as follows:

• The environmental dimension relates to the optimal use of natural resources, compatible
with the maintenance of ecological processes and the conservation of biodiversity [38,60].
Understanding that tourism depends on conserving the resources that attract tourism
is critical [61].

• The economic dimension focuses on economic growth, efficiency and optimisation of
resources [38,60,62] for the satisfaction of material human needs and objectives [63],
job creation and long-term competitiveness [38], while preventing economic growth
from pressuring other sustainability dimensions [64]. Although there are increasing
constraints for tourism policy, planning and management to consider and incorporate
into sustainability issues [65], biases often occur towards the economic dimension [32].

• The sociocultural dimension emphasises respect for the material and immaterial
culture of the community [2,38,63] and social capital [38], which results in the strength-
ening of equity, social cohesion and improvement of the quality of life [38,62] and
contributes to intercultural understanding and tolerance [38]. The sociocultural dimen-
sion is valuable in addressing the problems of tourism development [58], fundamental
in rural tourism based on a close personal interaction between residents and visitors,
contributing to the revaluation of authenticity and identity [2,66].

• The political–institutional dimension concentrates on the political system and the
distribution of power [62,67], including the development of management systems,
governance and stakeholder participation [38,63,68], and a favourable context, de-
fined by the regulatory framework and institutional structures [34] without which
sustainable tourism cannot exist.

This multidimensional vision of sustainable tourism and the above-indicated dimen-
sions prevail in the literature. They are considered a tool to define sustainability issues,
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highlighting that the interconnectivity between the dimensions is widespread as a holistic
and long-term concept [41].

Therefore, this study aims to address the stakeholders’ perception of the sustainability
of tourism activities in a subregional area of Andalusia (Spain) forming three NtPs: NtP
“Sierra de Aracena y Picos de Aroche”, NtP “Sierra Norte de Sevilla” and NtP “Sierra de
Hornachuelos”, which together constitute the Dehesas de Sierra Morena Biosphere Reserve.
The research, thus, raises the following questions: (1) Are tourism activities sustainable?
(2) Which dimension of sustainability dominates? (3) What dominant discourses are
present among the actors, and how are they manifested? (4) How do relationships between
stakeholders influence sustainability management?

2. Materials and Methods

2.1. Data and Methods

This research applied the case study in the analysis and the prevailing discourse of the per-
ception of sustainable rural tourism, the perception of sustainability by stakeholders [17,41,47,59],
relationships between stakeholders and governance in rural spaces and PNAs [15,69–72].

This research attempts to analyse the awareness, understanding, commitment, atti-
tudes and practices of those involved in or influencing the sustainable tourism planning
process [4,73,74] through their opinions and perceptions [17,41,69,75] on three central
themes: (1) sustainability, including its dimensions, and tourism [38,41,59]; (2) the presence
of dominant discourses and the rhetoric of sustainability [44]; and (3) management prob-
lems derived from relationships between stakeholders [60,69,73]. For this purpose, semi-
structured interviews (herein Int) were carried out with ten open questions (see Table 1),
adapted from Renfors [41].

Table 1. Interview questions.

Code Question Topics

(q1) What function do the nature park and biosphere reserve have
in your destination (and others)? (2,3)

(q2) What is the value of the landscape in tourism? (1) (2) (3)

(q3) (a) How do you perceive sustainable tourism development in
your destination? (1)

(q4) (b) Does sustainability have a substantial effect on the tourism
development of your destination? Why? (1)

(q5) (a) What kind of conflicts related to sustainability is created
between stakeholders? (1) (2) (3)

(q6) (a,c) Could you give a practical example of sustainable tourism
development in your destination? What would you improve? (1) (3)

(q7) (c) What happens in the context of global change with
your destination? (1) (3)

(q8) Are there difficulties in managing the tourist space? (1) (2) (3)
(q9) (b) Does tourism contribute to local development? (1) (3)
(q10) What consequences has COVID-19 had on the destination? (1) (3)

(a) Questions based on Renfors [41]. (b) Questions adapted from Renfors [41]. (c) Control questions are aimed at
the total or partial understanding of what the interviewees are being asked and to establish whether the answers
respond to the awareness or dominant discourse. Authors’ elaboration.

A non-probabilistic sampling method was used by conducting 40 interviews between
April and July 2021 (Table 2). Some interviewees were directly identified: NtPs directors,
local action groups (herein LAGs) managers, municipal stakeholders—including mayors or
council members and municipal tourism technicians—and a private foundation, i.e., nature
conservation NGO. Tourism companies and business associations were selected according
to the type of services they provide, e.g., accommodation and tourist activities, and their
local or foreign character [76]. Some were chosen based on good practices described by
the interviewees, applying the snowball technique [41,77]. The territorial balance of the
interviews was sought (relevance within each NtP, centrality/periphery) (Table 2). Given
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the restrictions imposed by sanitary measures due to COVID-19, the interviews were
conducted via videoconference on Google Meet©. These restrictions prevented the conduct
of systematic interviews with the local population.

Table 2. Conducted interviews.

NtP Municipality 1 Interview Position/Type Genre Age Range
Si

er
ra

de
A

ra
ce

na
y

Pi
co

s
de

A
ro

ch
e

Aracena (Int01) NtP director M 50–59

Aracena (Int02) LAG manager F 50–59

Cañaveral de León (Int03) Mayor F 40–49
Cumbres Mayores (Int04) F 30–39
Almonaster la Real (Int05)

Councilor
F 30–39

Cortegana (Int06) F 40–49
Aracena (Int07) Municipal technician F 50–59
Aroche (Int08) F 40–49

Arroyomolinos de León (Int09)

Tourism company

M 40–49
Jabugo (Int10) M 50–59
Alájar (Int11) F 50–59

Cortegana (Int12) F 30–39
Los Marines (Int13) F 50–59

Aracena (Int14) Business associations F 50–59

Santa Olalla del Cala (Int15) Foundation manager M 20–29

Si
er

ra
N

or
te

de
Se

vi
lla

(Sevilla) (Int16) NtP director M 40–49

Cazalla de la Sierra (Int17) LAG manager M 30–39

Alanís (Int18) Mayor F 40–49
Cazalla de la Sierra (Int19) M 50–59

Real de la Jara (Int20)
Councilor

F 30–39
San Nicolás del Puerto (Int21) M 50–59

Las Navas de la Concepción (Int22) Municipal technician F 20–29

Cazalla de la Sierra (Int23)

Tourism company

M 50–59
Cazalla de la Sierra (Int24) M 40–49

Constantina (Int25) F 40–49
El Pedroso (Int26) M 20–29

San Nicolás del Puerto (Int27) F 30–39

Puebla de los Infantes (Int28) Business
associations M 50–59

Si
er

ra
de

H
or

na
ch

ue
lo

s

(Córdoba)(a) (Int29) NtP director M 50–59

(Obejo)(a) (Int30) LAG managers M 50–59
Posadas (Int31) M 50–59

Villaviciosa de Córdoba (Int32) Councilor M >60
Hornachuelos (Int33) Municipal technician M 40–49

Almodóvar del Río (Int34)

Tourism company

F 30–39
Hornachuelos (Int35) M 50–59
Hornachuelos (Int36) F 30–39
Hornachuelos (Int37) F 40–49

Posadas (Int38) F 30–39
Posadas (Int39) M 50–59

Hornachuelos (Int40) Business associations M 40–49
1 The seat does not coincide with the municipalities of the NtP.

The interviews were transcribed and coded, depending on whether it was verbalised
by the interviewees (emic) or identified by the researcher a posteriori (etic) [78], to determine
the underlying discourses [75].
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The interviews were complemented with territorial recognition, i.e., patrimonial
valuation, accessibility analysis and informal interviews with the local population on
tourism and sustainability between September and November 2021. The fieldwork and
informal discussions allow contrasting the opinions of the stakeholders interviewed with
direct observation and the local population’s views.

2.2. Case Study

Sierra Morena is a Mediterranean mid-mountain range that extends through the
southwest of the Iberian Peninsula. The ecological and landscape richness led to the
creation of six NtPs in the Andalusian Sierra Morena [79], composing the scope of the
study of the three westernmost NtPs (Figure 1). Namely, NtP “Sierra de Aracena y Picos
de Aroche” (herein SAPA), NtP “Sierra Norte de Sevilla” (herein SNS) and NtP “Sierra de
Hornachuelos” (herein SH). These three NtPs are also the Special Conservation Areas and
Special Protection Areas for Birds. They were declared as the UNESCO Dehesas de Sierra
Morena Biosphere Reserve (herein DSMBR), and SNS was declared as the UNESCO World
Geopark (herein UWGpSNS) [80].

Figure 1. Scope of the study. Source: [80,81]. Authors’ elaboration.

The specific characteristics of Sierra Morena gave rise to an agro-silvo-pastoral exploita-
tion system that is unique in the world known as “dehesa”, or “montado” in Portuguese
(Figure 2), which is a cleared Mediterranean forest where forestry, livestock and the hunting
vocation predominates, with an exploitation system dominated by large estates [82,83]. The
dehesa has generated an exceptional landscape with high heritage values [84], yet it is subject
to change processes of coverage and degradation due to abandonment or overexploitation [85].
Currently, the dehesa is facing the extreme effects of climate change and the seca (fungal
disease of Quercus ilex and Quercus suber, the main species of the dehesa) [11].
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Figure 2. Dehesa de San Francisco, Santa Olalla del Cala (SAPA). Dehesa of cork oaks where you can
see free-range Iberian pigs.

SAPA and SNS are large NtPs with population settlements in the interior, while SH
has an intermediate area and large properties predominate, lacking an internal network of
settlements [20]. In addition, most of the surface of these NtPs is a private property [20].

Since the 1960s, several general and specific factors have generated the crisis and
the massive rural exodus in Sierra Morena [86], which lost 52.55% of its population be-
tween 1960 and 2020 (Figure 1). Today it has an ageing population and low demographic
density (10.69 inhabitants/km2), with 18 municipalities with <10 inhabitants/km2 [81].
Only 4 municipalities have >5000 inhabitants (2020), whereas 18 municipalities have
<1000 inhabitants [81]. Traditional economic activities are linked to the dehesa [83], high-
lighting the Iberian pig farming in SAPA and SNS (Figure 2) and its associated industry [86,87],
while in SH, hunting and forestry activities predominate [20].

SAPA and SNS have regional entities with LAGs practically identified with their
territory, while SH is distributed between two LAGs (see Figure 3).

Figure 3. LAGs in the scope of the study. Source: [88]. Authors’ elaboration.
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It is a space with a marked peripherality, poor land communications with the provin-
cial capitals and within and between the counties. The better accessibility of the east of
SAPA and south of SNS leads to developing leisure and residential functions linked to the
city of Seville [83,89,90]. There was practically no tourist offer at the time of the procla-
mation of the NtPs [91], assuming the tourism offer organiSed itself organically [21,27].
However, the unequal activity distribution remains until the present, with a predominance
of rural houses and the recent appearance of tourism activity companies [92].

3. Results

3.1. The Presence of Dominant Discourses and the Rhetoric of Sustainability

The declaration of the three NtPs protects biodiversity and guarantees territorial una-
nimity between NtPs directors and the Foundation. The LAGs’ managers agree on the
importance of protecting and conserving yet highlight the lack of territory revitalisation
by the NtPs. They indicate that it is necessary to “overcome its function as a figure of con-
servation, as has happened in other NtPs of Andalusia” (Int30). While tourism companies
and business associations highlight conservation, they only partly assign protection as a
guarantor of environmental sustainability. Municipal stakeholders often perceive NtPs as a
limitation imposed on the local population from outside.

For NtPs directors and LAGs managers, NtPs have been fundamental for attracting
tourists, although mostly central areas benefited more due to better accessibility, tradition
and tourist offers. Companies that offer outdoor activities highlight that there is still
much-untapped tourism potential. Tourism companies and business associations relate
NtPs (and DSMBR) with promotion and marketing opportunities, emphasising that being
part of an NtP allows for ecotourism and sustainable activity for a specific tourist/visitor.
Nonetheless, it is indicated that efforts to foster environmental protection are usually
limited to advertising and posters, without creating a real fundamental change in the client.
However, they recognise that they have become the main tourist attraction in the central
municipalities over time.

Considering the above, NtPs directors and LAGs managers highlight that the declara-
tions of the NtPs have led to the development of other protection types, including DSMBR,
Special Protection Areas for Birds, Special Conservation Areas and UWGpSNS, as well as
the obtaining of other certifications such as the European Charter of Sustainable Tourism
and Sierra Morena Starlight Reserve (herein SMSTRE). Although the DSMBR is perceived
as motivated by the NtPs directors, they affirm that its importance has not been visualized
nor its potential developed because there is no management instrument (this document
is currently being drafted). It is divided between three provinces, making it unfamiliar
to the LAGs managers. For tourism companies, DSMBR is relatively unknown, and they
even deny its existence. For municipal stakeholders, these declarations and certifications
are just titles that are added to others or patrimonial protections, e.g. tourist brands and
patrimonial declarations, linking their quantity directly to the inflow of visitors. Only one
of the municipal stakeholders highlights that DSMBR is a recognition of the traditional
way of exploiting natural resources, assuming international promotion and the receipt of
public aid.

For the directors, sustainability is a context for developing NtPs as established by
the regulation. The LAGs managers point out that the values of sustainability have been
recognised during the pandemic, with citizen participation being crucial for achieving it, yet
without undervaluing its economic costs. It is generalised among municipal stakeholders
to affirm that traditional and tourist activities have always been sustainable despite the
prevailing three visions, as follows:

(1) The sustainability of traditional activities and tourism is necessary; “without sustain-
ability there is no development” (Int03); raising awareness among companies and the
local population is essential.
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(2) Traditional and tourist activities are sustainable, but sustainability creates “a difficulty
to compete” (Int32); urban spaces receive “water, air and recreation” (Int17) for which
the NtPs “need compensation” (Int01).

(3) Sustainability is “something to sell nature” (Int33), and now “everything has to be
sustainable” (Int04).

For tourism entrepreneurs, sustainability is an end. Still, they affirm that this is not
the case for most tourism companies that seek sustainability because of the subsidies that
can be obtained or because tourists demand it. Other tourism entrepreneurs even say
that “sustainability is an invention” (Int27) because tourism activity in rural areas must
necessarily be sustainable. In contrast, others claim to be learning to use sustainability “as
a strength for development” (Int14).

3.2. The Pre-Eminence of One Dimension over the Others in Sustainability in Tourist Activities

The NtPs directors perceive sustainability in tourist activities because tourism is
highly regulated by laws within the PNA, making it a comparative advantage for tourist
satisfaction. Additionally, they tend to question the sustainability of some tourist actions,
emphasising the need to exercise greater control overall. While they understand that
nature tourism and ecotourism have great potential and the effects of over-frequency
and overload are punctual time- and space-wise, sometimes they cause problems for the
owners at harvest time. The emergency in the light of global change, with a technical and
comprehensive vision, is particularly emphasised with accompanying proposals to make
investments, e.g., of Next Generation EU funds, to address them. The suggested measures
for sustainability are the control of access to maximum protection areas, the promotion of
energy self-sufficiency in urban centers, support for active tourism and advice on diagnoses
and environmental plans for companies. Implementing the Andalusian Nature Park Brand,
SMSTRE and stargazing, mushroom picking, hiking and specific examples of certified
companies are among the best practices. The model to follow would be that of other
Andalusian NtPs.

LAGs managers agree on the increasing sustainability of tourism activities and the
positive and growing influence of sustainability on the destination. However, they point
out that many times the activities are sustainable for companies because of “opportunity
(business) and not because of conviction” (Int02), as a way of advertising, since tourists
traditionally do not choose the destination entirely only because it is sustainable. Although
they point out that the trend is changing and the investments necessary to achieve sus-
tainability are amortised thanks to the satisfaction of a “new view of the tourist” (Int31)
who pays for sustainability and nature tourism and ecotourism linked to experiences, com-
panies incorporate sustainability into their management and facilities through “personal
awareness” (Int02). In the case of over-frequency and overload, LAGs managers share the
views of the NtPs directors, highlighting the problems of overcrowding in urban areas
and the economic impacts on farms. Likewise, while LAGs agree with NtPs directors on
the global change, they indicate that “those who most notice the changes are the smallest
peoples” (Int02). Although they tend to think that “it is not something imminent” (Int31)
and “they only see the problems when they translate into something economical, as occurs
with the drying of the oak” (Int02), they call for necessary measures to raise awareness
among the population and strengthen the nature preservation legislation. They underline
as measures for sustainability the promotion of energy self-sufficiency and the reduction
of light pollution. Good practices focus on projects resulting from cooperation networks
such as SMSTRE, the Ruta del Jabugo (herein RJ), the LongDistance Trail 48 and activities
linked to the UWGpSNS. As with the NtPs, LAGs also discourse about outdoor activities,
extreme sports and accommodation companies but critically assess the certifications that
“tax quality” (Int17). LAGs managers do not provide role models.

Municipal stakeholders agree that tourism, including traditional activities, is sustain-
able. Nonetheless, there are three different opinions:
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(1) Most consider sustainability inherent in traditional and tourist activities since “the
environment has been preserved because traditional activities are sustainable” (Int19).
They relate nature tourism and ecotourism to recreation and some complementary
activities. Despite some denials, they primarily defend the need to control capacity
to avoid overcrowding so that it does not damage traditional activities. Only some
interviewees identify climate change as an issue, without considering it imminent,
and refuse to foster legislation, expressing that “it is necessary to adapt, but we
are used to it” (Int22). As measures for sustainability, these stakeholders propose
betting on experiential ecological tourism and smart rural destinations, with the
limitation that there are no subsidies and aid for sustainability. In contrast, others
suggest sustainable investments, e.g., renewable and efficient energies, diversification
of products, motorhomes, enhancement of resources, trails, paths and renovations.
Sound practices are related to the development of municipal strategic plans and are
exemplified by accommodation companies, agri-food companies with a tourist offer,
outdoor activities and extreme sports, adventure parks and heritage rehabilitation.
The model to follow as a destination refers to other municipalities of the NtP and
other NtPs of Andalusia and the Basque Country.

(2) The perception of sustainability as the basis of development is limited to some mu-
nicipal stakeholders who advocate that traditional and tourist activities are generally
sustainable, but “not everything rural is sustainable” (Int20), making awareness nec-
essary. They identify nature tourism and ecotourism with active and sports tourism,
disconnection and personalised services and experiences. They highlight a non-
massive context, especially in more peripheral municipalities, and the need to limit
the tourist flow and plan. Tourist companies are held responsible for overcrowding
“because they think that the more people the better instead of looking for a model of
quality business” (Int03), and seasonality is very marked. They relate global change
as a major issue. Collaborative projects such as SMSTRE, LongDistance Trail 48, RJ,
ecovillages, municipal awareness campaigns, programs against depopulation and
cultural and environmental initiatives and activities as well as accommodation com-
panies with tourist activities (agritourism, gastro-tourism) stand out as good practices.
They mention regional models with particular emphasis on cultural initiatives.

(3) Sustainability as an NtP imposition is seen by the minority (SNS, SH), which points
out that tourism activity has to be developed “within a sustainable framework” (Int21).
It has to be legal and certified to satisfy tourists “who seek sustainability” (Int21), and
this has increased during the pandemic. They do not consider over-frequency and
overload, except at specific times due to the pandemic, and do not perceive any effect
of global change. The measures for sustainability are related to tourism quality, while
routes oriented toward a specific segment of demand are considered an example of
good practice. As a model, Navarra is mentioned.

Tourism companies and business associations agree that they act in a sustainable
destination where the work of the NtPs with the business community is essential. From
here, two different visions are developed:

(1) A majority group, consisting of tourism companies and business associations, at-
tribute tourism sustainability to: (a) local companies that work for environmental
and economic sustainability, while foreign companies do not carry out sustainable
activities; (b) the activities that are internally monitored as sustainable versus the
non-monitored unsustainable ones; (c) sustainable private business activities versus
unsustainable public ones because they are unrealistic and compete with private ones.
These companies agree that sustainable tourism does not exist and sustainability is not
a motivation, despite some changes since the pandemic as tourists, especially youth,
are progressively getting involved with sustainability and complying with the rules.
Betting on nature tourism and ecotourism is done for the central values of the territory,
the “silence, the place” (Int23). New types of transport such as bicycles and horseback
riding are available for a tourist who does not want to go by car and is respectful of
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the environment, though it costs more. Overcrowding and overload are not an issue,
and conflicts are due to the lack of visitors’ civility. The measures for sustainability
proposed are limited to training and awareness actions, and the references to global
change are few. They are reluctant to converse about good practices. However, net-
works such as SMSTRE, RJ, service companies such as electric bicycles, adventure
parks and the creation of charging points for electric vehicles are mentioned, pointing
to quality certifications as an impediment. Management models are from neighboring
municipalities and NtPs, indicating companies with similar activities and providing
examples such as the Pyrenees or the Spanish Ecotourism Club.

(2) A minority group of tourism companies perceives that tourism sustainability is due to
the company’s efforts since many wield “the flower of sustainability, and those who
have spent their entire lives working in the territory, on the other hand, do not have
any recognition” (Int12). They relate nature tourism with a source of employment
that provides differential value in terms of negative value. It distinguishes between
ecotourists who come from abroad looking for a specific offer and sustainability and
nearby travelers looking for a place for their vacations and travelling in a group. At
the same time, tourist satisfaction is unrelated to sustainability. Overcrowding and
overloading are considered a “cancer of the territory” (Int10) that occurs in specific
attractions due to lack of action and regulation, especially in the best-connected places.
Self-limitation, the non-admission of large groups and the search for under-tourism
are pointed out as sustainability measures. These companies understand global
change as an essential and multidimensional issue. Although it does not currently
affect reserves, going so far as to point out that it is necessary to “educate ourselves
and educate others” (Int13), the change of tourist activities towards sustainability
and the search for new, nearby markets is needed due to the decline in international
tourism in the context of global change. They primarily emphasise the individual
measures for sustainability, e.g., not having a pool, eliminating chemicals, ensuring
energy efficiency, creating ecotourism experiences, and realising FAM trips and en-
vironmental certifications. Good practices include the implementation of municipal
2030 agendas and programs against depopulation, promoting stargazing and bird
watching and strengthening companies with specific cultural and environmental
activities in the open air or extreme sports without emphasizing role models.

The Foundation voices the lack of sustainability of some traditional and tourist activi-
ties. It considers that nature tourism and ecotourism are necessary but ensures controls to
avoid over-frequency or overload. The measures for sustainability include the awareness
of the local population and tourists as well as raising tourist capacity controls. It focuses
on climate change, especially the dry season, and notes that all activities must be made
sustainable, not by prohibiting, but rather by controlling traditional practices to adapt.
Activities such as bird watching and mountain biking are highlighted. The Foundation
perceives itself as an example of good practice.

3.3. The Political–Institutional Dimension: The Relationships between Stakeholders and the
Difficulties in the Management of the Tourist Space

The different stakeholders establish collaborative relationships with other stakeholders,
among which are:

• Municipal stakeholders: collaboration with other municipalities is based on formal
and informal networks.

• Municipal stakeholders and tourism companies: municipal support for companies.
• LAG managers are the generation of networks with the different LAGs and with other

external local agents.

Other cooperation relationships are highlighted by only one type of stakeholder,
regardless of whether it affects several stakeholders, e.g., the vertical and horizontal coordi-
nation underlined by the NtPs directors (see Table 3).
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Table 3. Relations between stakeholders and the indicated causes.

Type of Relation Interviewees Description of the Relations Indicated Cause (Verbalized)
Institutions and

Organisations Involved 1

Positive

(Int22) (Int40) (Int19)
(Int21) (Int08) (Int07)

Tourism cooperation
and complementarity

between municipalities

Formation of formal and
informal networks 3

(Int15) Cooperation with external
tourism companies Control of tourist flows (bundling) 5, 7

(Int30) (Int31)
(Int02) (Int17)

Cooperation between the LAGs and
with other stakeholders internal and

external to the NtPs

Existence of a network and
application of the LEADER

approach; outward projection
2, 3, 4, 6, 7, 10, 11

(Int33) (Int07) (Int36)
(Int26) (Int11)

Cooperation of municipalities and
tourism and hospitality companies

Information; technical support;
nearest administration 3, 4, 6

(Int30) Cooperation in development
strategies with NtPs Shared actors (NtP governing board) 1, 2

(Int12) Cooperation between similar or
complementary companies

The joint vision of destination
and trust 4

(Int01) (Int16) Vertical (JA-TD-NtP-SM) and
horizontal (NtP-PC) coordination

Regulatory framework and
organisational structure NtP;

participation of the municipalities in
the NtP Governing Board

1, 2, 12, 13, 14

(Int01) (Int15) Collaboration in nature conservation Same conservation goals
between institutions 1, 7

Negative

(Int02) (Int22) (Int03) (Int21)
(Int20) (Int05) (Int28)

Competition and lack of subsidiarity
between municipalities; generation

of “micro-destinations”; lack of
coordination between attractions;

scarcity of tourist activities
in municipalities

The rivalry between municipalities;
different levels of development; lack
of communication; the existence of

municipal lobbyists; political
decision-making without counting

on and considering the
tourism sector

2, 3, 4, 6

(Int36) (Int39) (Int37)
(Int26) (Int09) (Int24)

Conflicts of use between tourism
and private property

The predominance of private
property; lack of entrepreneurship;
incompatibility of uses; usurpation

of public space

1, 4, 8, 9

(Int29) (Int01) (Int02) (Int17)
(Int32) (Int19) (Int39) (Int27)

(Int24) (Int28) (Int15)

Disagreements between
municipalities, NtP and JA;

management conflicts; a desire to
exit NtP

Restrictive regulatory framework;
different speeches, politicisation;
lack of communication; lack of
control of activities; technical

ineffectiveness; public oversight
of SIEs

1, 3, 8, 14

(Int39) (Int37) (Int35) Unfair municipal competition to
tourism companies

Creation of SIEs with public money
and private management 3, 4

(Int39) (Int35)
(Int10) (Int24)

Competition between
tourism companies

Duality of local–foreign companies,
main–secondary activities; lack of

business culture; non-business
activities; lack of originality

4, 5

(Int01) (Int30) (Int31)
(Int02) (Int17) (Int20)

The difficulty for interterritorial
cooperation; lack of a DSMBR

planning instrument

3 NtPs, 3 provinces, 4 LAGs, 43
municipalities, different

administrations and discourses; lack
of coordination; the existence of

municipal lobbyist

1, 3, 13, 14

(Int13) (Int24)
(Int28) (Int14)

Non-existence of a coordinating
body for tourist activity in the NtP;
absence of a destination; lack of a

tourism strategy
(brand, destination...)

Lack of agreement between the
parties and stakeholder involvement;

the rivalry between municipalities;
politicisation; lack of goals; lack of

coordination in the
regional administration

1, 2, 3, 4, 6, 12

1 1. NtP; 2. LAG; 3. Municipality; 4. Local tourism company; 5. External tourism company; 6. Business association;
7. Foundation; 8. Local population; 9. Large landowners (generally urban); 10. Other local stakeholders; 11. Other
local, territorial entity external to NtPs; 12. Provincial Council; 13. Territorial Delegation Regional Government;
14. Junta de Andalucía (regional ministries). Source: Interviews. Authors’ elaboration.

Competency relationships are of crucial importance for all stakeholders, while the
most visible are the following:

• The disagreements between the regional administration, i.e., NtPs, regional ministries
and the municipal stakeholders, are seen by other stakeholders, which generate man-
agement conflicts and divergences caused by the restrictive regulations, the top-down
approach, the ineffectiveness of the NtPs and the lack of communication.

• The competition between municipalities, observed by LAGs, municipalities and busi-
ness associations, generates a lack of coordination, tourist micro-destinations and
inequality in the distribution of public and private SIEs, caused by the rivalry between
municipalities and the generation of lobbyists, centre-and-periphery relations and the
lack of communication.
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• The administrative limits created a lack of interterritorial cooperation, as perceived by
the NtPs directors, all the LAGs managers and a municipal stakeholder.

• The lack of coordination and a common tourism strategy within the NtPs, perceived
by tourism companies and business associations, causes the lack of destinations and
a brand.

The tourist companies verbalise other competition relations about conflicts between
the tourist activities and the owners that dominate the NtPs due to the usurpation of cattle
trails and the limitations that private property supposes in the NtPs. Competition between
tourism companies is based on local–foreign discourse, main–secondary activity, lack of
business culture and originality and the presence of non-business activities, including
unfair competition from non-industrial activities and even municipalities.

4. Discussion

4.1. The Presence of Dominant Discourses and the Rhetoric of Sustainability

Each stakeholder builds their reality, expressing their interests [93] collected in the
dominant discourse and a representative framework [44].

The regional administration illustrates the preservation of the natural heritage through
the NtPs directors, who are assigned the role of the so-called gatekeepers [94] in the pro-
cess of patrimonialization and with a conservationist discourse where sustainability is the
objective established by law [95]. A conflict is generated by the management of resources be-
tween conservation and traditional activities that manifest the “nature-society dualism” [96],
demanding compensation by municipal stakeholders for the right to economic develop-
ment and productivism despite limitations [97], and incorporating the idea of local heritage,
which opposes the collective patrimonialization that comes from outside [98].

Tourism is an attractor of ecological services that positively interferes with appreciating
of natural and cultural values [99]. In this way, internal and external pressures in the PNAs
foster the economic use of resources greater than the intrinsic value of natural and cultural
heritage [26] and, therefore, sell products and markets places, cultures and traditions [28].
A mercantilist discourse is formed [100] and linked to a vision of development as a union of
endogenous and exogenous forces, public and private, based on endogenous resources yet
projected outwards in terms of the flow of tourists, the arrival of capital and funding [72].

The conservationist discourse is assumed by conviction by proactive tourism en-
trepreneurs [101], as identified by LAGs and other companies alike, the Foundation based
on their purpose [102] and some municipal stakeholders [103]. The LAGs discuss sustain-
ability from a broader perspective of equality and existing challenges rather than ecological
thinking [41]. They position themselves on the side of conservation, but complemented
with sustainable tourism as an attractor [99].

Firstly, the productivist discourse and then the mercantilist one is accepted by business
associations, most tourism companies and municipal stakeholders [103]. They redefine
the sustainability concept and tend to fall into contradictions when simultaneously speak-
ing of sustainability and the elimination of limitations or the increase in the number of
tourists [43].

These discourses are not permanent and tend to change [72]. Thus, in the municipal
elections of 2015 and 2019, the traditional political forces of social and Christian Democrats
lost the elections in several municipalities. The new leaders changed the focus of local
policies, allowing us to speak of municipalities of change, as dissenting voices, environmen-
talists and conservationists who positively value NtPs as a guarantee of sustainability. On
the other hand, in 2019, the regional elections involved a change in the regional government
with a center-right coalition that promotes a change in the regional environmental admin-
istration, favoring economic activities such as tourism, which implies a more productive
discourse, as perceived by the interviewees, contrasting with the previous position that
separated tourism, conservation and sustainability [104].
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4.2. The Pre-Eminence of One Dimension over the Others in the Sustainability of Tourist Activities

All interviewees agree that tourism and tourism activities are sustainable [3,27]. How-
ever, the different stakeholders insist on one of the dimensions of sustainability and inter-
pret sustainable tourism differently.

The conservationist discourse is dominated by the perception that the environmental
dimension of tourist activity is necessary to care for and improve the environment in the
NtPs, since sustainability cannot be renounced before and outside of tourist activity [27].
Namely, NtPs directors, LAGs managers, municipal stakeholders of change, proactive
companies and the Foundation are concerned about global and climate change [105]. These
concerns generate uncertainties about conservation and tourism activities [37] and make
tourism companies focus on changes in activities. The landscape affects their business [106],
and thus they consider maintaining long-distance visitors without damaging natural
capital [33] and better managing local tourism flows [107]. To mitigate the effects, they
propose policies and actions aimed at reducing sources of greenhouse gas emissions
through investments and legislation [11,108], sustainable tourism activities planning [108]
and carrying out awareness-raising campaigns for local and tourist populations [109].
The interviewees attribute to the tourists a motivation connected with their emotions
and personal relationship with nature through experiences [21,110,111], a rediscovered
relationship with the environment after COVID-19 [112] and a progressive involvement in
the sustainability of specific tourism [27].

Environmental sustainability is fundamental for proactive European companies that
specialise in high-added-value nature tourism and ecotourism [22]. They respond to the
conviction by developing sustainable products [49] to turn sustainability into an instru-
ment of business success [113] by focusing on the viability of the company [114] instead
of performance. These interviewees consider that tourism does not generate significant
environmental impacts, except those derived from the spatial–temporal concentration of
demand [27], pointing out that it is necessary to control the flows by regulating the physical
load [24,115]. Thus, companies can limit the offer to themselves to maintain quality by
betting on non-aggressive and low-intensity tourism [75], where only the NtPs directors
show concern about the use of water resources [11]. Sound practices are identified with
the environment and resources conservation [116], the will to preserve heritage for the
future [27] and the eco-efficiency of companies [56].

However, the specific examples that emphasise environmental and economic di-
mensions and, to a lesser extent, sociocultural and political–institutional, have common
characteristics. These characteristics include innovation [117], generation of coopera-
tion networks [118] and employment [119], a propensity to collaborate [71], enhance-
ment of synergies [113], entrepreneurship [120], local sourcing [114], diversification of
the product supply [121] and offering quality through environmental accreditations and
certifications [116]. Neo-rural businesses and foreigners have launched many of these
initiatives [13,66], although there are also innovative local initiatives [55]. Generally, the
initiatives mentioned are few, reiterated and concentrated in SAPA, with more significant
tourism development [20]. These interviewees are concerned about seasonality, which
compromises service quality and business viability [27]. Moreover, they highlight the
impact of visitors who occupy private farms or steal harvested fruits with the urban idea
that everything in the countryside belongs to everyone [41]. They do not follow models
and only mention other Andalusian NtPs.

The economic dimension predominates and is considered the most critical [41,63,72]
by the majority of municipal stakeholders, tourism companies and business associations,
insisting that sustainability is not well sold due to the scarce effort of the administration and
necessary public aid for companies [56]. They see tourism as a private economic activity [52]
from which people live and produce economic growth, a more important objective than
sustainability [32,61], curtailed by the limitations established by the NtPs. While it is not
a criticism of sustainability, they understand that the restrictions do not benefit tourism
companies. Sustainability is attributed to the location, origin and activities, regardless of
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whether they are environmentally sustainable and compatible with protection [4,76,122].
Therefore, sustainability is not considered a necessity, but an option [123].

Moreover, for tourism companies and business associations, nature tourism and
ecotourism become a business opportunity to satisfy tourists [34,49], create products that
emphasise natural heritage and thus increase their profitability [23] and amortize the
investment. Therefore, sustainability is a learning, rhetorical discourse [46,124], in which
sustainable tourism in a collective context becomes responsible tourism in the personal
sphere [34,51]. Its main interest is to sell nature or receive subsidies, to benefit from the few
tourists who buy sustainable products [49] and tourists who seek domesticated nature [22].
Therefore, they do not value environmental sustainability as a tourist motivation [22] but
merely an attraction for tourists without considering the impacts [55].

Nonetheless, these interviewees recognise that nature tourists have increased dur-
ing the pandemic [122], and companies must take advantage of it. They tend to reason
that global change is not imminent and is only appreciated when it causes economic
damage [11], whereas climate change requires adaptivity [125]. With few exceptions, the
majority acknowledges that over-frequency and overload are common in specific places
and times [27], especially in central areas and urban centres, mainly due to hikers and the
perimeter closures established during the pandemic [126]. Likewise, it is perceived that the
NtPs must solve the issue since the environmental dimension is exclusively their concern.
However, it is not a priority matter, and some positively value the high demand caused
by COVID-19. In any case, they deny the possibility of developing restrictive regulations
prevailing a short-term view of local authorities [127] and tourism companies, which are
committed to increasing flows instead of improving quality and sustainability.

Almost no measures for sustainability are considered, and they identify it with the
implementation of plans to promote ecotourism and segmentation through smart rural
destinations [117]. These interviewees vaguely speak of initiatives, activities and projects
that respond to market segmentation while criticising the accreditation and certification
requirements that tax the ecological [117]. The specific initiatives mentioned respond to
neo-Fordist products of the Disneyization of nature [22] and are neither innovative nor
original [21,22]. On the other hand, electric vehicle recharging points or the diversification
of products, e.g., e-bikes or motorhomes, are considered modernity [128] without consider-
ing sustainability, e.g., in terms of carbon footprint or derived pollution [129]. The models
to follow are chosen not based on sustainability but on entrepreneurial success, indicated
by brand awareness and continuous tourist inflow.

Contrary to the interviewees’ opinions, the sociocultural dimension of sustainability is
fundamental for residents [41,68]. LAGs managers and municipal stakeholders interrelate
it with the economic dimension [41,59] by linking it with the environment. The economic
dimension reflects the wish to continue living in the place, maintain and improve the quality
of the residents’ lives, preserve vitality and address depopulation and ageing, rather than
the capacity of the community to accept negative social impacts due to saturation [27].
Additionally, municipal stakeholders tend to understand social good as the maximisation
of market transactions [100]. As the territorial analysis and the literature on the field of
the study indicate [12,83,89,90,130], the interviewees are resistant to mentioning social
impacts and latent conflicts that depend on stakeholders [58]. Given the sociocultural
value of the dehesas and the fact that a large part of the population is still linked to
primary activities, the interviewers insisted on abandoning and changing the predominant
traditional activities [27], focusing on the economic arguments, e.g., low profitability and
the abandonment of the activity, rather than social ones, e.g., uprooting, showing that they
do not relate the loss of farm labour in favour of tourism with the loss of the landscape that
justifies tourist activities and experiences [119]. Only some interviewees valued agritourism-
based initiatives very positively [56,131] and indicated more sustainable, conservationist
discourse as examples to follow.
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4.3. The Political–Institutional Dimension, the Relations between Stakeholders and the Difficulties
in the Tourist Space Management

Depending on the participating stakeholders, there are three levels of relationships: public–public,
private–private and public–private.

4.3.1. Public–Public Level

The NtPs directors specify cooperative relations at institutional levels, i.e., horizon-
tal coordination between NtPs, municipalities and the Provincial Councils and external
vertical coordination with the regional administration. The latter is the one that sets the
management guidelines, responding to a traditional top-down model in PNAs [132].

The relationship between the NtPs and the municipalities is the most competitive,
observed by all types of interviewees in the three NtPs, given the non-participatory man-
agement model [19,133,134]. It results in the NtPs directors being seen as external agents
to the territory [19,104], except in SAPA, where the headquarters is in the region and the
physical proximity determines this perception. Nevertheless, the NtPs directors consider
themselves local stakeholders [94]. According to municipal stakeholders, the regulatory
framework imposes limitations from the outside [16,19,83] and restricts the right to devel-
opment without offering compensation [41]. The NtPs directors perceive the constraints of
economic activities and urbanisation as the explanation for conservation, yet they also see
opportunities for multifunctionality and diversification, generating an economic boost [104].
However, there are also underlying, unspoken issues to be addressed:

(a) There is the presence of two dominant discourses, i.e., mercantilism and conservationism.
(b) Local politicians understand themselves as the supporters of the local population and

the productive system, as the self-assigned function [72].
(c) Concerning point b, the municipal leadership’s role in appropriating heritage as a local

government discourse opposes collective patrimonialization with the politicisation of
nature protection that is wanted to exist in the NtP [19,83].

(d) Directors perceive the municipal stakeholders as opposing the NtPs [133].

These conflicts between local administrations and NtPs do not depend on the tradi-
tional governing party in the municipality or region. They are related to the dominant
economic activities [12], the tourist centrality and the lower identification with the NtPs,
showing that the patrimonialization process has not been completed. Even in the periphery,
the municipal stakeholders of the change see the control of activities and conservation as
a collective patrimonial function for non-productive functions that must be controlled in
the context of global change. They perceived the significant natural value of the above
restrictive framework [17].

The NtPs directors also perceive as an issue the so-called border effect between three NtPs
in 3 provinces and 43 municipalities, caused by the institutional framework [73] that limits ter-
ritorial cooperation [135]. This limitation is appreciated in border municipalities, i.e., between
provinces, regions and Spain and Portugal, by preventing intermunicipal collaboration.

On the other hand, municipal stakeholders mostly positively highlight the relation-
ships between themselves through formal networks, e.g., associations, projects or routes
and informal networks of shared interests [71]. Municipal stakeholders mainly indicate
competitive relationships between municipalities, the concentration of tourism initiatives,
the lack of coordination in the management of attractions and their lack of originality as the
drawbacks [21,22] due to the prevalence of local discourses [20]. Furthermore, the munici-
palities of change and the most peripheral ones communicate the presence of municipal
lobbyists in supramunicipal structures, e.g., municipal associations and LAGs [136], aiming
to benefit their municipalities by reproducing centre–periphery models [137].

The directors agree that there is a lack of funding, material and personal resources in
the NtPs [104] due to a management system based on public budgets and subsidies [24] and
not on payment for ecosystem services [138]. For some municipal stakeholders, the lack of
funding and continued financing translates into increased sustainability costs [56]. On the
contrary, for others, the most significant matter is not funding, but that aid and subsidies
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are aimed to benefit the same objectives. This opinion is recurrent in business associations,
pointing out that sometimes immobilised financing is waiting for decision-making [55].

4.3.2. Private–Private Level

Interviewees view tourism companies positively based on their activities and economic,
social and cultural contribution. The parties see business associations as valid interlocutors,
such as tourism industry networks [70]. Tourism companies and business associations appre-
ciate many positive and negative relationships and interrelationships at the private–private
level, where the work of the LAGs stands out [139]. Nonetheless, the cooperative relation-
ships between tourism companies stand out where cooperation is based on their activities,
ideological affinity and proactivity trust and complementarity relationships [140]. Despite
that, competitive relationships are also generated between companies:

(a) Local companies’ origin of the promoters or investment is attributed to sustainability [76]
because they are local, thus questioning the legitimacy of external initiatives [141].
They do not consider their characteristics and connections with the community [142]
nor the role of the neo-rural [66,143] in neo-endogenous tourism [144] or community-
based tourism, which is especially visible in SAPA [13]. Foreign companies, however,
blame local companies for their lack of originality [21,22].

(b) The professionalisation of the activity refers to companies with tourism as their
primary activity, which emphasise that those with tourism as a secondary, non-
professionalised activity do not take care of sustainability. Therefore, the reason
is opportunism that considers tourism an attractor [99] and the lack of business
culture and training [27].

(c) The type of activity points to non-business activities as a significant issue as such
activities do not have business maintenance costs and act as unfair competition. They
consider the offer of cultural and environmental activities by cultural and private
associations as either unregulated or illegal [20,27,104]. In contrast, unmonitored
activities and autonomous tourism are perceived as unsustainable [64].

4.3.3. Public–Private Level

The interviewees highlight the relations at the public–private level of cooperation and,
especially, of competition, which relate to the lack of information, communication and
participation in decision-making [134].

The LAGs and their managers are valued positively by all the interviewees as internal,
legitimate, public–private institutional actors that respond with collaborative work to an
institutional incapacity [145]. They collect stakeholders’ interests at different levels [145]
and lead, coordinate and bring together projects and actions to stimulate and promote
tourism [50,104]. LAGs managers point out their cooperative relationships based on the
LEADER approach and decentralisation [137] with many institutional and private stake-
holders and with other municipalities and counties that go beyond the border effect [73].
They aim to establish innovative territorial networks [20], projects based on a joint develop-
ment strategy and diversification promoted by other entities, such as the RJ [87]. However,
LAGs are only project developers who may not consistently achieve real change, partly
because of stakeholder resistance to cooperation and the lack of collective learning [146].

Municipalities in the context of neoliberal governance [34,41] do not have competencies
in tourism and environmental policy. They often do not have a dedicated budget, yet they
act as inhibitors or facilitators of sustainable tourism development, showing local leadership
to business disinterest [147] and top-down directives [67]. However, they frequently face
issues related to a new specialisation [72], observed by LAGs managers as a danger of
so-called “pan-tourism” where any other activities are disregarded. Municipal stakeholders
specify collaboration with tourism and restaurant companies, improving business activities
with advice and support, and assume the role of intermediaries, acting to enhance the
tourism sector’s prospects based on SIEs. The relations between municipalities and tourism
companies are also competence-based, and the tourism companies explain them as follows:
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(a) The benefit of the municipalities to local companies is an obstacle for exogenous
companies [41], regardless of their characteristics, especially relevant in the SH.

(b) The benefit of the municipalities to the external companies for the search for external fi-
nancing, investments and capital flows in the short term [31,72] as an expression of the
mercantilist discourse and the development of alliances with external capital [12] that
hinders internal entrepreneurship, mainly prevailing in SAPA and SNS municipalities.

(c) There is unfair competition between municipalities and companies that promote SIEs
with public investment, and the direct management of tourist attractions affecting
negatively private business viability and calls for a clear definition of the municipal
role for accountability [67,70].

For some tourism companies, the NtPs contribute to the conservation of biodiversity
and the control of agricultural practices through good practices, technical support and
the limitation of urbanisation. In contrast, for others, the NtPs suppose constraints and
bureaucracy for their initiatives [104], as mentioned by the LAGs managers and recognised
as a deficiency by the NtPs directors. The conflicts between traditional and tourism use
generate a disconnection between tourism companies and the NtPs (SNS), as it does not
necessarily control illegal or unlawful activities in the PNAs nor act diligently due to the
scarcity of resources, and they are working as a so-called foreign administration to the
territory [55].

Tourism companies and business associations highlight the lack of coordination be-
tween public and private initiatives and stakeholders. It is caused due to the inexistence of
a coordinating body for tourism activities in the territory and a plan establishing tourism
bases and objectives accepted by all [41,60,93]. This absence exists as an unfavorable in-
stitutional framework [53] due to the presence of administrations at different territorial
scales and the distribution of environmental zones (PNAs). Tourism competencies are also
divided between two regional ministries [64], leading to ineffectiveness [104]. In addition,
the lack of stakeholder involvement [41], political issues and discrepant interests result in a
lack of action coordination [91] and tourist micro-destination creation by the municipalities.

5. Conclusions

The perception of stakeholders about the sustainability of tourism activities, despite
the contextual differences, is not substantially different from other spaces, with elements
identified by Renfors [41].

Our study shows that stakeholders recognise that sustainability is generally the pur-
pose of the PNA. However, tourism sustainability is compromised by focusing on one of
the sustainability dimensions and not on the interconnection of dimensions. Sustainability
is, for some, an option. For others, it is an opportunity and, for others, a conviction. It is a
threat to consider sustainability as an option when conserving PNAs, and the fight against
global change relies on it [57]. On the other hand, tourism should not be underestimated
as an instrument for development in an agrosystem such as the dehesa, “which has been
capable of changing and reinventing itself randomly from different socioeconomic and
historical contexts” [84] (p. 134).

Stakeholders mutually recognise each other [63] and acquire attributes as a result
of their dominant relationships with others [60,73] and perceive themselves differently
based on their roles, discourses and influence and characteristics [73]. The opposing
dominant discourses manifest their differences, although they might change over time.
However, the dogmatism and pragmatism of the discourses are equally dangerous in
a fragile territory, requiring a compromise between the actors. The relations between
stakeholders materialise through ties of cooperation and competition, which hinder the
governance and management of NtPs and tourist activities. At the same time, the rigidity of
the regulatory framework prevents not only reaching agreements but also proposing them.

The NtPs were created to protect, although they are inhabited spaces where citizens
do not participate. It indicates a paradox of sustainability where we protect the space and
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restrict its use, the local population must behave sustainably and the tourist population
requires environmental training.

More than three decades after the proclamation of the NTPs, tourism has developed,
while sustainability remains a matter for a few, and the heritage process has not been com-
pleted. The accumulation of protection objects does not guarantee conservation. Therefore,
without adequate management and financing instruments, the DSMBR continues to be,
two decades later, an opportunity for sustainable tourism development.

The main limitations of this study are that it is based on the opinions of the intervie-
wees, so it is necessary to consider to what extent to trust them [74], and the absence of
in-depth interviews and/or questionnaires to the local population. On the other hand, the
snowball technique can be identified as a methodological deficiency since some responses
from the interviewees were recurrent.

Based on the results obtained, new lines of research are proposed, as follows: (a) examine local
development processes and the impacts generated by tourism, contrasting the perception
of the actors with secondary sources; (b) establish the existing relationships between land-
scape and sustainable tourism in the PNT; (c) study the governance and the determining
factors of the relations of cooperation or competition between the actors of the PNC from
the stakeholder theory, taking into account the direct perception of the local population;
(d) analyse the existing relationships between proactivity, ideology and gender in the
development of (sustainable) tourist activities in the PNAs.
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Abstract: Spain is the European country with the highest percentage of protected areas (27.4% of
its total surface area) and the country with the highest number of Biosphere Reserves, with 53.
Extremadura, the region that we analyze in our study, has a total of 89 Special Conservation Areas
and 71 Special Protection Areas, Monfragüe being one of them. In this context, the aim of this paper
is to determine which factors have an influence on the decision to visit Monfragüe. We perform
a regression analysis using a logit model, which shows that the only four factors that influence
the decision to visit Monfragüe are gender, travelling with one’s partner or family, the type of
accommodation, and the importance given to nature conservation. We also analyze the structural
change using the Chow test, which shows that there are no structural changes, i.e., that the probability
of visiting Monfragüe in the high or low season is not significantly different. In the case of Monfragüe,
ecotourism is not currently practiced en masse; only 3 out of 10 tourists practice ecotourism in
Monfragüe, which is important for the sustainable management of the park because the number of
tourists it receives each year is within its carrying capacity.

Keywords: natural parks; regression analysis; ecotourism; Extremadura

1. Introduction

The surface area protected in the form of Biosphere Reserves continues to increase and
has now reached the figure of 53 territories, which have been awarded this distinction by
the UNESCO in the year 2021 in Spain.

This rise can be explained by the opportunities for conservation of the development
of the sustainable use of these natural resources [1]; as part of this use, the important role
played by tourism should be emphasized.

Although it is true that tourist activities carried out in an uncontrolled manner can
become a threat to the conservation of these spaces, the sustainable development of
these activities is desirable both to develop the local communities and to generate in-
come for the conservation of the protected space [2]. In effect, as the authors of [3] point
out, socioeconomic development around protected spaces may help to avoid adverse ef-
fects such as checking depopulation and reducing the economic disparities suffered by
rural areas.

For this reason, the sustainable management of natural spaces becomes an opportunity
to create wealth and wellbeing in regions with little industrial development that see in the
management of their natural legacy an opportunity to generate wealth and employment by
the development of the service sector.

However, to achieve satisfactory tourist management of the natural space, it is essential
to use suitable segmentation strategies. The segmentation of markets has habitually been
used by marketing managers to get to know and understand differences between the
potential tourists of a destination [4]. Their importance to management lies in the fact that
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the suitable segmentation of a market allows destinations to anticipate development trends
and offer highly diversified products to meet the needs of tourists [5].

Despite the considerable benefits deriving from suitable segmentation, in destinations
that develop their products around resources with a high sensitivity to unsustainable
development models, few studies concentrate on providing information on the differenti-
ated profile of the tourists visiting nature reserves [6]. Thus, the main research question
we propose an answer for in our paper is which are the factors that have an impact
on the intention to visit a protected natural area, taking as a case study the Monfragüe
Biosphere Reserve.

To make up for this lack of research, this study has the initial objective of characterizing
the demand for tourism in nature reserves; to do so, it uses the National Park and Biosphere
Reserve of Monfragüe located in the province of Cáceres in Extremadura, Spain, as a
case study

The chosen space provides an interesting case study owing to the intrinsic characteris-
tics of this destination. The province of Cáceres can be described as an inland destination,
which due to its low level of industrial development finds in its rich natural and cultural
legacy a great opportunity for achieving economic progress. As this destination is in a
growth stage, it is essential for its managers to count on information to be able to plan
suitable management policies.

In addition to the clear practical implications for the management of the destination,
the results obtained in this applied research aim to contribute towards the profiling of the
characteristics of the tourist of nature reserves in inland territories in a growth stage. They
thus help to increase the information available on the differentiated profile of this type
of traveler.

To do so, in the first place, this study analyses the factors that determine the probability
of practicing tourism in natural spaces at the destination under study. To achieve this
objective, a logit model is used based on a survey of 4683 people carried out by the Tourist
Observatory of Extremadura during a calendar year. Secondly, the above analysis is
complemented with Chow’s test, which allows for the confirmation of the existence or
otherwise of structural change because of two factors of segmentation, whether the visit
is made in the high season or low season, and whether the tourist analyzed is from the
Spanish or foreign market.

To achieve these objectives, this study has the following structure: After this initial
introductory section, a bibliographical revision is carried out to analyze the necessary
symbiosis between tourism and protected spaces. Subsequently, we analyze the demand
for ecotourism, a tourist type which can include nature reserve tourism. Section 4 allows
the reader to get to know the main characteristics of the natural space used as a case study.
Section 5 then describes the methodology used and subsequently the major results obtained
are described. Finally, the article concludes with the discussions and conclusions generated
by this research.

2. Protected Natural Spaces and Tourism: A Necessary Symbiosis

Following the definition of the International Union for Conservation of Nature (IUCN),
a protected area is a “clearly defined geographically space which is clearly defined, rec-
ognized and managed by legal means or other efficient means so as to achieve long-term
nature conservation, the ecosystem services, and the associated cultural values” [7]. As
for nature reserves, ref. [8] (p. 1) define them as “spaces in which human activities have
not altered the typical environment drastically and in which as a consequence both the
biotic and abiotic elements have been preserved in good condition”. Protected areas are
essentially governance systems [9] with spatially defined areas with natural as well as
cultural attributes and services managed by a group of players with different roles and
institutional frameworks [10]. These areas are organized in accordance with a variety of
natural and spatial attributes that determine the conservation objectives, the protection
categories, and the human activities permitted [11].
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The protection of natural areas has a century-and-a-half-long history and is of a
universal nature [12]. It is worth highlighting the difference between the United States
creating the first Nature Reserve in 1872 (that of Yellowstone) and after, insofar as the
protection objectives of the territory established [13]. For example, the Middle Ages saw
the appearance of the first spaces protected for reasons related to hunting [14] and with
time spaces arose in which only the royalty and nobility could hunt [13]. However, when
President Grant created the first nature reserve in the USA, a new type of protected area was
created, which is characterized by it being public and having recreation goals. From that
year onwards, the number of protected spaces in the world has increased constantly [13],
which according to [15] can be divided into three stages: (1) Between 1872 and 1975, the
growth was helped by the beginning of the development of laws and regulations for
the protection of the spaces, as well as by the creation of the first institutions that were
specialized in the protection of the environment, both in a national and international sphere.
There was also an event that contributed greatly to the declaration of new protected spaces,
the first World Congress of Natural Reserves held in Seattle in 1962, since after it being
held, around 80% of the protected areas of the world were created [16]. (2) Between 1974
and 1992, both the policies for environmental conservation and the laws on the subject
intensified and increased in number. In this second phase, the number of protected areas
and their surface became more numerous all over the world, even if there existed some
differences between countries. (3) The final stage began with the Rio de Janeiro summit
in 1992, which marked the introduction of a new ideology regarding conservation, which
links it with sustainability and its three pillars: society, environment, and ecology.

Regarding the current situation, in 2018, the protected territories attained 14.87% of
the total surface area of the world [17] and in some areas reached a much higher percentage,
such as the EU with 18%. In the case of Spain, the most recent data available show that the
country has protected 36.2% of the total of its land surface area and 12.3% of its marine
surface area. It is also the European country that contributes the largest surface area to the
Natura 2000 Network, 27.4% of the total surface area of the country, and that with the most
Biosphere Reserves with 53 [18]. In the case of Extremadura, the target area of this study,
the region has a total of 89 Special Conservation Areas (Zonas Especiales de Conservación,
ZEC), which occupy a total of 933,772 hectares, and 71 Special Protection Areas (Zonas
de Especial Protección de Aves, ZEPA) with a total surface area of 1,102,409 hectares. The
protected areas are not only strategic enclaves for the protection of biodiversity and other
heritage values; they also contribute towards people’s wellbeing [18]. These data are the
consequence of the important Spanish protectionist culture, which is based on the approval
of the Law on Nature Reserves of the year 1916. Both the protected surface area and the
various forms of protection have increased considerably, and the regulatory framework has
been built up because of the regulations approved in the respective Autonomous Regions
in accordance with the sharing of powers between them and the central government [19].

An important factor which should be taken in account is the support of local com-
munities for the establishing of the protected areas. In this sense, the economic and social
circumstances influence the decisions of people as to whether to support the establishing
of the protected areas [20]; great efforts have been made to make society aware of the
ecological and sociocultural values of the protected areas and to increase the involvement
in the conservation process [21]. The interaction of the tourists with the protected areas
through observation or activities such as the practice of sports or education, when this is
permitted, provides cultural and social benefits, in addition to increasing wellbeing and
raising environmental awareness [22].

However, the increase in tourism implies a series of negative impacts at both a national
and international level [23]. The literature fully describes the two-faced role of tourism
in the sustenance of delicate environments, communities, and cultures [24–26]. Concern
for the environment and the negative effects mass tourism can have if uncontrolled have
meant that sustainable tourism is attracting a great deal of attention [27]; moreover, this
new mode of tourism allows people to travel independently, safely and in comfort [28].
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Protected zones are a powerful way of managing land use, for sustainable develop-
ment, and for nature conservation [29], although seeking to comply with conservation
objectives and the resulting arbitration of land use may cause conflict [29]. For example,
this occurs when the various parties have different visions of conservation objectives and
one or several parties attempt to impose their interests at the cost of the interests of the
remainder [30,31]. In the next section, we analyze the literature published on the demand
for ecotourism in protected spaces.

3. The Demand for Ecotourism in Protected Spaces: A Revision of the Literature

Market segmentation is a relatively new concept [32]. In 1956, Wendell Smith [33]
suggested that big and differentiated markets consist of many smaller and similar segments,
and that targeting them allows the businesses (or in our case, the destinations) to (1) position
themselves uniquely, offering a better product to their chosen target and (2) to create a long-
term competitive advantage. Moreover, communicating with a smaller part of the market
leads to reduced marketing expenses. The tourism industry has completely adopted
and adapted the concept, and there is not a single organization without a strategy for
marketing segmentation, and the focus can be, for example, on tourists of different origins
or with different patterns of vacation benefits preferences [32]. The pioneer of market
segmentation was Josef Mazanec who, in 1984 [34], introduced the dominant approach in
tourism marketing segmentation studies: cluster analysis. Even though cluster analysis
dominates, there are also other techniques that have been adopted, like neural networks
methods [35].

A condition for a good market segmentation is to make the correct choice of breakdown
variables [36], which usually are socio-demographic, psychological or behavioral variables,
as shown in [37] for the case of the tourist accommodation market. However, Haley [38]
affirms that the most effective way to segment a market is the benefits customer (in our
case, tourists) seek in each product, the advantage of this methodology being that it
groups customers with similar real needs, which play a decisive role in the purchase of
the product [39–41]. Benefit segmentation has been applied in tourism mainly to segment
tourists by their expected benefits of destinations, attractions, or activities [42]; however,
studies in the accommodation sector are scarcer [43]. Usually, they are based on data
extracted from interviews with customers and experts [44], or factor analysis of surveys
limited to subgroups of tourists, such as business travelers in luxury hotels [45], female
travelers [46], AirBnB users [43] or spa hotels [47]. In the specific case of Spain, which is the
country we study in our paper, Cordente-Rodríguez, Mondéjar-Jiménez and Villanueva-
Álvaro [48] analyzed excursionists in the Serranía de Cuenca National Park and divided
them into two groups: those whose only motivation is to enjoy nature and natural resources
and those who have multiple motivations; not only do they want to enjoy nature but also
the gastronomy, as well as visiting villages to learn about their culture and traditions. The
study by Carrascosa-López, Carvache-Franco, Mondéjar Jiménez and Carvache-Franco [49],
also carried out in the Serranía de Cuenca National Park and in the Albufera National
Park, is similar to [48] in that it presents the known segments of nature and multiple
motivations, but it also presents a third new segment, reward and escape, which is related
to the dimensions of nature, rewards and having fun.

Nature-based tourism is a broad term for which subgroups have appeared [50,51],
such as ecotourism, nature tourism and adventure tourism. The idea of ecotourism has been
very popular in recent years and is a very frequent topic in literature. Ecotourism is close
to sustainable tourism because they both should be ecologically, socially, and culturally
sustainable, and minimize undesirable impacts on the environment [6]. Ecotourism is the
environmentally responsible travel to unmodified natural and cultural areas that promotes
environmental learning while contributing to the conservation of the environment and
to economic development [52]. Nature tourism is the contemplation of fauna, flora, or
landscape scenery [52], so it shares only part of the ecotourism requirements: its link with
nature, its attractiveness, and the experience of the visitors in natural settings [6]. The
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purpose of adventure tourism is to involve participants in activities that imply a degree of
perceived risk or controlled danger related to personal challenges [53]. In addition to the
subdivisions explained, authors such as [54] suggested four segments using a motivation-
based segmentation: ecotourism, wilderness use, adventure travel and camping, [49]
proposed combined, or hybrid, terms, to reflect the overlapping that tourist products
present; for example, a tourist product can contain not only elements of adventure, but
also natural and/or cultural attractions. Some studies have been published about benefit
segmentation in the nature tourism industry. The author of [55] identified four different
segments of tourists in Belize (ecotourists, nature escapists, comfortable naturalists, and
passive players), while Bricker and Kerstetter [56] created four segments of tourists who
decided to participate in a nature tour in the Fiji Islands (eco-family travelers, culture buffs,
ecotourists and eclectic travelers). Kerstetter, Hou and Lin [57] identified three segments
of tourists in the coast of Taiwan, and labelled them experience-tourists, learning-tourists
and ecotourists.

As for motivations, Holden and Sparrowhawk [58] affirm that the main motivations
for ecotourists are (1) learning about nature, (2) being physically active and (3) meeting
people with the same interests, while Page and Dowling [59] add that ecotourists travel
to satisfy their recreational and leisure needs, as well as to gather information on specific
zones. Pearce and Lee [60] explain that motivating factors for travelling include relaxation,
escaping, the improvement of relationships and personal development, among others.
Kruger and Saayman [61] observed that tourists travel to National Parks for six main
reasons: searching for knowledge, experiencing nature, to take photographs, relaxing and
escaping, experiencing the park’s characteristics and nostalgia, while, for South Korea,
the seven main factors, following Lee et al. [62], are linked with motivation, and are
self-development, interpersonal links, reward, the construction of personal relationships,
escape, ego-defensive function and the appreciation of nature. As for the Republic of Serbia,
Panin and Mbrica [63] divide ecotourists into four groups: social activities, health and
sports activities, nature-related motivations, and educational activities.

The motivations of rural tourists, as well as their behaviors, are very different from
those that do conventional tourism (López-Sanz et al., 2021) [64]. Said motivations are,
as studied by Lois et al. [65], Tirado [66], Devesa et al. [67] and Leco et al. [68], linked
to nature, culture, and the environment. The cited authors proposed ten different main
motivations for rural tourists, which are: contact with nature, rest and calmness, cleanliness
of air and water, open-air spaces and healthy environment, gastronomy, activities related
with agriculture, the discovery of new cultures, hospitality of the local population, contact
with the heritage and travelling back in time while having the comfort of the present.

To complete the contextualization of our study, in the following section we give a brief
description of the Monfragüe Biosphere Reserve and its main characteristics.

4. The Monfragüe Biosphere Reserve: An Emblematic Protected Space in
Southwestern Europe

Extremadura is an Autonomous Region of Spain consisting of two provinces, Cáceres
and Badajoz, which borders on Castilla y León to the north, Andalusia to the south, Castilla
La Mancha to the east, and Portugal to the west (Figure 1).

It has a total of 41,634 km2, which corresponds to 8.2% of the surface area of Spain [3].
The area subject of our study, the National Park of Monfragüe, can be found in the province
of Cáceres; it is the largest area of Mediterranean woodland and the best preserved in the
world, and it also has great biodiversity thanks to the rivers and reservoirs that irrigate
it [69]. According to data published by the Ministry for Ecological Transition and the
Demographic Challenge (MITECO) in the Report of the Network of National Parks for
2019, Monfragüe National Park has a surface area of 18,396 hectares, a peripheral protected
area of 97,764 hectares, and an area of socioeconomic influence of 195,500.73 hectares [70].
Monfragüe has been a Special Protection Area since October 1998 [71]; this protection is
recognized in the legislation of Extremadura by the Decree 232/2000 of 21 November. This
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recognition is highly relevant owing to the ornithological richness of Monfragüe as many
tourists travel there to see the birds which nest in the park in their natural habitat, among
which the black vulture stands out [72]. In 2003, Monfragüe was recognized as a Biosphere
Reserve [72] and in 2007 the approval of Law 1/2007 of 2 March meant that Monfragüe
was declared a National Park. Finally, Monfragüe was designated a Special Conservation
Area in 2015 [73], which is reflected in the legislation of Extremadura by Decree 110/2015
of 19 May. The vegetation of the park makes it even more attractive with its holm oaks,
cork oaks, and alders, among other species. As far as tourism is concerned, the latest data
available of accommodation businesses and restaurants in Monfragüe, from December
2020, are shown in Table 1.

 

Figure 1. Location of area of study. Source: own elaboration.

Table 1. Accommodation establishments and restaurants in Monfragüe National Park.

Total Number Breakdown

Hotel-type accommodation 23
9 hotels

8 budget hotels
6 boarding houses

Non-hotel-type
accommodation

60

47 rural accommodation establishments
9 tourist apartments

3 hostels
1 campsite

Restaurants and catering 94
77 restaurants

3 catering companies
14 banquet halls

Source: Sánchez-Oro et al. (2021) [74].

As for the number of travelers, in 2020, a total of 38,235 visited Monfragüe and ac-
counted for a total of 79,571 overnight stays; they remained in the park for an average
of 2.08 days. These figures represent a decrease of 49% in the number of travelers and of
42.5% in the number of overnight stays compared with 2019 [74]. To conclude, although
some aspects have already been mentioned, we highlight below the main natural charac-
teristics of Monfragüe National Park [70]: (1) Monfragüe is the largest area of preserved
Mediterranean woodland in the world and is crossed by the river Tagus. The great variety of
natural environments explains the wide variety of both animal and plant species in the park.
(2) The landscape is characterized by being the result of human action. The dehesa wood-
land and pastureland system is the most outstanding example of sustainable interaction
between man and the environment. (3) The birds nesting in the park include the griffon
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vulture, the black stork, the peregrine falcon, and the eagle owl. (4) With regard to vegeta-
tion, Monfragüe has holm and cork oak groves, heaths, and populations of maples, ashes,
and alders.

5. Methodology

5.1. Estimated Probability of Tourist Visits to the Monfragüe Biosphere Reserve

The data used to estimate the previous logit model have been obtained from the
surveys carried out by the Tourism Observatory of Extremadura on the Network of Tourism
Offices of the region. The sample size was 4683 tourists, with no distinction being made
between Spanish and foreign tourists and between the high and low season.

This questionnaire was used with the aim of finding out the profile and motivations
of tourist demand in Extremadura. For this purpose, surveys were carried out randomly,
establishing the minimum number of observations necessary for the sample to be represen-
tative in each territory, in each of the tourist offices in the region. The survey included a
total of 12 questions distributed in different thematic blocks: socio-demographic profile
of the tourist (questions 1 to 3), characteristics of the trip to the region (questions 4 to 7),
activities carried out and places visited (questions 8 and 9), tourist expenditure (question 10)
and degree of satisfaction with the visit (questions 11 and 12). Of all these questions, those
that have been used for the present study were formulated as follows: “9. Which natural
spaces have you visited, or do you plan to visit during this trip? (Monfragüe National Park
as an option)”; “1. Gender”; “3. Age”, “4. Who are you travelling with?”; “7. What type
of lodging have you selected?”. In more detail, the questionnaire used aims to find out
the motivations of tourists visiting the region. As well as requesting socio-geographical
data (gender, origin and age), the questionnaire includes questions related to the way of
travelling (type of travel company, accommodation chosen for overnight stays, etc.), the
tourist activities to be carried out, the places to be visited, daily tourist expenditure and the
evaluation of the tourist services used.

To estimate the probability of visiting the Monfragüe Biosphere Reserve, a regression
analysis has been used in which the dependent variable (Yi) is a binary variable, which will
have the value of 1 if the tourist has visited Monfragüe during his/her visit to the region
(Extremadura) and the value 0 if he/she has not. Given the binary nature of this dependent
variable, the following binary logistic regression model (or logit model) has been proposed:

P(Yi = 1) =
exp(z)

1 + exp(z)

with

z = β0 + β1 GENi + β2 AG1i + β3 AG2i + β4 COMP1i + β5 COMP2i+
β6 H1i + β7 H2i + β8 H3i + β9 VAL_ALOJi + β10 VAL_RESTi + β11 VAL_EMPi+

β12 VAL_NATi

(1)

in which P(Yi = 1) represents the probability that the tourist i visits Monfragüe, and in
which the explanatory variables of the model may be grouped in three main categories:

Sociodemographic variables:
GEN: gender (1 = male; 0 = female).
AG1: age (1 = 35 years or less; 0 = others).
AG2: age (1 = between 35 and 55 years of age; 0 = others). Note: Over 55 years of age

(AG1 = AG2 = 0).
Variables of trip characterization:
COMP1: type of travel (1 = as a couple or as a family; 0 = others).
COMP2: type of travel (1 = with friends or in a group; 0 = others). Note: Alone

(COMP1 = COMP2 = 0).
H1: type of lodging selected for overnight stay (1 = hotel; 0 = others).
H2: type of lodging selected for overnight stay (1 = rural lodging; 0 = others).
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H3: type of lodging selected for overnight stay (1 = apartment, campsite or budget
hotel; 0 = others). Note: other lodgings (H1 = H2 = H3 = 0).

Variables of assessment of destination:
VAL_ALOJ: assessment on a scale of 0 to 10 points of the accommodation on offer.
VAL_REST: assessment on a scale of 0 to 10 points of the restaurants on offer.
VAL_EMP: assessment on a scale of 0 to 10 points of the tourist activity company.
VAL_NAT: assessment on a scale of 0 to 10 points of the conservation of the

natural heritage.
With the inclusion of sociodemographic, trip characterization, and destination assess-

ment variables in model (1), we aim to identify the variables that condition (or which could
condition) the probability of tourist visits to be estimated.

The logit model [75–78] has been frequently used in the field of tourism research. It
has, for example, been used for issues as diverse as identifying the factors determining
innovation in tourism [79,80], establishing space–time relations between hotels in urban
tourism destinations [81], determining the influence of High Speed Rail on the probability
of returning to visit a destination [82], studying the consumption of local food in rural
tourism [83], analyzing the behavior of tourists in terms of the consumption of certain
products [84], analyzing the air quality of museums [85], and determining the predictive
factors of tourists’ loyalty to a destination [86]. This methodology is therefore widely used
in the field of tourism research.

5.2. The Presnece/Absence of Structural Change in the Estimation of the Probability of
Visiting Monfragüe

The test for structural change known as the Chow test [87] is habitually used with
conventional regression models to determine whether on dividing a model into two
subsamples there is stability in the model parameters. In a conventional regression
model, this Chow test includes an F statistic in which the sum of squares of the er-
rors of the model estimated based on the total sample (restricted model) are compared
against the sum of squares of the errors of the models estimated based on each subsample
(non-restricted model).

However, when the estimated regression model is a binary logistic regression model,
as in this case, this Chow test is conducted as a likelihood ratio test between the restricted
(pooled) logit model (model (1)) and the non-restricted logit model. The latter model
defines the z function as follows:

z = β0 + β1 GENi + β2 AG1i + β3 AG2i + β4 COMP1i + β5 COMP2i+
β6 H1i + β7 H2i + β8 H3i + β9 VAL_ALOJi + β10 VAL_RESTi + β11 VAL_EMPi+

β12 VAL_NATi + β13 Di + β14 GENi × Di + β15 AG1i × Di + β16 AG2i × Di+
β17 COMP1i ∗ Di + β18 COMP2i ∗ Di + β19 H1i ∗ Di + β20 H2i ∗ Di + β21 H3i ∗ Di+

β22 VALALOJi × Di + β23 VALRESTi × Di + β24 VALEMPi × Di+
+β25 VAL_NATi × Di

(2)

in which the Di variable is a control variable and assumes the value of 1 in the case of the
presence of a certain characteristic and 0 if the characteristic is absent.

In our case, and given the fact that the output of the Gretl results provides the logarithm
of the Log-likelihood function, the contrast which has been used is the log-likelihood ratio
test between both models as shown in the following equation:

D = −2[log(Λ1)− log(Λ2)] (3)

in which log(Λ1) is the logarithm of the log-likelihood function of the restricted model
(model (1)) and log(Λ2) is the logarithm of the log-likelihood function of the non-restricted
model (model (2)).

Wilks [88] demonstrates that the D statistic follows an asymptotic χ2 distribution with
d f 2 − d f 1 degrees of freedom, in which d f 1 and d f 2 represent the degrees of freedom of
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the models (1) and (2), respectively. If the p-value associated with this D statistic is lower
than the level of significance, the presence of a structural change may be admitted; it would
therefore be possible to conclude that significant differences exist in the adjustment of the
binary logit model for the high and low seasons and for Spanish and foreign tourists.

Although this test for conventional structure change (i.e., that based on a classic
regression model) has also been used quite frequently in tourism research [89–93], its use
with logistic regression models and therefore its contrast through a likelihood ratio test is
practically non-existent in tourism research. This study thus presents a methodological
novelty in the field of tourism research.

6. Results

6.1. Estimated Probability of Tourist Visits to the Monfragüe Biosphere Reserve

The results of the model estimation (1) using the Gretl statistics package are shown
in Table 2. It can be appreciated in it that gender (GEN), travel in the company of one’s
partner or family (COMP1), the type of accommodation chosen (H1, H2, and H3), and the
assessment given to the conservation of the natural heritage are the only factors which con-
dition the probability of visiting Monfragüe, considering a degree of statistical significance
of 5% or less.

Table 2. Estimation of the binary logistic regression model (1).

Explanatory
Variables

β S.E. Z Wald p-Value Sig. a Exp (β)

GEN −0.140 0.065 −2.137 4.565 0.033 ** 0.87
AG1 0.085 0.099 0.862 0.743 0.389 1.089
AG2 −0.005 0.08 −0.066 0.004 0.509 0.995

COMP1 0.461 0.133 3.467 12.022 0.001 *** 1.585
COMP2 0.01 0.149 0.068 0.005 0.946 1.01

H1 0.23 0.079 2.913 8.488 0.004 *** 1.259
H2 0.282 0.103 2.74 7.508 0.006 *** 1.326
H3 0.383 0.106 3.617 13.08 0 *** 1.467

VAL_ALOJ 0.022 0.034 0.638 0.407 0.524 1.022
VAL_REST −0.002 0.036 −0.057 0.003 0.566 0.998
VAL_EMP −0.046 0.026 −1.780 3.168 0.075 * 0.955
VAL_NAT −0.080 0.033 −2.435 5.927 0.015 ** 0.923
Constant −0.300 0.305 −0.984 0.968 0.325 0.74

Log-likelihood: −2801.020
Schwarz criterion: 5711.912
Akaike criterion: 5628.040

Hannan-Quinn criterion: 5628.040
McFadden’s R2: 0.0141

Number of cases correctly predicted: 3298 (70.4%)
Ratio likelihood test: Chi-Square (12 df) = 79.9742 (p-value: 0.000)

* Significant at 10% level; ** significant at 5% level; *** significant at 1% level. Source: own elaboration.

In the first place in relation to gender, the negative value of coefficient β and the value
of less than 1 of exp (β) imply that in the case of ceteris paribus the probability that a male
tourist (GEN = 1) will visit Monfragüe is lower than the probability that a female tourist
(GEN = 0) will do so. In any case, the proximity to the unit of exp (β) determines in this
case small differences between both possibilities.

The association between the variables H1, H2, and H3 and the estimated probability
of visiting Monfragüe is, however, much clearer. For these three explanatory variables, the
coefficient β is positive, which determines an exp (β) value exceeding 1. In this case, the
types of accommodation that induce a greater predisposition to visit the Monfragüe BR
are tourist apartments, campsites, and hostels (exp (β) = 1.467). It therefore seems clear
that the tourists visiting this protected natural space show a clear preference for these
types of accommodation. To a lesser extent than those above, the tourists consulted are
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also more likely to visit Monfragüe if they stay in rural accommodation (casas rurales or
rural hotels) (exp (β) = 1.326). Variable H1, which is associated with lodging in hotel-type
establishments (in contrast to variables H2 and H3 which are clearly associated with non-
hotel-type accommodation), was also statistically significant and therefore determines,
under the assumption of ceteris paribus, a greater predisposition to visit the Monfragüe BR
than tourists lodged in other establishments (which will not be the types mentioned above,
which are those associated with higher estimated possibilities). Finally, the tourists with
the lowest probabilities of making a tourist visit to Monfragüe are those lodged in other
accommodation types (mainly budget hotels or boarding houses, inns, their own houses,
and those of friends or relatives). Consequently, the estimation of model (1) has allowed for
the identification of an empirically demonstrated association between a higher probability
of visiting the Monfragüe BR and the use of non-hotel-type tourist accommodation when
staying in the territory under study.

However, the most evident statistical association identified by means of the estimation
of model (1) is that existing between the fact of travelling as a couple or with one’s family
and the probability of visiting Monfragüe. In effect, the coefficient β estimated from the
COMP1 variable (0.461) and the clearly different value of 1 of exp (β) (1.585) determine that,
ceteris paribus, the probability of making a tourist visit to Monfragüe is significantly greater
among tourists who travel as a couple or with their family than among those who travel in
other company. This would therefore seem to confirm that the practicing of ecotourism
is of an eminently family type, at least in the protected natural space being considered in
this study.

Finally, the estimated coefficient β of the variable VAL_NAT is negative and thus
determines an exp (β) value of less than 1. This circumstance implies that if the remainder
of the explanatory variables remain constant it is not the tourists who value most highly
the conservation of the natural heritage of Monfragüe who are most likely to visit it. In
other words, if the highest probabilities of making a visit to this protected natural space are
shown by those giving the lowest score, it can be concluded that lovers of ecotourism are
demanding as to the environmental protection of the natural space they visit, in such a way
that the estimated values appear to recommend in this case extra effort in the conservation
of the natural heritage of the Monfragüe BR.

However, the act of considering the demand for ecotourism in the Monfragüe BR
in an aggregate manner, without differentiating for example between the high and low
season on the one hand or between Spanish and foreign tourists on the other, may mask
certain statistically significant relationships between certain explanatory variables and the
probability of practicing ecotourism.

It is therefore necessary to introduce the season (high or low) and the origin (Spanish
or foreign) of the tourists analyzed as control variables in the model (1) to determine if this
segmentation of the ecotourism demand in accordance with the season and the origin of
tourists results in differentiated behavior.

6.2. The Presence/Absence of Structural Change in the Estimation of the Probability of
Visiting Monfragüe

Two control variables (Di) are considered: one to measure the potential influence of
the tourist season on the probability of visiting Monfragüe and the other to determine the
effect of the tourism market of origin on this probability. In the case of the tourist season,
therefore, the control variable Di has a value of 1 for the high season (April to September)
and 0 in all other cases. As for the case of the tourism market of origin, the control variable
is given a value of 1 for Spanish tourists and 0 for foreign tourists.

After estimating the model (2) and taking the value of the logarithm of the log-
likelihood function of this model while considering the two control variables, the results of
the log-likelihood ratio test are shown in Table 3.
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Table 3. Log likelihood ratio test of both control variables.

Control
Variable

log(Λ1) log(Λ2) D d.f. p-Value

Season −2801.020 −2794.745 12.55 13 0.4831
Tourist
market −2801.020 −2796.086 9.87 13 0.7047

Source: own elaboration.

It is therefore evident that there is no structural change in the estimated logit model
either when considering the tourist season or the tourism market of origin as control
variables. It may thus be concluded that the probability of visiting the Monfragüe BR is
not significantly different in the high season or low season. This means that at least in the
natural protected area analyzed the tourist season does not appear to have a significant
influence on the demand for ecotourism, which is an advantage as a tourist destination
since, unlike other types of tourism (such as sun or beach tourism, music festival tourism,
or even MICE tourism, an acronym for Meetings, Incentives, Conferences and Exhibitions),
ecotourism in the Monfragüe BR is a type of tourism which appears to have equal demand
rates on a year-round basis.

On the other hand, and to conclude, no structural changes have been detected when
considering the market of origin as a control variable. This means that the probability of
visiting Monfragüe is not conditioned by the nationality of the tourist. Furthermore, it
may not be necessary for tourism promotion campaigns of the Monfragüe BR to present
different elements based on whether they are aimed at the Spanish or international market.

7. Analysis of the Variability of the Estimated Probabilities of a Tourist Visit in Terms
of the Characteristics of the Tourist Profile

Given that only four of the explanatory variables of the model (1) are statistically
significant at 5%, we give below an estimate of the probability of visiting Monfragüe based
on the following reduced logistic regression model:

z = β0 + β1 GENi + β2 COMP1i + β3 H1i + β4 H2i + β5 H3i + β6 VAL_NATi (4)

The relative frequency histogram of these estimated probabilities is shown in Graph 1.
The mean value of these estimated probabilities is 0.2951, with a standard deviation of
0.0562. This means that ecotourism is not currently practiced on a large scale (it is not
a mass tourism practice) given that it is estimated that about 3 out of 10 of the tourists
visiting the territory, which is the subject of this study practice ecotourism in Monfragüe.
This conclusion could help the sustainable management of the park because the number of
tourists it receives every year is within its tourism carrying capacity.

The analysis of the values of the estimated probability, together with the relative
frequencies corresponding to the same, which is shown in Figure 2, allows for the identifi-
cation of three different levels in the possibility of getting to know and enjoying Monfragüe
as part of a visit to the region:

(a) Low probability of visiting: tourists with an estimated probability of visiting Mon-
fragüe of less than 25% (lower values than those of average probability, which are
more than a typical deviation away from the same).

(b) Average probability of visiting: tourists with an estimated probability of visiting
Monfragüe of between 25% and 35% (estimated values no more than one typical
deviation away from average probability).

(c) High probability of visiting: tourists with an estimated probability of visiting Mon-
fragüe of over 35% (values higher than average probability, which are more than one
typical deviation from the same).
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Figure 2. Frequency histogram of the estimated probabilities of visiting the Monfragüe BR. Source:
own elaboration using Gretl software.

As from this segmentation of the demand based on likelihood criteria and statistical
coherence, we analyze below the relationship between the explanatory variables of the
estimated logit model (gender, travel type, accommodation type, and the assessment of the
conservation of the natural heritage) and these three segments or levels identified.

To begin with gender (Table 4), it can be appreciated that the probability of visiting the
Monfragüe BR among men (28.01%) is slightly lower than among women (30.91%). Indeed,
while over a quarter of female tourists are to be found in the segment of high probability
(25.9%), only 7.4% of male tourists are from this segment. In any case, to confirm empirically
that this difference, although slight, is statistically significant, we have carried out test t.
After confirming the hypothesis of the equality of variances with Levene’s test (F = 3.328;
p-value = 0.068), the high negative value of the statistic t (−18.240) and its low associated
p-value (<0.0001) allow for the rejection of the hypothesis of the equality of estimated average
probabilities between men and women, and therefore the confirmation that the probability of
visiting the Monfragüe BR is higher among women than among men.

Table 4. Relationship between gender and the estimated probability of visiting the Monfragüe BR.

Gender % of the Total Sample Low Probability Average Probability High Probability
Mean Value of

Probability

Female 51.9 15.4 58.7 25.9 0.3091
Male 48.1 29.5 63.2 7.4 0.2801

Source: own elaboration.

On the other hand, Table 5 shows the distribution of the various travel types used
by the tourists consulted in each of the probability segments identified. In this case, the
differences between the average probabilities are more marked than in the case of gender.
Therefore, travel as a couple or with one’s family are the only two travel types registering
average probabilities of visiting Monfragüe of higher than 30% (32.02% and 31.90%, re-
spectively). Indeed, compared with the almost total absence of tourists travelling alone,
with friends, or in an organised group in the category of high probability of visiting, the
percentage of tourists travelling as a couple or with their family and showing a probability
of visiting Monfragüe of over 35% is quite high (23.1% in the first case and 24.3% in the
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second). The differences between these average probabilities have been ascertained by
means of an ANOVA test (F = 1112.663; p-value < 0.0001) and two contrasts of indepen-
dence between the lines (travel type) and the columns (probability segments) of Table 5
(Pearson’s chi-square = 2310.397 with p-value < 0.0001; likelihood ratio = 2335.927 with
p-value < 0.0001).

Table 5. Relationship between the type of travel and the estimated probability of visiting the
Monfragüe BR.

Type of Travel % of the Total Sample Low Probability
Average

Probability
High Probability

Mean Value of
Probability

Travelling alone 8.0 65.1 34.1 0.8 0.2369
Travelling as a

couple 47.1 3.7 73.2 23.1 0.3202

Travelling with
friends 16.3 67.7 32.2 0.1 0.2310

Travelling with
family 24.6 5.2 70.5 24.3 0.3190

Travelling with a
group 4.0 75.1 24.9 0.0 0.2290

Source: own elaboration.

Similar conclusions can be obtained from analyzing Table 6, which shows the rela-
tionship between the type of accommodation used by the tourists consulted and the three
segments of estimated probabilities of visiting identified. Indeed, the average estimated
probabilities are within a range that exceeds 10% of the probabilities, as these are to be
found between a minimum value of 24.82%, which is recorded among those who take
lodging in an inn or in another type of accommodation, and of 35.41% of those who
stay at a campsite. The results of the ANOVA test (F = 170.766; p-value < 0.0001) and
of the contrasts of independence (Pearson’s chi-square = 920.407 with p-value < 0.0001;
likelihood ratio = 1009.584 with p-value < 0.0001) confirm that these differences in the prob-
ability of visiting Monfragüe depending on the type of lodging chosen by the tourists are
statistically significant.

Table 6. Relationship between the type of lodging and the estimated probability of visiting the
Monfragüe BR.

% of the Total
Sample

Low Probability Average Probability High Probability
Mean Value of

Probability

4- or 5-star hotels 13.5 13.3 69.1 17.6 0.3084

1-, 2- or 3-star hotels 24.7 18.8 59.7 21.5 0.3044

Budget hotel or
boarding house 7.8 40.8 58.9 0.3 0.2546

Spa 2.1 13.4 64.9 21.6 0.3085

Inn 2.8 45.7 54.3 0.0 0.2482

Casa rural 11.0 13.1 65.0 21.9 0.3179

Rural hotel 3.6 12.4 64.1 23.5 0.3213

Tourist apartment 4.9 5.2 47.0 47.8 0.3413

Campsite 4.5 2.3 44.6 53.1 0.3541

Tourist hostel 4.0 14.5 71.4 14.1 0.2924

Own home or that of
friends or family 17.4 38.2 60.4 1.4 0.2578

Other lodging types 3.7 40.8 59.2 0.0 0.2483

Source: own elaboration.
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Finally, Table 7 shows the distribution of the assessments given by the tourists regard-
ing the conservation of the natural heritage of the Monfragüe BR for the three levels of
probability defined. If we leave out the assessments between 0 and 4, which are completely
marginal (only 0.3% of the total sample and therefore barely representative of the pop-
ulation being analyzed), a fairly clear association can be observed between a low score
(5 or 6 points) and a high probability of visiting the Monfragüe BR (47.7% and 42.2%,
respectively) and also between a very high score (9 or 10 points) and an extremely high pro-
portion of cases with an average probability of visiting the Monfragüe BR (73.5% and 62.0%,
respectively). It therefore seems clear that those who value most highly the conservation of
the natural heritage of Monfragüe are not those who have the highest probability of visiting
it. Indeed, and apart from the average probabilities associated with scores of between
0 and 4 points (which are not considered in this analysis owing to their very low or zero
representation), the highest average probabilities of visiting Monfragüe are recorded among
those giving a score of 5 of 6 points, while the lowest average probabilities occur among
those who give a very high score (9 or 10 points). This apparent negative relationship
between the assessment of the conservation of the natural heritage and the probability of
visiting Monfragüe was found inferentially on calculating Pearson’s correlation coefficient
between both variables (−0.413) and the p-value associated with the hypothesis of the lack
of correlation between the same (p-value < 0.0001).

Table 7. The relationship between an assessment of the conservation of the natural heritage and the
estimated probability of visiting the Monfragüe BR.

Assessment % of the Total Sample Low Probability Average Probability High Probability
Mean Value of

Probability

0 0.0 0.0 0.0 100.0 0.4990
1 0.0 0.0 0.0 0.0 0.0000
2 0.1 0.0 0.0 100.0 0.4174
3 0.0 0.0 0.0 100.0 0.3707
4 0.2 0.0 60.0 40.0 0.3684
5 0.9 13.7 38.6 47.7 0.3486
6 3.5 5.4 52.4 42.2 0.3438
7 12.0 12.8 55.1 32.1 0.3236
8 32.5 15.2 53.5 31.3 0.3066
9 27.0 23.7 73.5 2.8 0.2870
10 23.7 38.0 62.0 0.0 0.2633

Source: own elaboration.

8. Discussion, Limitations, and Future Lines of Research

The various types of protection of the territory are becoming an interesting resource for
achieving sustainable management models for natural spaces by means of the development
of ecotourism.

The responsible management of these spaces allows for the generation of income both
to reinvest in the conservation of the natural resource itself and to generate employment and
wealth to allow for the mitigation of adverse effects on the territory such as depopulation
and the generation of territorial imbalances. It is for this reason that symbiosis between
tourism and protected natural areas is clearly necessary.

To ensure that these spaces can achieve their objectives, it is necessary to obtain
information on the profile of the tourist who is likely to practice this activity. Therefore, a
satisfactory segmentation of the market would help the managers of destinations to design
efficient strategy plans.

The starting point of this study is its objective of analyzing the probability that a
tourist visiting the region under consideration, Extremadura in Spain, will practice this
type of tourism based on a series of sociodemographic characteristics, the travel type,
and the assessment given by the tourist of the destination by means of the designing of a
logit model.
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The results achieved have allowed us to discover that the gender of the traveler, the
travel type, the accommodation chosen, and the level of assessment given by the tourist
concerning the conservation of the heritage are variables that may be used to segment the
market, as these characteristics influence the probability that a tourist visiting the region
will practice tourism in a nature reserve.

The results obtained show similarities to and discrepancies with those found by
previous research. For example, the greater preference of women for the practicing of this
activity coincides with the results obtained in various studies concentrating on analyzing
the profile of the tourist of natural spaces [6,94,95]. However, previous work shows a
discrepancy regarding the age variable to segment the market. The authors of [6,95] find in
their studies that there is a greater preference in middle-aged tourists for the carrying out
of this activity. However, both the study carried out by [94] and the results of our research
rule out age as a distinguishable variable of the profile of the tourist of natural spaces. It
would be interesting to find out the reasons for this discrepancy, i.e., whether it may be due
to characteristics of the destinations selected or if on the contrary age should be rejected as
a variable allowing the segmentation of the tourist of protected natural spaces.

In parallel to this conclusion, we detected two variables to which little attention has
traditionally been paid on segmenting the market for tourism of natural spaces in the exist-
ing literature, which are the travel type and the accommodation used; they have a strong
influence on the probability of practicing this type of tourism. To be precise, it is confirmed
that this type is strongly associated with family holidays and travel with a partner and
that these tourists show a greater preference for staying in non-hotel-type accommodation.
These characteristics must be considered by the managers of the destination with a view to
designing capture and development strategies in line with the preferences of the tourists.

Finally, based on the knowledge gleaned from previous studies, which propose as a
segmentation variable for tourism of natural spaces the seasonal component, the time of the
year when the visit is made, high season vs. low season, and the market of origin, whether
Spanish or foreign [6,94–96], the aim was to check the suitability of these characteristics
for segmenting the market. To do so, a structural change test was carried out to allow for
the analyzing of the influence of these factors by means of dividing the samples into two
subsamples to subsequently confirm the stability in the parameters of the model proposed.

The results obtained from this analysis confirm that there are no structural changes
depending on the tourist season (high or low), which demonstrates that this variable is
not suitable for segmenting this market. These results contrast with those of [94], who
found in their study on the nature tourism market of Norway that this variable was valid
for segmenting the market. This discrepancy may be due to the limitation of the market
in each of the studies, as the paper on Norway concentrates on nature tourism in a wide
sense, while our research focuses more on the tourism of nature reserves. If this is so, it
would be even more necessary to study the tourism of protected spaces as a market niche
within nature tourism, as differential characteristics are detected, which may be interesting
to consider. For its part, the market of origin of the tourist (Spanish or foreign) did not
show any discrimination capacity in the practicing of this activity either.

As was indicated at the beginning of this study, the results obtained by this research
help to take a closer look at knowledge of the profile of the tourist of natural spaces and in
their turn constitute a valuable tool for the management of the destination analyzed.

To conclude this study, its main limitation is that of the designing of the research
carried out, since as it is a case study some of the results obtained could be differentiated
characteristics of the destination studied and therefore might not be comparable to the
market of tourists of natural spaces. To overcome this limitation and as a future line of
research it would be interesting to replicate this methodology in other similar destinations
to reach conclusions that allow for the consolidation of knowledge on the niche of tourism
of nature reserves.
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