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Abstract: Delineating conservation priority areas for both preservation and restoration is essential for
developing adaptive ecosystem management strategies across production–living–ecological spaces
(PLES). This study developed a coherent framework with four steps: (1) mapping spatial distributions
of biodiversity and ecosystem services, (2) ranking the relative importance of ecosystems across
spaces, (3) delineating priority areas for preservation and restoration according to the human footprint
and priority ranks, and (4) contrasting with current conservation networks and overlapping with
PLES. This framework was applied in Ganzi, China, to delineate the preservation priority areas
(PPAs) of 8714.2 km2 and 11,308.1 km2, and restoration priority areas (RPAs) of 36,817.7 km2 and
63,578.4 km2 under the target to conserve 30% and 50% of territories, respectively. The priority
areas, including PPAs and RPAs, achieve higher conservation capacity than the current Ecological
Conservation Redline (ECR) in terms of biodiversity conservation or ecosystem service delivery.
Roughly 67% of PPAs, 40% of RPAs, and a total of 75% of large patches with high priority are covered
by ECR, indicating the necessity to adjust boundary and conduct restoration for ECR. As for PLES,
the conservation priority areas encompass proportionally more ecological space (67–76%) than ECR
(63.5%) or Ganzi (61.4%), implying the lower potential conflict between local residents’ production
and conservation, and meanwhile, new opportunities and challenges in sustainable development
in human-dominated spaces. The coherent framework to delineate PPAs and RPAs is flexible in
terms of threshold in human impact or ecological degradation and can be improved by considering
the complex relationships between indicators of biodiversity and ecosystem services. This study
highlights the importance of incorporating ecosystem features, land uses, and human activities
in developing different strategies according to different conservation purposes in the context of
sustainable development.

Keywords: biodiversity conservation; ecological conservation; ecosystem services; territorial space;
Zonation model

1. Introduction

Ecosystem degradation caused by anthropogenic disturbance and climate change
has seriously hindered the sustainable development of coupled human and natural sys-
tems [1,2]. Previous studies argued that ecosystem-based adaptative conservation, in-
cluding preservation and restoration, can contribute to achieving sustainable goals [3–5].
Early in 2010, the “Strategic Plan for Biodiversity 2011–2020” proposed clear goals (Aichi
Goal 11) to protect areas of special importance in biodiversity and ecosystem services [6].
The area-based conservation includes national parks, nature reserves, and other types
of protected areas [7]. However, increasing evidence suggests that even with a highly
favorable socio-economic environment and conservation efforts, biodiversity within some
protected areas continues to decline [7,8]. Therefore, the recent United Nations Decade for
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Ecosystem Restoration (2021–2030) calls for curbing ecosystem decline, repairing damaged
ecosystems, and protecting those still intact [9]. Institutions such as the International Union
for Conservation of Nature (IUCN) and Wildlife Conservation Society (WCS) have also set
ambitious goals to conserve at least 30% of the Earth’s land surface by 2030 [10,11]. The
above proposals will encourage more diverse and multi-targeted ecological preservation
and restoration projects at multi-scales [7,12].

Research has demonstrated that biodiversity is fundamental to the provision of most
ecosystem services, which, in turn, rely on biodiversity [13,14]. Consequently, the con-
servation of biodiversity and ecosystem services is crucial for attaining the most effective
conservation outcomes [15]. Typically, conservation efforts prioritize the preservation
of biodiversity [16–19]. Studies have shown that hotspots of biodiversity and those of
ecosystem services are not always spatially congruent [20,21]. Therefore, areas for pro-
tecting biodiversity, determined by the relative irreplaceability/vulnerability of species,
habitats, and ecosystems, as well as the ease of management and intervention [16,22], may
be questionable in maximizing the maintenance of ecosystem services, which have been
increasingly counted in delimiting protected areas [20,23,24]. In addition, most current
delineation of conservation priority areas focuses on preservation priority areas (PPAs),
while the concerns about restoration priority areas (RPAs) have just begun to increase in
recent years [9,15,25–28]. A feasible solution to the above problems is to simultaneously
identify priority areas for approaches of both preservation and restoration based on the
situations of both biodiversity and ecosystem services [15,29,30].

Previous ecological conservation mainly focused on natural ecosystems and their
elements, while in reality, ecological conservation across territorial space, including land
used by humans, is essential for achieving sustainable development [7,31,32]. Territo-
rial space is composed of ecosystems (mountains, rivers, forests, fields, lakes, grasslands,
deserts, oceans), human beings (cities, villages, roads, mines), and their interactions, and
thus has the composite spaces of production, living, and ecology with corresponding
functions [32–35]. Fu (2021) proposed three evolutionary stages, including coordinated
arrangement, systematic governance, and human–nature harmony, with increasing inte-
grations between humans and nature. For human–nature harmony, in addition to natural
ecosystems, human-dominated ecosystems (cities, farmlands, and industrial and mining
areas) should be incorporated in regional conservation planning, with an emphasis on eco-
logical restoration, which has evolved from natural to social sciences in definition [32,34,36].
Integrating conservation priority areas with PLES will help decision-makers develop
regional-specific plans to ensure the effectiveness of conservation actions [31,32].

In this paper, we developed a coherent framework to make spatially explicit delin-
eation of priority areas for both preservation and restoration in PLES, based on the relative
importance of biodiversity and ecosystem services and the level of human pressure. To
contrast the delineation of preservation and restoration under different conservation tar-
get scenarios and current ECR, we apply this framework for ecological preservation and
restoration planning in Ganzi Prefecture (hereafter Ganzi), southwest China.

2. Materials and Methods
2.1. Overview of the Study Area

Ganzi is located in the west of Sichuan Province and in the transition zone from the
southeast edge of the Qinghai Tibet Plateau to the Sichuan Basin. The region includes
18 counties, with a total area of 149,700 km2. The study area is a typical high-altitude
ecological fragile area with an average elevation of 3500 m and an elevational range of
6400 m. As the core area of the ecological barrier of the Qinghai Tibet Plateau and one
of the 35 biodiversity hotspots worldwide, this area has played an important role in
water resource supply, biodiversity preservation, carbon sequestration, and soil and water
conservation [37,38]. In recent years, with the impacts of climate change, urban expansion,
and tourism development, some ecosystems in the region have been severely disrupted.
Localized regions have witnessed a rise in soil erosion, and our previous field studies have
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revealed that woodland, grassland, and wetland ecosystems have suffered degradation.
The urgency of carrying out ecological conservation work is high, providing a good research
platform for identifying priority areas of preservation and restoration [39] (Figure 1).
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2.2. Coherent Framework for Delineation of Conservation Priority Areas

This coherent framework to delineate priority areas for preservation and restoration
mainly includes 4 steps (Figure 2):
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Figure 2. The coherent framework for delineating priority areas for preservation and restoration.

2.2.1. Selection of Ecosystem Indicators

Biodiversity and ecosystem services are the objects of preservation and restoration,
and mapping their spatial distribution characteristics is an important prerequisite for
ecological conservation [9,40]. Biodiversity includes genetic diversity, species diversity, and
ecosystem diversity, each of which has its own quantitative methods. Ecosystem services
are the benefits that humans receive from the ecosystem, including supply, regulation,
support, and culture. At geographic scales, the selection of indicators should fully consider
the dominant ecological functions and data availability of the studied area and make full
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use of multi-source data. In this study, we selected five indicators that have been extensively
used in ecosystem assessments and practices in Southwest China: species diversity, carbon
sequestration, water conservation, soil retention, and sandstorm prevention [27,37].

2.2.2. Ranking the Relative Importance of Ecosystems across Spaces

The ranking of each spatial unit is based on the evaluation score integrating measures
of species diversity, carbon sequestration, water conservation, soil retention, and sandstorm
prevention. There are currently several publicly available decision support systems for
spatial conservation planning. This study adopts Zonation [41], which is addressed in
Section 2.5.

2.2.3. Delineating Priority Areas for Preservation and Restoration According to the Human
Footprint and Priority Ranks

The conservation target, the proportion of conserved areas to the total area, can be set
with reference to global/regional conservation objectives [7,9,42] and the local situation in
the study area. For each spatial unit, the higher the evaluation score in biodiversity and
ecosystem services, the more likely it is to be selected as the priority area for ecological
conservation. The major ecological strategies (preservation or restoration) for each spatial
unit within the priority area can be determined by the intensity of human interference
(e.g., human footprint). The spatial units experiencing no or low human interference are
delineated into preservation priority areas and those with intensive human activities into
restoration priority areas [9].

2.2.4. Contrasting with Current Ecological Conservation Redline (ECR) and Overlapping
with Production–Living–Ecological Spaces (PLES)

By contrasting the conservation priority areas delineated through this method with
those identified by the existing Ecological Conservation Redline (ECR), we can gain valuable
insights that will inform potential refinements to the ECR boundaries. Previous studies
have focused on conservation within ecological spaces, while in reality, there are also
many ecologically important land units within production and living spaces that need
to be protected or restored. In order to approach harmony between humans and nature,
conservation can no longer be limited to ecological space, and the spaces for production and
living also need to be considered [31,32,34]. In this study, we have drawn upon the recent
publication [35] and utilized land use data to recreate the production–living–ecological
spaces (PLES) dataset for Ganzi.

2.3. Assessing the Importance of Biodiversity Conservation

In this study, to enhance the representativeness of different taxonomic groups, we
used the current range data of species in the IUCN Red List (data from seven out of the
nine categories were included). These data were employed to obtain a raster map showing
the number of species potentially present in each cell. We selected amphibians (42 species),
mammals (165 species), and birds (392 species) since their distribution data are sufficient for
spatial assessment of biodiversity conservation importance [43]. Compared with birds, the
numbers of species in amphibians and mammals are evidently lower; thus, directly adding
species numbers from each taxonomic group for each spatial unit would underestimate
the contribution of amphibians and mammals to regional species diversity. Therefore, we
normalized the species richness of each group to between [0, 1] and then summed them up
to characterize the importance of biodiversity conservation [44].

2.4. Assessing the Importance of Ecosystem Services
2.4.1. Carbon Sequestration

The carbon sequestration capacity of terrestrial ecosystems has a strong climate mit-
igation potential [45]. We quantified the carbon sequestration capacity of the study area
in terms of potential carbon stocks, taking into account the uncertainties of multi-step,
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regionally based carbon stock assessments [46]. This study uses a potential carbon stock
dataset containing above-ground biomass, below-ground biomass, and soil organic matter,
which was developed for global terrestrial ecosystems with a higher degree of accuracy [47].

2.4.2. Water Conservation

Freshwater supply is an important factor for sustaining human development and,
thus, a key ecosystem service in the study area. In this study, water yield was used to
quantify the water conservation capacity of the study area, and water yield was calculated
using the “Water yield” module of the InVEST model as follows:

YX =

(
1 − AETX

PX

)
× PX (1)

where YX denotes the annual water production of grid cell x; AETX denotes the annual
actual evapotranspiration of grid cell x; and PX denotes the annual precipitation of grid
cell x.

2.4.3. Soil Retention

Soil retention is one of the fundamental ecosystem services, which represents the
difference between potential and actual soil erosion. In this study, the generalized soil loss
equation (RUSLE) was applied to quantify the soil retention capacity (SR) in the study area
as follows:

SR = SCP − SCr = R × K × LS × (1 − C) (2)

where SCp and SCr are potential and actual soil erosion (t·hm−2), respectively; R is the
rainfall erosivity factor (MJ·mm/hm2·a); K represents the soil erodibility factor (t·hm2·a/MJ
hm2·mm); LS is the slope length and steepness coefficients (dimensionless); C is the vegeta-
tion cover factor (dimensionless); and R, K, C and LS parameters have been shown in the
equation of calculation in a previous study [48].

2.4.4. Sandstorm Prevention

Sandstorm prevention is one of the important ecosystem services in the Tibetan Plateau
region. In this study, we applied the USDA’s Modified Wind Erosion Equation (RWEQ),
which is a relatively simple model that has been widely used to assess sandstorm prevention
at a large scale [49]. The model calculation is as follows:

SP = SLP − SLr (3)

Qmaxp = 109.8 ×
[
WF × EF × SCF × K′] (4)

Sp = 105.7
[
WF × EF × SCF × K′]−0.3711 (5)

SLp =
2z

S2 p
Qmaxpe−(z/sp)

2
(6)

Qmaxr = 109.8 ×
[
WF × EF × SCF × K′ × C

]
(7)

Sr = 105.7
[
WF × EF × SCF × K′ × C

]−0.3711 (8)

SLr =
2z
S2 Qmaxre−(z/sr)

2
(9)

where SLP and SLr represent potential and actual wind erosion (kg·m−2), respectively;
Qmaxp and Qmaxr are maximum transport capacities (kg·m−1); Sr and Sp are critical site
lengths (m); Z is the distance from the upwind edge of the site (m); WF is the weather factor
(kg·m−1); and EF, SCF, K′, and C are the erodible soil fraction, the soil crust factor, the
surface roughness factor, and the combined cropping factor (dimensionless), respectively.
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2.5. Spatial Ranking of Ecological Conservation Priority

In this study, the ecological spatial prioritization of each grid was calculated using the
Zonation model, which can utilize information from multiple input features to generate
a prioritization of the entire study area. Zonation produces prioritization orders for all
units in the entire study area [50,51]. It iteratively ranks grid cells based on the value of
their different characterization factors and, at each step, removes the units that result in the
least marginal loss of overall value. In this process, called the Zonation meta-algorithm,
the units removed first receive the lowest rankings, and the units removed last receive the
highest rankings. Zonation allows us to seamlessly combine Eigenfactor data at a uniform
spatial resolution, while the quantitative features of the prioritized maps generated can be
exported in the form of a performance curve to be evaluated [41].

We normalized the values of biodiversity conservation and each ecosystem service to
between 0 and 1 using the Max–Min method. The same weight was assigned to the five
indicators, and the “Additional Benefit Function (ABF)” unit removal rule was chosen in
Zonation. Finally, Zonation calculates the ecological priority ranks of Ganzi. Based on the
Global Biodiversity Framework’s ambitious goal of ensuring the conservation of 30% of
the Earth’s land surface by 2030 and the call to protect 50% of the terrestrial biosphere by
2050 [42,52], we selected areas in the top 30% and top 50% of the ecological spatial priority
for ecological conservation priority.

2.6. Delineating Priority Areas for Preservation and Restoration

Within the conservation priority areas (top 30% or 50%) determined in the previous
process, whether a habitat receives comprehensive preservation or systematic restoration
depends on the pressure of human disturbance. The human footprint (HFP) represents the
accumulated human pressure on the environment and thus is highly suitable for large-scale
analyses due to its global completeness and high resolution. We used a 2020-updated
human footprint dataset [53], which utilizes eight variables representing human pressures
(built environments, population density, nighttime light, croplands, pasture lands, road-
ways, railways, and navigable waterways) to generate human footprint scores ranging
from 0 to 50. Each cell has a value that represents the recent impact of human activities
on the ecosystems, with larger values indicating a greater negative impact. Based on
previous research and experiences [54–56], we applied two categories of HFP, “no or low
disturbance” (HFP ≤ 4) and “moderate or high disturbance” (HFP > 4).

We applied these two categories of HFP to spatially overlay the conservation priority
areas and defined the areas with no or low disturbance as PPAs and the areas with moderate
or high disturbance as RPAs.

2.7. Comparing Conservation Capability under Different Scenarios and with Ecological
Conservation Redline (ECR)

To test whether the conservation priority areas obtained by this approach have evident
advantages in protecting biodiversity and ecosystem services, we calculated the proportion
of species diversity, soil retention, carbon sequestration, water conservation, and sandstorm
prevention in the priority areas for preservation and restoration. The ECR policy formulated
in China identifies areas characterized by high biodiversity, vital ecological functions, or
significant ecological sensitivity, which collectively form the vector range of the ECR. It is
anticipated that the implementation of the ECR system will involve ongoing refinement
of the ECR’s scope. By comparing the outcomes of various scenarios with the existing
conservation capabilities of the ECR in biodiversity and ecosystem services, we can gain
insights that will be instrumental in further refining the ECR’s extent.

2.8. Overlapping Conservation Priorities with the Production–Living–Ecological Spaces (PLES)

The priority areas for preservation and restoration under different scenarios were
overlayed with the PLES, and the areas in need of preservation and restoration in each space
were delineated, respectively. On this basis, it is feasible to propose targeted preservation
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and restoration measures; for instance, preservation and restoration measures for farmland
are quite different from those for mining areas, although they are both in production space.

2.9. Data Sources

The data used in this study mainly include species diversity, meteorology, soil proper-
ties, land use type, DEM, and NDVI. The above data were preprocessed in ArcGIS 10.2,
including the outlier elimination, uniform projection, interpolating, and uniform resolution
to 1 km × 1 km raster image size. The data sources and detailed information are shown in
Table 1.

Table 1. Data sources used in the present study.

Data Sources Resolution

DEM geospatial data cloud (www.gscloud.cn, accessed on 3 June 2023) 30 m

land use/cover WorldCover (www.esa-worldcover.org, accessed on 3 June 2023) 10 m

Vegetation coverage Institute of Remote Sensing and Digital Earth, Chinese Academy of
Sciences (www.ecosystem.csdb.cn, accessed on 4 June 2023) 250 m

Annual rainfall erosivity, precipitation,
and evapotranspiration

Chinese Ecosystem Research Network (www.nesdc.org.cn,
accessed on 4 June 2023) 250 m

Ecological Conservation Redline data Ganzi Bureau of Natural Resources and Planning NA

Production–living–ecological space

Spatial-temporal distribution of global production–living–ecological
space during the period 2000–2020

(https://doi.org/10.1038/s41597-023-02497-1, accessed on
3 June 2023)

1 km

Soil dataset Second National Soil Survey of China (www.soili.nfo.cn, accessed on
3 June 2023) 1 km

Wind speed Global Surface of Daily Meteorological Data produced by the
National Center for Environmental Information (NOAA) NA

Species richness data
(mammals and amphibians)

International Union for Conservation of Nature
(www.iucnredlist.org/resources/spatial-data-download, accessed on

3 June 2023)
NA

Bird richness data Shifts in bird ranges and conservation priorities in China under
climate change (https://doi.org/10/gsrsn6, accessed on 4 June 2023) 500 m

Snow depth National Tibetan Plateau/Third Pole Environment Data Center 0.25◦

NA means not applicable.

3. Results
3.1. Spatial Distributions of Species Diversity and Ecosystem Services

There are high mismatches among species diversity, soil retention, carbon sequestra-
tion, water conservation, and sandstorm prevention (Figure 3a–e). The areas with high
species diversity, determined by species richness of birds, mammals, and amphibians, are
concentrated in the low-altitude valleys in the south. The ability of ecosystem carbon
sequestration, including above- and below-ground biomass and soil organic matter, is high
in the southeastern mountain forests and northern plateau grasslands. The areas with a
high ability for both water conservation and soil retention are mainly located in the eastern
mountains, which are covered by evergreen forests. The areas with high sand prevention
are in the central and northern regions with expansive plateau grasslands.

www.gscloud.cn
www.esa-worldcover.org
www.ecosystem.csdb.cn
www.nesdc.org.cn
https://doi.org/10.1038/s41597-023-02497-1
www.soili.nfo.cn
www.iucnredlist.org/resources/spatial-data-download
https://doi.org/10/gsrsn6
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3.2. Spatial Ranking in Ecological Conservation Priority

Based on the spatial distributions of indicators for biodiversity and ecosystem services,
the spatial ranking value of each grid produced by the Zonation model is high in the north-
ern, east-central, and southeastern regions of Ganzi (Figure 3f). This map of priority rank
can be paired with the performance curves, which quantify the increases in feature coverage
with the increment of areas added from high to low priority (Figure 4). The overall increase
rates in coverage with the proportion of conserved area differ among biodiversity and
ecosystem services, higher for sandstorm prevention capacity and soil retention capacity
and lower for species diversity, water conservation, and carbon sequestration capacity. The
initial rate of increase in coverage reflects the capacity of high-ranking areas to conserve
disproportionate high ecological priority units.
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3.3. Priority Areas of Preservation and Restoration under Different Scenarios

In the total study area, the area distribution of different human footprint levels is
basically normal; the area at the medium level (HFP 4–8) is the largest (49.6%, Table 2).
Under the conservation target of 30%, the area of 45,531.9 km2 with the highest ecological
importance is determined as the conservation priority, which is further delineated as the
preservation priority areas (PPAs, 8714.2 km2, 19.1%) and the restoration priority areas
(RPAs, 36,817.7 km2, 80.9%) according to human footprint level (HFP ≤ 4 or HFP > 4).
PPAs and RPAs account for 5.7% and 24.3% of the total area of Ganzi and jointly account
for 44.5% of the ECR area, which cover most of PPAs (5782.5 km2, 66.4%), while only 39.3%
of RPAs (14,463.9 km2). Under the conservation target of 50%, half of Ganz (74,886.6 km2)
with the highest ecological importance is determined as the conservation priority (PPAs,
11,308.1 km2, 15.1% vs. RPAs, 63,578.4 km2, 84.9%). PPAs and RPAs account for 7.5% and
42.3% of the total area of Ganzi and jointly account for 45.4% of the ECR area, which covers
68.0% of PPAs (7686.0 km2) and 41.1% of RPAs (26,349.9 km2) (Table 3; Figure 5). Compared
with PPAs, there are more large continuous patches (>10 km2) within RPAs, and more of
them are included in the ECR (Table 3).

Table 2. The basic statistics of conservation priority areas and their human footprint level (HFP)
under targets of 30% and 50%.

Conservation
Approaches

Human
Footprint

Level

Target 30% Target 50% Ganzi

Area
(km2)

Proportion
(%)

Area
(km2)

Proportion
(%)

Area
(km2)

Proportion
(%)

Preservation (0, 1] 80.2 0.2 126.7 0.2 146.3 0.1
Priority (1, 2] 468.8 1.0 614.0 0.8 782.2 0.5
Areas (2, 4] 8165.2 17.9 10,567.4 14.1 17,314.0 11.6
(PPAs) Subtotal 8714.2 19.1 11,308.1 15.1 18,242.5 12.2

Restoration (4, 8] 22,572.9 49.6 37,892.7 50.6 74,286.8 49.6
Priority (8, 16] 11,766.9 25.8 21,928.2 29.3 49,482.7 33.0
Areas (16, 50] 2477.8 5.4 3751.1 5.0 7753.8 5.2
(RPAs) Subtotal 36,817.7 80.9 63,572 84.9 131,523.3 87.8

Total 45,531.8 100.0 63,572.0 100.0 149,765.8 100.0
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Table 3. The basic statistics of conservation priority areas and their overlap with the Ecological
Conservation Redline (ECR) under targets of 30% and 50%.

Indicators
Target 30% Target 50%

PPAs RPAs Total PPAs RPAs Total

Proportion of Ganzi (%) 5.7 24.3 30.0 7.5 42.3 50.0
Area (km2) 8714.2 36,817.7 45,531.9 11,308.1 63,578.4 74,886.6

Number of large patches 108 200 308 143 395 538
Area within ECR (km2) 5782.5 14,463.9 20,246.4 7686.0 26,349.9 34,035.9

Proportion of area in ECR (%) 66.4 39.3 44.5 68.0 41.4 45.4
Number of large patches in ECR 62 169 231 89 302 391

Proportion of large patches in ECR (%) 57.4 84.5 75.0 62.2 76.5 72.7
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Figure 5. Preservation priority areas (PPAs) and restoration priority areas (RPAs) under the conserva-
tion target of (a) 30% and (b) 50%.

3.4. The Capability of Conservation Priority

The ECR area of 69,761.6 km2 accounts for 46.6% of the total area of the Ganzi Prefec-
ture. The conserved percentage of species diversity (39.3%) and soil conservation (45.2%) is
lower than the proportion of redline area, in contrast with those of carbon storage (47.4%),
water conservation (48.9%), and sandstorm prevention (51.1%). The average conservation
capacity of targets 30% and 50% is higher than the ECR, and the conservation capacity of
sandstorm prevention capacity is the highest, while the conservation capacity of carbon
sequestration is the lowest. In contrast to 50%, the 30% conservation target has higher
conservation capacity per unit area because the overall level of ecological importance of
the selected areas is higher (Figures 4–6).



Sustainability 2024, 16, 4327 11 of 20

Sustainability 2024, 16, x FOR PEER REVIEW 11 of 20 
 

3.4. The Capability of Conservation Priority 

The ECR area of 69,761.6 km2 accounts for 46.6% of the total area of the Ganzi Prefec-

ture. The conserved percentage of species diversity (39.3%) and soil conservation (45.2%) 

is lower than the proportion of redline area, in contrast with those of carbon storage 

(47.4%), water conservation (48.9%), and sandstorm prevention (51.1%). The average con-

servation capacity of targets 30% and 50% is higher than the ECR, and the conservation 

capacity of sandstorm prevention capacity is the highest, while the conservation capacity 

of carbon sequestration is the lowest. In contrast to 50%, the 30% conservation target has 

higher conservation capacity per unit area because the overall level of ecological im-

portance of the selected areas is higher (Figures 4–6). 

 

Figure 6. Total conservation of species diversity and ecosystem services under the current Ecological 

Conservation Redline (ECR), the 30% conservation target and the 50% conservation target. 

3.5. The Overlap of Conservation Priority Areas with PLES 

The area of production, living, and ecological space in Ganzi is 57,468.3 km2, 219.9 

km2, and 92,077.6 km2, accounting for 38.4%, 0.2%, and 61.4%, respectively. The ECR 

mainly consists of ecological space (44,310.3 km2, 48.1%) and production space (25,449.0 

km2, 44.3%) (2.3 km2, 0.003%) (Table 4). In terms of the proportion of Ganzi, targets 30% 

and 50% cover more ecological space (37.2% and 56.0%) and living space (35.1% and 

47.8%) than production space (19.5% and 40.5%), respectively. The majority of conserva-

tion priority areas are occupied by ecological space (75.2% and 68.8%) and production 

space (24.7% and 31.0%), and the proportion of living space is very low (0.2% and 0.1%). 

For PPAs, the proportions of each space under the targets 30% and 50% are similar, while 

for RPAs, 30% is targeted, which encompasses more ecological space (75.1% vs. 67.4%) 

and less production space (24.7% vs. 32.5%) than the 50% target (Table 5; Figure 7). 
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Conservation Redline (ECR), the 30% conservation target and the 50% conservation target.

3.5. The Overlap of Conservation Priority Areas with PLES

The area of production, living, and ecological space in Ganzi is 57,468.3 km2, 219.9 km2,
and 92,077.6 km2, accounting for 38.4%, 0.2%, and 61.4%, respectively. The ECR mainly
consists of ecological space (44,310.3 km2, 48.1%) and production space (25,449.0 km2,
44.3%) (2.3 km2, 0.003%) (Table 4). In terms of the proportion of Ganzi, targets 30% and 50%
cover more ecological space (37.2% and 56.0%) and living space (35.1% and 47.8%) than
production space (19.5% and 40.5%), respectively. The majority of conservation priority
areas are occupied by ecological space (75.2% and 68.8%) and production space (24.7%
and 31.0%), and the proportion of living space is very low (0.2% and 0.1%). For PPAs, the
proportions of each space under the targets 30% and 50% are similar, while for RPAs, 30% is
targeted, which encompasses more ecological space (75.1% vs. 67.4%) and less production
space (24.7% vs. 32.5%) than the 50% target (Table 5; Figure 7).

Table 4. The basic statistics of production–living–ecological spaces (PLES) and their overlaps with
the Ecological Conservation Redline (ECR).

Categories
Ganzi The Ecological Conservation Redline The Proportion of

ECR to Ganzi (%)Area (km2) Proportion (%) Area (km2) Proportion (%)

Production space 57,468.3 38.4 25,449.0 36.5 44.3

Living space 219.9 0.2 2.3 0.0 1.0

Ecological space 92,077.6 61.4 44,310.3 63.5 48.1

Total 149,765.8 100.0 69,761.6 100.0 46.6
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Table 5. The basic statistics of the overlap between production–living–ecological spaces and the
preservation priority areas (PPAs) or restoration priority areas (RPAs).

Categories Indicators
Target 30% Target 50%

PPAs RPAs Total PPAs RPAs Total

Area in conservation
priority areas (km2)

Production space 2127.1 9090.8 11,217.9 2610.4 20,637.1 23,247.5

Living space 0.0 77.1 77.1 0.0 105.1 105.1

Ecological space 6587.1 27,649.8 34,236.9 8697.7 42,836.1 51,533.8

Proportion in
conservation

priority areas (%)

Production space 24.4 24.7 24.6 23.1 32.5 31.0

Living space 0.0 0.2 0.2 0.0 0.2 0.1

Ecological space 75.6 75.1 75.2 76.9 67.4 68.8

Proportion in Ganzi
PLES (%)

Production space 3.7 15.8 19.5 4.5 35.9 40.5

Living space 0.0 35.1 35.1 0.0 47.8 47.8

Ecological space 7.2 30.0 37.2 9.4 46.5 56.0
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Figure 7. Spatial distribution of the production–living–ecological spaces (PLES) within PPAs and
RPAs under the target of (a) 30% and (b) 50%.

4. Discussion
4.1. The Importance of Distinguishing Priority Areas Separately for Preservation and Restoration

Restoration and preservation differ in terms of goals, approaches, ecological impacts,
long-term sustainability, and ecosystem management applications [15,57–59]. Restora-
tion aims to restore degraded, damaged, or destroyed ecosystems through active human
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intervention, with a focus on restoring ecosystem elements and dynamic processes [57],
and may take considerable time and financial investment to conduct basic revegetation
and remediation of pollutants [60]. Preservation, on the other hand, attempts to preserve
intact habitats and the biodiversity and ecosystem services therein [13,59], and one of the
main strategies is to establish protected areas [59,61]. For ecosystem management, the
relative priority of preservation and restoration depends on their cost, benefit, and the
different time lags inherent in the two actions [15,26,40]. In practice, preservation and
restoration are often used as complementary tools for ecosystem management, and both are
key components of conservation strategies aimed at optimizing biodiversity conservation
or ecosystem service delivery [15,40]; there is an increasing interdisciplinary trend in the
literature [58]. By overlaying the maps of comprehensive ecosystem importance, ECR,
and human footprint, our approach integrates ecological, social, and economic factors
simultaneously to determine preservation and restoration priority areas and provides a
practical approach to guide ecological management at the regional scale [19,30].

Zonation [41] was used to rank all spatial units in the study area based on biodiversity
and ecosystem services. This method has several advantages, including robustness to
different ranges of values across input layers, excellent performance at 1 km resolutions,
and an iterative process to rank all units through an iterative process during which the
cumulative conservation value of the remaining units is calculated when one cell is ex-
cluded [30,41]. The final output of this procedure is an optimized map with units sorted
according to relative priority values. Zonation allows us to obtain a synergistic and ben-
eficial conservation plan in terms of cost and efficiency by considering the interaction of
biodiversity and ecosystem services [41,62,63].

The application of different conservation targets provides insightful clues for adaptive
conservation in the future [64]. According to the ecological importance of the study area
in the world and China, this study adopted the target of 30% and the aggressive target
of 50% (slightly higher than the ECR). Under both targets, the results show that less than
half of the conservation priority areas are covered by the ECR. This is, of course, related to
the technical differences between the current study and ECR, which takes the ecologically
vulnerable areas into consideration. However, it is worth noting that only slightly more
than 2/3 of PPAs are included in the ECR; meanwhile, the proportion of large patches
(>10 km2) in the ECR is less than 70%. In addition, the results show that many ecologically
important areas are facing high human stress. For instance, RPAs account for more than
80% of the total conservation priority areas under both targets, of which about 40% are
within the ECR. It can be inferred that, except for preservation, ecological restoration is also
an indispensable countermeasure for ecological conservation for ECR. All the results can
provide important information for improving the rationale of ECR.

The use of human footprint level reflects the impact of humans in delineating prior-
ity areas for preservation and restoration, which facilitates the development of adaptive
preservation and restoration strategies [53,65,66]. Human footprints aim to capture specific
impacts of human activities on the natural environment and can be positioned within the
spectrum of known environmental problems and control variables of planetary bound-
aries [65]. This indicates that human footprint level could be very useful for conservation,
especially restoration. Although the human pressure index adopted in this paper is HFP,
other indicators can also be used, such as the indices of ecological degradation [67]. Mean-
while, the priority areas for preservation and restoration can be further identified according
to the levels of human stress and ecological degradation. This helps governors to formulate
reasonable preservation and restoration strategies, avoiding “excessive restoration” to save
social–economic resources and ensuring the long-term efficiency of conservation. Exces-
sive restoration here refers to restoration efforts that go beyond the necessary or ethical
boundaries, potentially leading to unnecessary costs and challenges. One can apply a much
higher HFP value > 8 to conservation priorities in ecological space to produce conservative
RPAs, which would be much smaller than that in the current study.
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4.2. Implications for Systematic Conservation in Production–Living–Ecological Spaces (PLES)

Delineating the territorial space of ecosystems and their interactions into PLES is
of great importance for systematic conservation and, thus, sustainable development of
coupled human–nature systems [32,34,35,43]. Previous studies have shown that human-
dominated ecosystems play important roles in biodiversity conservation and ecosystem
services [31,38,56]. Production space refers to the land for agricultural, industrial, and
commercial activities; living space refers to the land for urban and rural human settlement;
and ecological space refers to the land for regulating, maintaining, and ensuring ecological
security [32,34,35]. Identification of priority areas for preservation and restoration across
PLES can help decision-makers develop space-specific plans to ensure the effectiveness
of conservation efforts [32,33]. Therefore, recognizing that biodiversity and ecosystem
services in production and living spaces are equally in need of conservation is important for
achieving harmony between man and nature, which can only be achieved if we put humans
back into the ecosystem, setting humans and nature as one entity, regarding mankind as
part of nature. Therefore, overlaying the priority areas with the current production–living–
ecological spaces can provide important clues for specific measures of preservation and
restoration [32,34,35,37,68].

Our results show that the conservation priority areas with high ecological impor-
tance are not limited to ecological space but also in some production and living spaces.
First, the proportion of production space reached 1/4 or more under either the targets
30% or 50%, especially within RPAs. The production space in Ganzi is mainly animal
husbandry and agriculture, which are the major domains that will carry out preservation
and restoration via sustainable development in the future [69,70]. Sustainable animal
husbandry in alpine grasslands has environmental benefits such as improved nutrient
cycling and increased biodiversity. Meanwhile, challenges such as increased workloads
and financial constraints need to be addressed. Best practices include but are not limited
to optimal stocking rates [67,71], integrated crop–livestock systems [72], and soil nutrient
management [73]. Sustainable agriculture in mountain areas like Ganzi faces a shift from
maintenance-oriented staple cereals to more intensive, diversified, and integrated forage
crop–livestock systems. Combining traditional agricultural practices, such as highland
barley with forestry and animal husbandry, can be adapted to promote sustainability [70].
This puts forward high requirements for adjusting development policies and strategies,
rational and effective utilization of resources, strengthening supervision of arable land
occupation, and ensuring regional food security. Secondly, compared with the ECR, the
absolute area and relative proportion of production space under the 50% target scheme
are lower, which, to a large extent, reduces the potential conflict between local residents’
production and ecological preservation or restoration. In addition, both targets of 30%
and 50% identify more than 2000 km2 of living space in conservation priority areas, which
provides an ideal space for the development of low ecological impact livestock and agri-
culture. Finally, although the absolute area is small, the living space with high ecological
importance in Ganzi, including towns and villages, has a considerable proportion of RPAs.
The ecological restoration under the premise of improving livability is worth studying.

In summary, there should be differences in the ways of preservation and restoration
among PLES. The conservation objectives, ways, and concrete measures of the three types
of space should be different [32]. The preservation and restoration of cultivated land in the
production space should consider the conservation of ecosystem services and biodiversity
on the basis of maintaining basic productivity. The ecological preservation and restoration
of urban and town living spaces should meet the needs of current human activities and
future development. The preservation and restoration of natural ecosystems is mainly
aimed at the conservation of native vegetation, flora, fauna, and ecosystem services.

4.3. Application in Ecological Preservation and Restoration Planning

This study proposes a four-step coherent framework to delineate priority areas for
both preservation and restoration while improvements can still be made for application.
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Future work following this framework could consider complex relationships between
biodiversity and ecosystem services. High levels of biodiversity are generally associated
with high-quality and stable ecosystem services, indicating a synergistic relationship be-
tween biodiversity and ecosystem function [63]. Biodiversity loss is predicted to have
significant impacts on ecosystem services as ecosystem services emerge from complex
interactions between ecosystems, people, and technology [63,74]. In addition, there are also
trade-offs and synergies between ecosystem services, and the relationship between biodi-
versity and ecosystem services varies across different spatial and temporal scales [63,74,75].
Integrating biodiversity, ecosystem function, and ecosystem service modeling can enhance
policy development to meet sustainability goals [63]. For application, different weights
can be assigned to each indicator of biodiversity and ecosystems according to the main
ecological function in the study area so as to achieve the ecological conservation objectives
in different regions [76].

The multifunctionality of the landscape may be used as the basis for delineating eco-
logical preservation and priority areas in the future. Multifunctional landscapes involve
diversified land use and complex landscape structures, catering to various stakeholder
interests and providing a diverse set of goods and services [77,78]. Landscape multifunc-
tionality contributes to sustainable development by improving regional human well-being
but faces challenges such as vague concepts, rough measurement methods, and a lack of
practical application [77,79–81]. Achieving landscape multifunctionality and sustainabil-
ity requires deep system changes, collaboration between stakeholders, and the transition
toward more sustainable land management practices [78]. Linking the concept of multifunc-
tionality with the ecosystem services approach offers a promising avenue for producing
scientific evidence to inform landscape planning, including ecological preservation and
restoration [75,79,82].

A multi-phase evaluation should be carried out, and the spatial priority of the inter-
ested area should be reclassified accordingly; thus, the preservation and restoration priority
areas should be dynamically adjusted. Regular assessment can find the problems existing
in the ecosystem in a timely manner, supplement and update the existing conservation
systems to ensure the accuracy and effectiveness of practices, and promote the development
of the regional ecosystem towards upgrading or maintaining biodiversity and ecosystem
services [83].

5. Conclusions

Human–nature harmony can only be achieved if we put people back into the ecosys-
tem, unite people with nature, and treat people as part of nature. The production–living–
ecological spaces (PLES) of the territory and the conservation priority areas for both
preservation and restoration provide a crucial platform for developing adaptive ecosystem
management strategies. This study developed a coherent framework to delineate priority
areas for preservation and restoration across PLES with four steps: (1) mapping spatial
distributions of biodiversity and ecosystem services, (2) ranking the relative importance of
ecosystems across spaces, (3) delineating priority areas for preservation and restoration
according to the human footprint and priority ranks, and (4) contrasting with current
conservation networks and overlapping with PLES.

The framework was implemented in Ganzi, China, and the findings reveal that the
areas of high biodiversity and ecosystem service hotspots do not overlap spatially. The
regions with high conservation importance are predominantly located in Shiqu County, as
well as in eight counties in Southeastern Ganzi (Xinlong, Luhuo, Daofu, Danba, Kangding,
Yangjiang, Luding, and Jiulong).

Aiming to conserve 30% of the land area of Ganzi, this study delineated PPAs covering
8714.2 km2 and RPAs covering 36,817.7 km2. Additionally, under the objective of conserving
50% of the land area, PPAs were delineated to encompass 11,308.1 km2, and RPAs to cover
63,578.4 km2. The delineation of PPAs and RPAs offers valuable reference information for
developing ecological conservation strategies in Ganzi. Within PPAs, it is recommended
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to minimize engineering interventions to leverage the natural recovery capabilities of
ecosystems. Conversely, in RPAs, tailored auxiliary measures should be implemented
according to local conditions to aid in the restoration of degraded ecosystems.

Upon comparing the priority areas under 30% or 50% conservation targets established
in this study with the existing Ecological Conservation Redline (ECR) delineated under
current policy, it is evident that the areas identified in this research can serve as a foundation
for refining the existing ECR. By integrating the delineation outcomes of this study with the
PLES of Ganzi, it was observed that numerous ecologically significant areas persist within
human-dominated production and living spaces. This finding underscores the importance
of implementing urban eco-environmental conservation measures and highlights the ne-
cessity of developing sustainable agriculture and animal husbandry practices as integral
components of ecosystem conservation.

Despite its contributions, this research is not without its constraints. The socio-
economic challenges in Ganzi present significant obstacles to conservation efforts. The
precision of the delineation and the practical application of this study could be enhanced
with the availability of detailed data at local scales. Furthermore, the choice of charac-
terization factors and the allocation of their weights should be adaptable to the specific
conditions and objectives of the study area. In this work, we treated all characterization
factors equally and assigned them equal weights, primarily because each aspect of bio-
diversity and ecosystem services in Ganzi is deemed to be of roughly equal significance.
However, it is important to note that altering the selection of characterization factors and
their weight distribution can lead to different outcomes. This flexibility in adjusting char-
acterization factors and their weights could be particularly useful when there is a need to
balance and negotiate among various ecosystem services. Future studies should explore
the applicability of the proposed framework in diverse regions with varied ecosystems to
establish a more universally applicable approach.
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