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Editorial

Forest Recreation and Landscape Protection
Radu-Daniel Pintilii 1,2,3

1 Department of Human and Economic Geography, University of Bucharest, 1, Nicolae Bălcescu Avenue,
010041 Bucharest, Romania; pinty_ro@yahoo.com

2 Research Center for Integrated Analysis and Territorial Management, University of Bucharest,
4-12, Regina Elisabeta Avenue, 030018 Bucharest, Romania

3 Section of Life, Environmental and Earth Sciences, Research Institute of the University of Bucharest (ICUB),
90, Panduri Street, 050663 Bucharest, Romania

1. Introduction

Forests, which are viewed as an important natural resource for humanity, have been
constantly threatened with degradation or even extinction since the dawn of the modern
period. Landscape protection, especially forest conservation, represents an important
research topic of the last century. While forest recreation focuses on forests as the main
destinations for public recreational activities, landscape protection refers to the conser-
vation, development, and restoration of natural beauties. Urban and peri-urban forests
have become places for recreational activities of populations living in big cities all over
the world. The lack of green spaces is always felt by modern society within its current built
environments. In recent years, demands for forest recreation activities have been increasing
both in volume and in diversity. In some areas, predominantly rural ones, the forest acts
as a site for the seasonal collection of berries and mushrooms (non-timber forest products,
NTFPs), which are integrated into rural life as key social activities. Additionally, landscape
protection measures have been imposed during the last two or three decades due to the
immense, adverse human effects on all the landscape components. Landscape protection
is imperatively required due to the development of human settlements over the last few
decades, which may be viewed as a forceful and constant expansion. It is imposed not
only for scientific and ecologic reasons but also for social and cultural ones, and this is why
the driving mechanisms for managing forests in the future should be better understood.

2. The Methodology Used in the Papers of the Special Issue
2.1. Study Areas

The origins of the studies presented the papers of this Special Issue cover a large
selection of countries (Figure 1), which encompass the three continents (Asia, Europe, and
Oceania) and have different natural and socio-economic conditions, as reflected in their cli-
mates and microclimates, vegetation (a repartition of plant species), air quality (pollution),
and different profiles of economic activities (agricultural, industrial, or services, including
tourism and recreational activities). There are two papers that focus on large areas, encom-
passing the countries around the Mediterranean Sea [1,2]. The other papers cover smaller
areas, such as islands (Sulawesi in Indonesia [3], New Zealand in Oceania [4]), countries
(China, South Korea, and Taiwan [5,6]), or even smaller areas, such as mountains (Moravian
Karst Plateau in the Czech Republic and Plitvice Lakes National Park in Croatia) [7,8],
or cities (Warsaw in Poland and Xi’an in China) [9,10].
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Figure 1. Study areas of the papers in this Special Issue (left: paper number, according to the
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2.2. Data Acquisition and Processing

Authors used data obtained from diverse sources, with the data providers including
official authorities [3,9,10], satellite images or GIS [3], other platforms [1,6,8], and question-
naires [4,5]. The methodologies applied are diverse and complex, from simple monitoring
and descriptive statistics [1,2,7] to advanced models (Shapiro–Wilk and Kappa tests [1,3],
social media content, cluster analysis, natural language processing [8], and sentiment anal-
ysis [6,8]). The processing of the data was performed using specialized software, including
R Software [1,10], SPSS [4,5,9], KH Coder Software [8], and GIS [1–10].

3. Summary of the Papers in This Special Issue (Forest Recreation and
Landscape Protection)

The papers published in this Special Issue, “Forest Recreation and Landscape Protec-
tion”, cover a wide range of topics that can be divided into two main categories: studies
focusing on forest recreation and those focusing on landscape protection. The papers
investigating forest recreation refer to the tourism activities in forests, which are regarded
as leisure activities (e.g., mountain biking). The others, focusing on landscape protec-
tion, concentrate on the impact of forest (in)stability on human health (air quality) and,
especially, the lack of forests and forest degradation as direct consequences of human
economic activity.

In the first paper, Ciobotaru et al. [1] present the environmental issues related to
forest loss in one of the important areas of the Earth, the Mediterranean region. The paper
analyzes the tree cover loss and cumulative tree cover loss in each country, acting as an
important index of the tendency towards tree cover loss in each country, over a total area
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of 581 Mha. The forest loss is determined by certain natural and anthropogenic activities,
such as intense forest fires, overgrazing, agricultural expansion, and illegal logging.

In the second paper, Hrůza et al. [7] underline the important role of “controlled
recreation” by building and tracing certain bike routes in the mountainous area of the
Moravian Karst in Poland. While cycling has become one of the popular recreational
activities of today’s world, it is also important for the distribution of groups of visitors in
the area, especially the bikers, who use only the designed routes.

Kim et al. [5] offer an international comparative analysis of the perception of the
natural environment in South Korea, Taiwan, and Indonesia. Using a specific methodology,
the perceptions regarding environmental conservation and the use of urban forests were
analyzed, and some significant differences between the three countries, which have different
histories, cultures, and economic developmental levels, were identified. Among all the
countries, Taiwan showed the highest positive results, while concerns regarding the “limits
of growth” were significant in South Korea and those regarding the “ecological crisis” more
pressing in Taiwan and Indonesia.

Jiang et al. [9] show that, as the urbanization and industrialization processes in China
have accelerated, pollution has become one of the most dangerous issues in the cities.
The urban green spaces, as “green infrastructure”, are an important part of the urban
ecosystems, with the purposes of air purification and refreshing. By considering the
meteorological factors over time, the effects of green spaces with different vegetation
structures and effects on air purification were determined. The results underline the
positive effect of urban green spaces on air quality, and this could be used as an important
theoretical basis for optimizing the structure of urban green spaces.

Another paper focusing on air quality, Hoppa et al. [10], studies the impact of air
pollution on people’s health, which presents as one of the world’s leading environmental
health threats. The authors identify children as the most vulnerable social group, who are
most exposed to the harmful effects of air pollution. With greater exposure time, more
negative effects are observed. The study investigates the role of trees in air purification
during winter, as a leafless period, on children’s school routes. The study was conducted in
Warsaw, and the results obtained demonstrate the weak impact of the tree canopy in the
winter season.

Based on habitat preferences, Kinho et al. [3] investigate the spatial distribution of
the Magnolia genus in the northern part of Sulawesi using 786 waypoints. They confirmed
that the Magnolia spp. distribution is influenced by factors such as the annual temperature
range, precipitation seasonality, and elevation. Endemic and endangered species, such as
Magnolia sulawesiana Brambach, Noot., and Culmsee, were identified in the central part of
Sulawesi. This study could provide a scientific basis for efficient forest management and
the development of conservation strategies and landscape protection measures.

Sergiacomi et al. [8] conducted a survey, using the social media TripAdvisor platform,
of 15,673 visitor reviews of the Plitvice Lakes National Park in Croatia. Their aim was to
detect the strengths and weaknesses of the National Park. The methods of analyses that
the authors used could be applied in different countries with similar natural contexts and
protected areas. The results obtained show that visitors were both interested in naturalistic
and landscape aspects and the accessibility and management of routes and visits to the park.

Zeng et al. [6] used deep learning technology to select six case studies in China and to
analyze geotagged photos of forest landscapes posted by forest recreationists in a specific
application. The paper also used Deepsentibank to perform a sentiment analysis of forest
landscape photos. This facilitates a better understanding of Chinese forest recreationists’
forest landscape preferences. The authors concluded that people preferred flat views and
had a strong preference for forest trail landscapes, which plays an important role in forest
landscape recreation, and that the photos evoked both positive and negative emotions.

Sancho-Knapic et al. [2] also underline the impact of air quality on human health.
The study was conducted in Mediterranean forests, examining the variations in air quality
under the influence of different factors (temperature and leaf development). The six most
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abundant monoterpenes were detected, and it was found that their abundance in the air
increased after the drought period. The study results show that people who enjoy forest-
based activities in Mediterranean conifer areas are more exposed to air monoterpenes when
the temperature increases. This happens when the leafy canopy is well developed and after
a drought period.

Bayne et al. [4] refer to recreational activities in the production forests of New Zealand.
These kinds of forests offer many opportunities for mountain biking, particularly in smaller
commercial peri-urban plantations and forest parks maintained as dedicated mountain bike
parks. The paper explains the impacts of, and the responses of forest owners and managers
to, increased mountain biking activities in commercial forest estates. This paper is useful for
urban and peri-urban forest planners (managers) who accommodate recreational activities
such as mountain biking in production forests. It suggests policies and best practices that
can help to protect commercial interests and forest ecology.

4. Conclusions

This Special Issue, entitled “Forest Recreation and Landscape Protection”, comprises
10 papers by 59 authors from 12 countries on three continents: Asia (Indonesia, China,
South Korea, India, Japan), Europe (Spain, Italy, Poland, Czech Republic, Croatia, Romania),
and Oceania (New Zealand). Their multiple affiliations permitted the authors to study
and research a great expanse of topics and areas related to forests, as an important natural
resource and forest ecosystem service provider, as well as other elements with direct or
indirect impacts on the forests (Figure 2).
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Another riveting aspect is the diversity of the keywords used in the papers (Figure 3).
All the papers are centered around the forest as the main keyword, appearing in diverse
combinations: forest management [4,7], forest recreation [7,8], forest landscape [6], and
forest air [2], plantation forest [4]. Others relate to the tree species (Magnolia sulawesiana [3],
Pinus pinaster [2], Pinus radiata [4]). Other keywords relate to the activities linked to forests,
such as recreational activities (visitor monitoring [7], nature experience [5], single-track bike
trails [7], TripAdvisor reviews [8], geotagged photos [6], path analysis [2]) and economic
activities (commercial forestry, trade-off [4]). Other keywords center on the landscape,
the other key focus of this Special Issue, and associated terms such as environment [1],
landscape protection, and conservation [3].
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Figure 4 offers an illustration of this multitude of 58 keywords grouped into 11 families,
from all 10 papers (economic activity, environment, impact, index, landscape, management,
methodology, pollution, region, resources, and tourism). The family of the key words is
placed in the middle of the Figure, the paper numbers are on the left side, and the keywords
are on the right side of Figure 4.
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The papers from this Special Issue adopt an interdisciplinary approach that considers
the aspects affecting forest degradation, including tree cover loss and deforestation, on
the one hand, and those that lead to landscape conservation and protection, on the other.
All the papers use an adequate and modern variety of methodologies, providing a real
source of inspiration for further research papers and Ph.D. theses.
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Abstract: The Mediterranean Region currently faces major environmental issues that require constant
analysis and monitoring. This study presents a thorough approach based on the application of
Landsat imagery from Global Forest Change during 2001–2019. Spatial distribution mapping was
one of the objectives of the study. We approached the analysis of tree cover loss areas by analyzing
the cumulative tree cover loss and Tree Cover Loss Rate. This indicator offers information about
the trend of tree cover loss in each Mediterranean country. A total of 581 Mha of deforested area
was mapped during the analyzed period. Analysis was further supplemented by some statistical
operations (distributions shown via histograms, validation via Shapiro–Wilk normality test, and
testing via one-sample t-test). Agricultural expansion, intense forest fires, illegal logging, overgrazing
(especially in the northern part of Africa), and extensive livestock farming have influenced the
Mediterranean forest ecosystem’s stability. The continuation of these activities could cause extreme
climatic events, severe degradation, and desertification.

Keywords: tree cover loss; environment; degradation; Mediterranean Region

1. Introduction

The effects of tree cover loss and forest degradation are critical environmental prob-
lems [1]. The fragility of forest ecosystems is an aspect intensely present in research in
recent years, whether tropical forests, mangrove forests, or temperate forests [2–5].

Forest ecosystems are a critical component of the world’s biodiversity, characterized
more by diversity and unicity than other ecosystems of the world [6,7]. Forests cover
31% of the global land area, 4.06 billion hectares are natural forests or plantations, and
approximately 15% are compact forest areas [8].

FAO estimated that, in 2015, across all Mediterranean countries, there were 88 million
hectares of forest [9]. These forests represent biodiversity hotspots with around 60%
endemic plant species from 25,000 species, but they are also very fragile ecosystems
depending on variations in environmental conditions [10–12].

Several drivers determine tree cover loss: (i) commodity-driven deforestation, (ii) ur-
banization and demographic changes, (iii) shifting agriculture due to small- or medium-
scale agriculture, (iv) forestry activities that through forest harvesting affect the forest
stability, and (v) wildfires that determine the temporary loss of forests [13]. Anthropic activ-
ities have significantly altered biodiversity, and conservation efforts are needed to protect
the mountains and coastal areas as a network of protected areas [14–16]. The long period of
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forest exploitation, significant socio-economic changes, rapid urbanization, and severe cli-
matic events are important threats to the environmental stability of Mediterranean forests;
a conservation strategy and sustainable forest management are thus required [17–19].

Human activities in forests also have a significant impact on the biodiversity of the
Mediterranean Region. As a result, World Heritage Natural Sites have experienced a
decrease in their degree of uniqueness and are subject to threats driven by climate change
and increasing population in littoral areas [20–22].

Agricultural activities have influenced Europe‘s landscape through new crops and
pastures, forest exploitation for fuel and wood processing, changes in soil properties,
increasing temperatures in urban areas, and increased fire risk [23–27].

Additionally, natural hazards (storms, forest fires, strong winds) are strongly related
to changes in land use and land cover, which fragment the landscape and result in envi-
ronmental damage [28–31]. Large fires (>1000 ha) often claim human victims and cause
greater burned forest areas and property damage [24].

Forest ecosystems are crucial in the fight against climate change, and reforestation can
contribute to reducing the concentrations of greenhouse gases in the atmosphere [32–35].

For these major causes of tree cover loss, quantifying and documenting the extent of
tree cover loss is a priority activity for environmental stability. The objectives of this study
were (1) to explore tree cover loss rates in the Mediterranean Region; (2) to illustrate the
spatial distribution of deforested areas; and (3) to show the evolution of the Tree Cover Loss
Rate (TCLR) for the period 2001–2019 to illustrate the situation for this fragile environment.

The Mediterranean environment’s stability is influenced by the tree cover loss in the
context of actual global climate changes (increasing about 0.85 ◦C globally and 1.3 ◦C in
the last century) [9]. That is why it is important to constantly monitor the evolution of tree
cover loss, to observe the general trend. The tree cover loss is responsible for the present
situation of flash floods and fires [36–38]. With the results presented in this paper, we aim
to develop a better understanding of the impact of tree cover loss on the environment in
the Mediterranean Region.

2. Materials and Methods
2.1. Study Area

As the study area, we focused on Mediterranean countries; these are characterized by
certain patterns of the climate, such as dry and hot summers and moist and cool autumns
and winters. Sometimes, extreme climatic events can influence the forests [39,40]. The
natural vegetation of the Mediterranean region is related to the Mediterranean climate, but
it is influenced by the presence of mountainous areas [17]. The Mediterranean vegetation
is adapted to its environmental conditions with a deficit of precipitation during the warm
season. It comprises predominately xerophilous vegetation, shrublands, broadleaf forests
(60%, with species Castanea sativa, Quercus suber, and Quercus ilex), and coniferous forests
(Pinus pinea, Cupressus sempervirens, and Castanea sativa), varying in proportion from Italy
(76%) to Portugal (49%) [9,41,42]. The cork oak (Quercus suber) savannas in southwestern
Europe and northwestern Africa have great conservation value and are characterized by
shrub formations to grasslands with high biodiversity [43,44]. These countries are across
three continents, most of them covering the European (13 countries), African (4 countries),
and Asian (4 countries) territories (Figure 1).

2.2. Data Acquisition and Processing

The analysis of tree cover loss in the Mediterranean Region began with the collection
of satellite images with a spatial resolution of 30 m from the Global Forest Change (GFC)
dataset, courtesy of the Department of Geographical Sciences, University of Maryland
(UMD), GLAD Laboratories in partnership with Google, United States of America from the
Global Forest Watch, for a period of 19 years (2001–2019) [45]. The most suitable data to
monitor forest cover changes are satellite images that can provide, through post-analysis,
information about land use and forest changes. These images were used to extract the tree
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cover loss areas (annually from 2001 to 2019). The first step consisted of downloading the
raster data. They were downloaded as individual, 21 (10 × 10 degree) granules, for the
entire Mediterranean Region considering the geographical coordinates in Table 1. Using
the function “extract by mask”, the resulting merged raster image was cut according to the
Mediterranean Region border (vector).
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Then, the data were merged to produce a single raster image. The conversion into points
of the raster image was performed using the function “raster to points” to extract the annual
tree cover loss for each country (Figure 2). Each pixel had a different color representing a
different year (e.g., for the period 2001–2019, 19 different colors were used for each year).
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Table 1. Landsat-7 ETM+ geographical coordinates covering the study area (Data obtained from the
Global Forest Change platform [45]).

No. Satellite Images and
Spatial Resolution Longitude Latitude Data Source

1

LA
N

D
SA

T
7

ET
M

+,
30

m

10◦–20◦ N 0◦–10◦ E

GFC

2 10◦–20◦ N 20◦–30◦ E
3 20◦–30◦ N 0◦–10◦ E
4 20◦–30◦ N 10◦–20◦ E
5 20◦–30◦ N 0◦–10◦ W
6 20◦–30◦ N 20◦–30◦ E
7 20◦–30◦ N 10◦–20◦ W
8 20◦–30◦ N 30◦–40◦ E
9 30◦–40◦ N 0◦–10◦ E
10 30◦–40◦ N 10◦–20◦ E
11 30◦–40◦ N 0◦–10◦ W
12 30◦–40◦ N 20◦–30◦ E
13 30◦–40◦ N 30◦–40◦ E
14 30◦–40◦ N 40◦–50◦ E
15 40◦–50◦ N 0◦–10◦ E
16 40◦–50◦ N 10◦–20◦ E
17 40◦–50◦ N 0◦–10◦ W
18 40◦–50◦ N 20◦–30◦ E
19 40◦–50◦ N 30◦–40◦ E
20 40◦–50◦ N 40◦–50◦ E
21 50◦–60◦ N 0◦–10◦ E

The data are expressed in hectares, and for our analyses, the tree cover loss by year
from 2001 to 2019 and the canopy cover levels from ≥10 to ≥75 (≥10, ≥15, ≥20, ≥25,
≥30, ≥50, ≥75) seemed to be remarkably interesting. The recommendation is to select the
desired percent canopy cover level and use it consistently throughout any analysis, but
the Global Forest Watch website uses a ≥30% canopy cover threshold as a default for all
statistics, the same canopy level used by us in the present study. The processing of the
data was performed by using descriptive statistics and was materialized in graphic and
cartographic materials and boxplots, made using the ArcGIS (ESRI, Redlands, CA, USA),
Microsoft Excel, and R Software platforms.

2.3. Methodology

To observe the distribution of data, histograms by country were made with all the tree
cover loss. Then, some specific operations and tests were applied: the standard deviation
for each country and one-sample t-test, also by country. To check the normality of the
tree cover loss distribution, the Shapiro–Wilk statistical test was applied, due to the small
amount of data (2001–2019). The data displayed in Table 3 indicate, for most of the countries
analyzed, a normal distribution (W values are over 0.75). This hypothesis is also sustained
by the p-values, which are above 0.05 in most cases. Among all the 30 countries, there were
9 that did not report any information about tree cover and tree cover loss areas, by year or
by canopy cover level. That is why they were excluded from our analyses (Figure 2).

The TCLR was calculated to observe the trend in the tree cover loss evolution by year
and for the entire period. The annual evolution was marked in blue, and the upward trend,
for the entire period, was marked in red (meaning a negative aspect—a high tree cover loss
rate) or green (meaning a positive aspect—a low tree cover loss rate).

It was calculated by using the following equation:

TCLR (annual) = (
TCL n− TCL n− 1

TCL n− 1
)× 100.

where TCL→ tree cover loss; n→ year.

12



Forests 2021, 12, 1341

TCLR (entire period) = (
TCL n− TCL n− 19

TCL n− 19
) × 100

where TCL→ tree cover loss; n→ year.

3. Results
Tree Cover Loss in the Mediterranean Region

In Figure 3, showing the tree cover loss by country in the 2001–2019 period, there are
differences from one country to another; these are due, on the one hand, to their total areas,
tree cover areas, and timber needs and, on the other hand, to other natural or anthropogenic
factors such as wildfires, diseases, the expansion of urban areas, and so on. The biggest
tree cover loss areas were registered in Spain (1,231,065 ha), France (1,142,699 ha), Portugal
(1,027,175 ha), and Turkey (499,959 ha). On the opposite side, the countries with low tree
cover loss included Palestine (18 ha), Malta (13 ha), and Jordan (7 ha). These countries have
forest areas that are large but fragile to main threats: climate change, extreme temperature,
human activities, urbanization, and the need for agricultural land. The smallest values
were recorded in countries with small administrative territories.
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To see the importance of the tree cover loss, it is particularly useful to analyze the
distribution of the tree cover loss. By ordering all the countries alphabetically, we obtain
the most relevant and non-discriminatory view of all the countries in the whole territory
considering a canopy level of ≥30, the same level taken in all analyses [27] (Table 2).

To identify the shape of the tree cover loss data and see whether tree cover loss process
changes occurred from one year to another, some descriptive statistic operations were
applied. The first step was to determine the simple distribution of them by constructing a
histogram for each country of the tree cover loss in the period 2001–2019. The histograms
in Figure 4 show a very different distribution of the data for each country, and they can be
grouped into only two main categories. Most of the countries (15 countries) have a skewed-
right distribution; among these, Albania, Algeria, Egypt, Greece, Portugal, and Tunisia can
be mentioned as representatives. In the second category (symmetric/normal distribution),
there are only six countries (Bulgaria, Lebanon, Morocco, Serbia, Spain, and Turkey).

The normality of the tree cover loss data distribution for each country was checked using
the Shapiro–Wilk test in the present study. The data in Table 3 indicate a normal distribution
for most of the countries (W values over 0.75), but not in some cases (Algeria, 0.48; Egypt,
0.56; Greece, 0.59; Jordan, 0.65; and Portugal, 0.71). This hypothesis is also sustained by the
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p-values, which are above 0.05 in most cases (Lebanon, 0.1503; Morocco, 0.1335; and Serbia,
0.9262). The standard deviation exhibits significant variation, ranging from 0.60 (Jordan) and
0.91 (Palestine) to 35,264.54 (Portugal), 26,971.25 (France), and 13,047.56 (Italy).

One-sample t-tests were applied for the sample of 21 countries to test whether the
mean tree cover loss in each country was different from a specific value; statistical signifi-
cance was observed for all countries as indicated by the t, df and p values registered. In all
cases, the degree of freedom was 18, which means that the power of the test is high. The
obtained values of t varied from 2.689 (Jordan) to 20.211 (Turkey) and the probability level p
in all cases is under 0.05 (from 0.00001 for Bosnia and Herzegovina, Bulgaria, Croatia, Italy,
Lebanon, Morocco, Portugal, Spain, and Turkey to 0.01500 for Jordan) (Figure A1). The
evolution of the TCLR for the 21 countries shows three situations: one where the tree cover
loss increases (represented in red color—negative aspect), one where the surfaces decrease
(green color—positive aspect), and one country with no evolution (0%, Jordan) (Figure 5).
For most countries, the tree cover loss area as a percentage for the period 2001 to 2019
increased; the highest values (more than 100%) were registered in Italy (504.85%), Slovenia
(461.95%), Syria (340.82%), Tunisia (148.05%), France (136.2%), and Spain (116.46%). Other
countries encountered negative evolution rates for the same period; among them were
Palestine and Malta (−100% for each), Egypt (−85.81%), and Albania (−71.20%).

Table 2. Tree cover loss areas in countries in the Mediterranean Region [Data obtained from the Global Forest Change
platform and online documentation [45].

Country Country
Area

Tree Cover
Loss 2001

Tree Cover
Loss 2005

Tree Cover
Loss 2010

Tree Cover
Loss 2015

Tree Cover
Loss 2019

Cumulative
Tree Cover Loss

(2001–2019)

(ha)
Albania 2,873,537 3729 695 656 284 1074 39,047
Algeria 124,831,323 3469 4470 2606 5707 6291 158,275

Andorra 46,800 NA * NA * NA * NA * NA * NA *
Bosnia and

Herzegovina 5,106,883 1496 574 911 581 1232 30,073

Bulgaria 11,158,731 8202 6567 3569 7293 4125 123,569
Croatia 5,707,840 3378 2747 3499 2669 5978 76,297
Cyprus 925,100 NA * NA * NA * NA * NA * NA *
Egypt 98,376,439 148 53 98 32 21 1732
France 54,951,498 34,421 46,391 143,265 37,293 81,304 1,142,699
Greece 13,257,505 12,617 4181 7785 3840 7604 182,913
Israel 2,077,000 NA * NA * NA * NA * NA * NA *
Italy 30,075,443 9871 10,896 15,806 14,124 59,705 358,569

Jordan 8,911,879 1 0 0 0 1 7
Kosovo 1,088,700 NA * NA * NA * NA * NA * NA *

Lebanon 1,023,804 299 300 115 174 390 4147
Libya 176,000,000 NA * NA * NA * NA * NA * NA*

Macedonia 6,700,000 NA * NA * NA * NA * NA * NA *
Malta 32,335 1 0 1 0 0 13

Monaco 202 NA * NA * NA * NA * NA * NA *
Montenegro 1,381,200 NA * NA * NA * NA * NA * NA *

Morocco 41,348,767 1868 1526 988 952 1250 37,419
Palestine 621,997 2 0 1 0 0 18
Portugal 8,955,506 24,405 38,934 48,401 46,097 36,886 1,027,175

San Marino 6120 NA * NA * NA * NA * NA * NA *
Serbia 7,823,140 2380 1551 2462 2815 3962 52,807

Slovenia 1,998,091 615 1951 1434 1025 3456 45,059
Spain 50,604,279 32,811 48,955 56,093 65,414 71,022 1,231,065
Syria 18,691,800 267 792 241 2393 1177 20,681

Tunisia 15,486,458 231 633 398 1880 573 26,937
Turkey 78,070,341 22,910 20,411 17,008 27,735 39,118 499,959
Vatican 44 NA * NA * NA * NA * NA * NA *

* NA—countries with no tree cover loss data.
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Table 3. Shapiro–Wilk normality test for data validation.

No. Country W p-Value Standard Deviation

1 Albania 0.81 0.001462 1724.88
2 Algeria 0.48 3.579 × 10−7 9438.98

3 Bosnia and
Herzegovina 0.92 0.1103 993.18

4 Bulgaria 0.95 0.4318 2105.93
5 Croatia 0.91 0.08276 1753.81
6 Egypt 0.56 2.787 × 10−6 90.24
7 France 0.87 0.01634 26,971.25
8 Greece 0.59 3.138 × 10−6 9791.96
9 Italy 0.79 0.0007701 13,047.56
10 Jordan 0.65 1.374 × 10−5 0.60
11 Lebanon 0.93 0.1503 100.44
12 Malta 0.76 0.0003579 0.89
13 Morocco 0.92 0.1335 866.03
14 Palestine 0.85 0.006288 0.91
15 Portugal 0.71 7.214 × 10−5 35,256.54
16 Serbia 0.98 0.9262 1053.05
17 Slovenia 0.79 0.0007622 2124.55
18 Spain 0.96 0.6258 25,074.63
19 Syria 0.74 0.0001789 1264.86
20 Tunisia 0.57 2.128 × 10−6 1841.72
21 Turkey 0.96 0.602 5675.02

Analyzing the situation by country, Albania—although it presented a generally de-
creasing tree cover loss percentage—in many years showed increasing values over 400%
(2004 vs. 2003 and 2007 vs. 2006). High values were also found in 2012 vs. 2011 (over 300%)
and 2016 vs. 2015 (over 200%). Algeria also exhibited two periods with high values (2011
vs. 2010, over 200%, and 2017 vs. 2016, up to 500%). For Bosnia and Herzegovina, in 2004
vs. 2003, the tree cover loss rate was up to 1300%. For Bulgaria, the values were low (only
200% in 2012 vs. 2011). In Croatia and Egypt, the highest values oscillated around 300%
(2004 vs. 2003 for Croatia and 2012 vs. 2011 for Egypt). For Greece and Italy, the values
were up to 600%, and the latter country also showed a considerable increase for the entire
period. Jordan and Palestine registered negative evolution for the entire period, but for
Palestine, in 2008 vs. 2007, the tree cover loss rate was 200%. Slovenia and Syria had the
highest values, with 800% for Slovenia in 2014 vs. 2013 and 3400% for Syria in 2012 vs.
2011. Very different was the situation of Turkey: for this country, the value was up to 75%
each year—a moderate rate (Figure A2).

The tree cover loss in the different countries during the period of analysis (2001–2019)
is depicted in Figure 6. It can be observed that in the upper part of the Mediterranean region
(characterized by large areas of tree cover and situated closer to the temperate climate
area—temperate forests), in countries such as Portugal, France, and Spain, forest loss is
predominant. On the other side, in countries close to the desert areas and where the tree
cover is not so dense, their loss is moderate to low. This image exhibits a significant amount
of correlation with the two previous figures, which present the forest loss in comparison to
the tree cover extent in 2000 and 2010.
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4. Discussion

This article describes a methodology for studying the tree cover in the Mediterranean
Region, providing a consistent spatial distribution of tree cover loss changes at the national
scale for 2001–2019. The methodology used in this study based on the analysis of tree cover
loss data is shown to accurately monitor the tree cover loss.

The vegetation is in strong correlation with the climate, characterized by a deficit of
precipitation in the warm season and moist and cool winters [17].

In the last century, in the Mediterranean Region, the temperature has increased
1.3 ◦C [9]. The stability of forests is affected by both climatic factors and socioeconomic
pressure. Therefore, the forest ecosystems are influenced by intense wildfires [20,24], loss
of biodiversity [2,12,41], land degradation and fragmentation [9,15,46], and traditional
agricultural techniques [16,23,46]. However, the drivers that modify the distribution of
forest areas vary from one country to another.

Analysis of the forest loss data shows that the forests in the Mediterranean Region
represent an ecosystem that is vulnerable to external threats and has experienced intense
tree cover loss (a total of 581 Mha of tree cover loss area) [9,45].

In European countries, the major activity that affects forests is harvesting done to
provide wood for industry [19,23,46]. On the other hand, in Africa, the dominant driver of
tree cover loss is shifting agriculture, which determines temporary loss of forests, especially
in Morocco, Algeria, and Tunisia [46,47]. Of the dominant threats to tree cover loss,
including agricultural expansion, the underlying causes of tree cover loss are the global
markets for cork oak, timber, and pulp [11,27,39,48]. In addition to this, another direct
threat to tree cover loss includes intense forest fires [9,13,24,49], illegal logging [13,17],
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and some traditional tools for creating grasslands for extensive livestock farming and
overgrazing in states such as Algeria, Lebanon, Morocco, Tunisia, and Turkey [9,16].

The utility of this study for the Mediterranean Region is to encourage continuous
monitoring of tree cover loss evolution, as has already been conducted in countries in
South America [50,51], Europe [52], and Africa [53,54].

We evaluated the tree cover loss in the Mediterranean Region and the significant
drivers that affect the forest area. Second, analysis of tree cover loss by canopy cover
signifies that the highest loss areas are specific to the Mediterranean countries.

Third, the highest tree cover loss areas have specific environmental conditions (high
temperatures, dry periods), severe climatic events, frequent forest fires, and changes in
land use among the principal causes of tree cover loss. Portugal and Spain recorded the
highest rates of tree cover loss (1,231,065 ha in Spain and 1,027,175 in Portugal) [16,46].

Some sustainable measures of specific vegetation for the Mediterranean cork oak
savanna are suitable to reduce the effects of tree cover loss and degradation [43–45].

Fourth, tree cover loss is strongly correlated with environmental conditions, the inten-
sity of human activities such as intense urbanization, and the need for agricultural land.

The histograms show a normal distribution of data for most of the countries. This
allowed us to conduct the analysis. Shapiro–Wilk normality tests and t-tests showed the
suitability of the data for the analysis, with their significance considered to subscribe to the
normal interval.

The scatterplot in Figure 7 shows the relation between country areas and tree cover
loss; the dispersion of the points allows us to conclude that the disturbances in the tree
cover loss are from natural causes. The small value of R2, at about only 0.0399, illustrates
that there is no correlation to the analyzed data.

We infer that the tree cover loss is influenced by a complex category of drivers (intense
fires, increased temperatures, agricultural activities, and illegal logging) that determine the
fragmentation of forests and the fragility of the Mediterranean environment.
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5. Conclusions

Tree cover loss in the Mediterranean Region is induced by both direct and indirect
causes: local policies that need improvements for sustainable forest management; de-
mographic changes and urbanization, which can cause degradation; and desertification,
especially in the northern part of Africa.

Analysis of tree cover loss changes using Landsat imagery in the Mediterranean
Region represents the focus of much research over the years. The current study presents a
tree cover loss mapping and evaluation of the TCLR for the period 2001–2019 in the context
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of significant threats in southern Europe, North Africa, and southwest Asia, such as intense
forest fires, overgrazing, development of urban areas, illegal logging, intense agriculture,
and changes in land use and land cover. Improved policies regarding management and
maintenance of land use are important for the constant monitoring of forest ecosystems in
the Mediterranean Region.
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Abstract: Recently, cycling has become a popular recreation activity, and mountain biking provides
an experience that is sought by an increasing number of people. Bike trails constructed for mountain
bikers in access areas lead mostly through the forest and provide not only an extraordinary riding
experience but the opportunity to admire the surrounding nature. The reason for constructing such
trails from a landowner’s point of view is to help keep bikers’ movements within a defined access
area and to ensure adjacent areas are left free for other forest functions. It also helps distribute groups
of visitors with other interests to other parts of the forest. This is what we call “controlled recreation”.
In this example, it means that if cyclists come to the locality to use the bike trails, they should ride
only along the designated trails; however, they may leave these trails and ride on the surrounding
land. This article studied the movements of bikers in an accessible area of the Moravian Karst and
the regulation of their movements by controlled recreation. Attendance in the area was measured
using automatic counters. These were placed at the entry points to the accessible area and just behind
the routes where the trails branch off. The results showed that bikers mostly stayed on the formal
routes and that the trails were effective, i.e., there was no uncontrolled movement of bikers into the
surrounding forest stands. We also noted the time of day that cyclists were active. These results
can be used to better plan work in the forest, for example, harvesting and logging. To further the
suitable development of accessible areas of the forest, we also compared the usual size of trail areas
in two other European countries and the increasing width of bike trails due to the transverse slope of
the terrain.

Keywords: forest recreation; ecosystem services; forest management; visitors monitoring; single-track
bike trails

1. Introduction

Mountain biking has become a popular leisure-time activity in many countries [1],
in the countryside as well as in protected areas close to cities [2]. It encompasses many
specialised disciplines including down-hill biking, tour and cross-country riding and
competition styles such as free-riding and four-cross [3,4].

The increasing demands of holidaymakers are an integral part of modern life. As
living standards increase, the demand for adrenaline-producing hobbies increases. Forest
management is used not only to protect its use for timber production but also to promote
the recreation functions of forests and the welfare of visitors [5]. Most outdoor recreational
activities in forests related to paths and trails [6].

Monitoring visitor attendance provides basic information about the number of visitors
and their spatial distribution within the forest [7]. Tourism in large, protected areas has
been described by Navrátil et al. [8].

The modern trend in forests is to construct bike trails for cyclists. Březina et al. [9]
monitored visitor arrivals in forests. Their data show the potential for future cash flows
from the city to forest areas. Their research offers a potential tool for investigating cash flows
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in the local economy and a method for determining the potential of the socio-economic
functions of forest management as a local multiplier [10].

According to German research, the existence of such trails can be harmonious with
the needs of foresters. Especially in heavily visited regions, attractive advertising on the
trails and other paths contributes to the effectiveness of visitor management [11]. But it is
very important to monitor the numbers of people in the forest [12], as visitors can affect
aspects of forest management such as harvesting and logging.

Narrow one-way mountain bike trails, called single tracks, are designed and con-
structed according to special, long-proven methods, making them suitable for outdoor
recreation. Ideally, they are set in the terrain sensitively, so that they do not interfere too
much with the character of the landscape in the areas they go through [13].

The interest of tourists in forest localities is increasing. Forest stands, parks and other
green areas are the most valuable for recreation [14,15]. People prefer forest and well-kept
green areas [16] and water amenities, such as lakes and rivers [17], to city landscapes [18].
An important and relevant issue for contemporary tourism, sport and recreation planners
is how to develop trails and mountain bike areas in a way that is in keeping with the
demands of proficient mountain bike riders. In [19], the authors offer an overview of
the affective experiences that come from mountain biking over a range of common ride
obstacles and terrains.

As mountain biking is popular in many natural areas, it can remain controversial, at
least in part, due to the divergent views about its environmental impacts [20], one of the
most visible of which is the modification of the landscape’s structure and quality [21]. In
Austria, official trails do not necessarily meet the needs of mountain bikers, who often ride
on unofficial trails or along paths where biking is not allowed. This behaviour can result
in conflicts with other countryside users, landowners, hunters and conservationists [4].
Mountain biking is seen as an important activity for growing participation in outdoor
recreation. Increasingly, places are marketed as suitable for mountain biking and have
supporting legal rights of access in place. However, in a study of the Cairngorms National
Park in Scotland, as in many places, it was found that mountain bikers were not always
made welcome by managers and other visitors [22].

In Slovenia, access to forest skidding tracks and signposted mountain paths, which
are greatly preferred by mountain bikers, is generally not legal. There is also a lack of
mountain biking management and infrastructure at the national level. The increased
interest in mountain biking on trails in natural areas necessitates a systematic approach to
management. An important challenge for such management in natural areas is conflicts
with other user groups, particularly hikers [23].

Interviews carried out in the forest of Allschwil near Basel, Switzerland, revealed that,
in some areas, there was conflict among different user groups, particularly between dog
owners, cyclists and groups of hikers or joggers. Knowledge of the habits and preferences
of forest visitors allows for the planning of measures that separate different forest user
groups and prevent them from entering areas with a high conservation value [24].

Today, forest owners have to cope with an increased demand for recreation. This
brings many obligations, which are enshrined in law. One task is to identify potential users
and quantify their movements across forest property. From the perspective of the Forest
Act No. 289/1995 Coll. [25], Section 20 of the Forest Act, point j) states: “It is forbidden to
ride bicycles, horses, skis or sleighs except on forest roads and marked trails in the forest
stands”. This implies that off-road bikers can only ride on forest roads if they are not on
open terrain and specially constructed trails for cyclists, which include trails.

Hrůza [26,27] deals with the legal aspects of purpose-built forestry communications
and their position in the law, which includes, among other things, bike trails. Currently,
the number of conflicts among forest users is increasing due to the new and growing
societal demands for forest recreation in addition to the traditional forest function of wood
production. Outdoor sports and forest education programmes are adding to the demands
on forest use. Other authors [28] mention conflict between recreational users, e.g., between
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bikers and hikers. These conflicts are expected to become more acute in the future, which
poses new challenges to both forest policymakers and forest managers. Forest owners’
and managers’ efforts should be to manage and disperse the visitors from various interest
groups within the forest environment so that each visitor can engage in their activity
without a negative impact on the surrounding area, other visitors or commercial forestry
activities. Reference [29] reports on how government managers of protected areas in
South Western Australia engaged with the mountain biking community. This included
the development of a user compatibility matrix that facilitated park management decision
making to reduce negative social and environmental impacts while, at the same time,
providing for a range of recreational opportunities in the protected area. A multi-step,
methodological triangulation conflict model from US recreation management was applied
and tested in the Black Forest Nature Park [30]. The results from two groups, hikers
and mountain bikers, were analysed in depth. The main potential conflicts were due to
the fact of infrastructure and differing values. These were influenced by various visitor
characteristics such as resource attachment, experiences, style of activity, expectations and
motives.

One of the reasons forest owners construct bike trails on their land is to have control
over the movements of cyclists through forest stands.

• The aims of the present study were to determine whether bikers’ movements can
be directed by constructing single-track bike trails and to determine the quantity of
visitors who left the trails to set out across the wider surroundings of forest ecosystem.

• To achieve this, we needed to determine the number of visitors and where they entered
or left the area.

• At the same time, the movement and the spatial distribution of cyclists within the
area of interest, according to the time of day and working and non-working days,
were investigated, as this is important for forest management such as harvesting and
logging.

• Single tracks are usually described as a type of mountain-biking trail approximately
the width of a bike. This narrow design makes them easy to construct in the forest.
But the width of a trail increases with an increasing transverse terrain slope; thus, we
wanted to understand how a single-track width changed according to an increasing
transverse terrain slope.

• We compared the usual area of single-track bike trails in two other Europe countries
to provide forest owners with an idea of how large these access areas for controlled
recreation should be.

2. Materials and Methods

The Moravian Karst Single Track Centre was constructed in 2015 across 547.74 ha at
the Training Forest Enterprise Masaryk Forest Křtiny (TFE), which is an organisational part
of the Mendel University in Brno (MENDELU), with the aim of directing the activities of
mountain bike visitors to specialised narrow trails. The TFE is located near Brno in the
South Moravian region and manages all together a forest area of 10,492 ha. The repre-
sentation and distribution of woody plants reflect the vegetation gradation and habitat
conditions. Deciduous tree species (33% dominated by beech) cover 62% of the forest
area, and 38% are covered by conifers (19% spruce). Sustainable forest management aims
at management measures ensuring the fulfilment of forest ecosystem services and other
functions in changing environmental and social conditions and optimal use of the produc-
tion potential of forests, with particular regard to the needs of the university (teaching
and research) and the public (recreation). The TFE closely collaborates with the Faculty of
Forestry and Wood Technology MENDELU to offer experimental forest stands and other
establishments for educational and research purposes.

Our aim was to determine whether bikers in the centre moved outside the site to use
other forest roads or other parts of the forest or whether they stayed mostly in the trail
area. For forest management purposes, we also investigated the quantitative movements
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of visitors in the Moravian Karst Single Track Centre and their time distribution to provide
forest managers with information on land use at various times.

The four trails consist of single tracks that go through the forest stand and, partially,
on forest roads in the northeast TFE part. The starting point for these trails is located
near Camp Olšovec in Jedovnice, where there is a sport–recreation centre for mountain
bikers (boarding place) with technical facilities. The single-track sections, which go directly
through the forest stand, are referred to in the study as Track 0 (770 m), Track 1 (7250 m),
Track 2 (3730 m) and Track 3 (2010 m) (Figure 1). The single tracks measure 13.8 km in total
length and are connected by forest roads. The total length of all trails together with forest
roads is 21.4 km.

Figure 1. Location of the study area the Moravian Karst Single Track Centre in the Czech Republic.

The hypothetical assumption was that cyclists would only use the marked trail routes
prepared for them to join a ride and would not leave the single-track area of 547.74 ha to
go into the surrounding forest ecosystem. The single-track bike trails constructed in one
part of the forest would be sufficiently attractive that they would not leave them, and the
surrounding forest stands would be undisturbed by bikers. If this was not confirmed, the
question would be: how many visitors left the area for other parts of the forest?

First, the method of monitoring cyclists in the selected area was decided, and the
assumption of their direction of movement was made.

In cooperation with the monitoring coordinator of cyclists from the Partnership Foun-
dation, two types of counters were chosen and locations suitable for placing them were
selected. Their placement was agreed with the administrator of the Moravian Karst Single
Track Centre, and the necessary facilities were leased.

Monitoring was performed for one month in the high season for cycling activity
(15 June–15 July). The presence of visitors was monitored with respect to the time of day
and whether the day was a working or non-working day.

Four locations were selected (i.e., U Kempu, Trojúhelníky, U Proklestu and Na
Mokřadní) to install the first type of counter, Eco-counters, to cover the cyclist entry
points to the trail area; their movements were captured further on the routes in the area
(Figure 2). Thus, sensors were set-up to scan all incoming and outgoing visitors to the
trail area.

Counters were placed at narrow places so that cyclists could not ride past them side
by side. They were mounted on trees next to the road or on a nearby pole if a tree was
unavailable. The counters can measure reliably over four meters. The devices were locked
and marked with a contact number to prevent them from being accidentally damaged by
people. All counter locations were photographically documented (Figure 3).
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Figure 2. Locations of counters for data measuring in the Moravian Karst Single Track Centre.

Figure 3. Examples of counter installation.

An Eco-counter is a device for counting all users of a route (cyclists, pedestrians
and cars). It has two sensors and can determine the direction of its target’s motion. The
counters were manually calibrated to identify individual groups of visitors and a calibration
coefficient was set to ensure the maximum validity of the collected data and minimise errors,
i.e., manual calibration counts were performed to determine the numbers of individual
users as cyclists, pedestrians or cars. An error can arise in wider places if cyclists ride
close together. The counter then records them as one person. The calibration prevents this
deficiency and, thus, ensures the maximum accuracy of the measured data. At each site,
data were collected for eight hours per day. Data were collected continuously throughout
the measurement period of six days. Subsequently, the counters were removed from each
site, the data were downloaded and, using the calibration coefficient, calculated to the
actual values of the individual participants and the direction of their travel. Due to the
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fact that this study focused on the movement of cyclists in the given area, the results
subsequently analyse only the movements of cyclists.

We placed one of the second type of counter, a TRAFx Mountain Bike Counter, at
Stoupací on Track 0 to discover whether cyclists used the ascending single-track bike trail
to access downhill single tracks or whether they also used the surrounding forest road.

This counter responds to metal wheel parts, so it is able to detect bikes with a carbon
frame. The width of the recording field was up to 1 m from the counter, so when installed
in the middle of the track, it can cover a track up to 2 m wide. It was installed under the
surface of the trail, hiding it from human eyes, minimising the risk of damage or vandalism.

Both types of counters consisted of a sensor that recorded the passage of a cyclist and
were connected to the data unit, which stored the measured data and supplied power to
the counter.

During the measurement phase, there was one month of continuous inspection and
manual data collection. The Eco-Visio online application (https://www.eco-counter.com/
applications; accessed on 20 October 2021) was used to download, analyse and implement
monitoring-related data.

As single tracks are often represented as narrow paths following the shape of the
terrain, with minimum influence on their surroundings, we focused on the real width
of constructed single tracks in the Moravian Karst Centre. The width of single tracks is
generally stated to be up to 1 m, which only relates to one bike track width of 0.8 m, but the
total width varies depending on the single track’s inclination and the transverse slope of
the terrain. It is necessary to take into account the cut-and-fill slopes and take as the width
the entire width of the single-track formation. This greatly changes the total area take-up
as evidenced by the results of our investigation.

One of the aims of this research was to determine a suitable and sustainable size for a
single-track area for mountain biking, allowing for other visitors, timber production and
other forest functions, as there is now a great demand for this type of sports activity in the
forest environment.

For comparison, we chose 10 such centres abroad. Five of these were in the UK, where
this issue is historically captured systemically and on the basis of a national strategy. Trails
were chosen in Wales, which has been written about in the sense of “here it all began,
25 years ago we saw the start of the trail centre revolution, and it was here in Wales. Coed y
Brenin led the way in setting up waymarked trails specifically for mountain biking” (https:
//www.mbwales.com/2016/07/18/trails-centres-began/; accessed on 20 October 2021).
We can describe these trails as closed circles, often far from large towns and habitations.
The location of the trails in forest stands was not a condition, but most were located in
forest. To select suitable single-track areas, a Welsh government website, Mountain Bike
Wales (https://www.mbwales.com; accessed on 20 October 2021), was used. The site
promotes mountain biking and provides information about each site, including maps. Five
centres were selected: Abercarn, Afan, Brechfa, Cw Merfyn and Ganllwyd.

The other five trail areas examined were in Denmark, on slightly hilly terrain in
suburban forests, so their location and the shape of terrain were more comparable with the
Moravian Karst Single Track Centre. The Danish facilities were located close to areas of
habitation; being within forest stands was a condition of their selection. The Mountain Bike
Project website (https://www.mtbproject.com; accessed on 20 October 2021) was used to
select five suitable areas: Djævlesporet, Egebjerg, Kongshøj, Silkeborg and Vodskov.

We did not compare the size of the areas, but trail density was established for the
total length of all trails and the efficiency established for the trail distribution. Specially,
the efficiency provided us with information about single-track land use and based on this
value, it is possible to decide whether it is appropriate to further expand the single-track
bike centre or to have single tracks more concentrated if needed according to the demand.

The total area of the biking amenity was taken as that enclosed by the trails themselves
and forest roads that were used as connecting lines between the trails and forest roads
leading to the start of the trails from the car park.

34



Forests 2021, 12, 1601

The total length of the trails was calculated as the length of all trails, including forest
roads, so that the trails calculated formed a connected whole. None of the trails or their
parts were counted twice, although some sections of forest roads could be used as part of
several trail routes.

The density of trails within a facility was established as the total length of the trails
divided by the area of the facility and expressed in m/ha.

The density H is given by the Equation (1):

H =
D
S

[
m·ha−1

]
(1)

where: D is the total length of the trail network (m), S is the accessed area (ha).
As the parameters do not provide any information on the trail network’s distribution,

a parameter for trail efficiency was added.
The efficiency U is given as the proportion between the average geometric (shortest)

distance from a regular geometric 10 ha square network (grid) and the theoretical distance,
the calculation of which was based on the ideal regular distribution of the trails in the area
according to Equation (2).

U =
Dt

Dg
·100 [%] (2)

where Dt is the theoretical distance (m) calculated as the average distance due to the
optimal distribution of trails (Figure 4) in the accessed area and depending on the trail
density H according to Equation (3).

Dt =
10, 000

4H
[m] (3)

Figure 4. Theoretical distance, Dt, due to the optimal trail distribution in the forest access area and
trail density, H 20 m/ha.

In addition, the geometric distance, Dg, represents the direct distance from the centre
point of a regular geometric 10 ha square grid to the trail. Its average value (Equation (4))
depends on the trail distribution and is generally higher than the theoretical distance.

Dg =
Dg1 + Dg2 + . . . Dgn

n
[m] (4)

To analyse the trail areas, maps on the OpenStreetMap WMS server were used in the
QGIS application environment. The geometric distances from grid points were determined
using QGIS software and the vector analysis tool “distance to nearest hub”. The same
analyses were performed for the Moravian Karst Single Track Centre for comparison.
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3. Results

The comparison of the monitored visitor entry points into the Moravian Karst Single
Track Centre showed (Table 1) large differences in total attendance in the monitored
period. The site at U Kempu, located on a forest road at the entrance to the Training
Forest Enterprise Křtiny, MENDELU by the Jedovnice Olšovec Lake, dominated attendance
figures with 21,559 visits. Another monitored site near Olšovec at Na Mokřadní recorded
a significantly lower value of 4172 visitors. But the fewest visitors were recorded on the
opposite side at Trojúhelníky (2440) and U Proklestu (1070), which is the side from which
people leave the Moravian Karst Single Track Centre to visit other parts of Forest Training
Entrprice Křtiny.

Table 1. Overall monitoring results of visitors on selected forest roads in the Training Forest Enterprise Křtiny MENDELU
during the period 15 June–15 July (calibrated data).

Locality
Total Attendance Average Daily Attendance

Total Records Working Days Non-Working
Days Daily Average Working Days Non-Working

Days

U Kempu 21,559 7107 14,452 695 374 1204

Stoupací 8522 2566 5615 264 135 468

Na Mokřadní 4172 1757 2415 135 92 201

Trojúhelníky 2440 1443 1034 79 64 102

U Proklestu 1070 539 531 35 28 44

Focusing only on cyclists (e.g., data cleaned of vehicles and pedestrians using cal-
ibration counting), we counted 9714 cyclists at U Kempu travelling towards Jedovnice;
going in the opposite direction, the figure was 9599 cyclists. On the Jedovnice side at Na
Mokřadní, it was 1807 cyclists in and 1207 out. On the opposite side of the Centre, the
counters at Trojúhelníky and U Proklestu recorded only 1133 cyclists riding into the area
and 927 riding out (Table 2).

Table 2. Number of cyclists according to each counter.

U Kempu Stoupací Trojúhelníky U Proklestu Na Mokřadní

Cyclists

In * 9714 8522 938 195 1807

Out ** 9599 - *** 672 255 1127
* Direction into the area. ** Direction out the area. *** Counter on the single-track Stoupací-bikers counted in one
direction.

From these numbers, we can conclude that 92% of cyclists stayed at the Moravian
Karst Single Track Centre and the construction of single-track trails in response to the need
for controlled recreation fulfilled its purpose.

At most locations, Saturday was the busiest day. The exception was at U Proklestu,
where Monday (65) and Sunday (162) were the busiest days. This shows that this route
was favoured mostly by trekking cyclists, who mainly used the forest roads at the Centre.

The average daily visit rate at the sites corresponds to the total visit rate. At all
localities, the number of visitors on non-working days was less than 2/3 of total attendance.

The maps (Figures 5 and 6) and measurements show that bikers used the marked trail
route. The main purpose for them was to enjoy these trails. The existing three single tracks
go through the forest stand and, partially, on forest roads, so bikers do not need to use
other forest roads.
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Figure 5. Number of cyclists in the direction into the area.

Figure 6. Number of cyclists in the direction out of the area.

From a total of 12,654 incoming cyclists, 8522 used single-track 0 instead of the adjacent
forest road. This gives us interesting information that bikers use single tracks rather than
ascending forest roads to reach the top of the downhill single tracks near U Proklestu.

The single-track area was mostly visited during daylight hours, which is consistent
with the guidelines for visitors from trail managers. The peak hours are given in Table 3.

Table 3. Visitor layout by peak hours.

Locality Peak Hours In General

U Kempu 11:00–12:00; 16:00–17:00 10:00–18:00

Stoupací 10:00–12:00 9:00–17:00

Trojúhelníky 10:00–11:00; 14:00–16:00 10:00–18:00

U Proklestu 10:00–12:00; 15:00–18:00 10:00–18:00

Na Mokřadní 14:00–16:00; 17:00–18:00 10:00–19:00

The real width of most constructed single tracks, taking cut-and-fill slopes into account,
fell in the width category 1–2 m, with 2–3 m the next most common as seen in Table 4.
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Table 4. Trail width parameters.

Width (m)
Ratio of Total Single-Track Length (%)

Limit Transverse Terrain Slope (%) Trail 0 Trail 1 Trail 2 Trail 3

<1 <16 0.0 0.2 35.4 0.0

1–2 16–42 76.9 70.2 21.8 61.2

2–3 42–50 20.7 22.7 28.3 23.1

3–4 50–53 1.7 5.3 11.1 11.5

>4 >53 0.7 1.6 3.3 4.1

Total length (%) 100.0 100.0 100.0 100.0

The 770 m Track 0 represents a part that is common to all of the trails and is used to
access downhill single-tracks 1, 2 and 3. The section has a long rise that makes up 83% of
the trail length with variable width including cut-and-fill slopes of between 1.0 and 3.0 m.
The mean total width of the road formation is 1.8 m, with 77% of the trail length being
wider than 1.0 m (Table 4).

Track 1 has the character of a ridge trail with a balanced ascent and descent ratio going
over the north-western slopes of a peak. The total length is 7250 m, and the width ranges
from 0.7 to 9.2 m with a mean of 1.8 m. For 435 m of the trail, the width is greater than
3.0 m (Table 4).

Track 2 has a total length of 3730 m and resembles the main downhill part of a single
track. The trail is 1.0–6.2 m wide, with a mean of 2.4 m. Sixty-six percent of the trail length
is wider than 2.0 m, and for a length of 535 m, the trail is wider than 3.0 m (Table 4).

Track 3 first runs along the ridge forest road, diverging from it after approximately
600 m. The total section length is 2010 m, and the trail width ranges between 0.8 and 6.4 m
(Table 4) with a mean of 2.1 m. For 315 m, the width of the trail is greater than 3.0 m.

Based on our measurements, we can conclude that the width of all single tracks over
their entire length is greater than 1.0 m. On average, 90% of the trail lengths are 1.0–3.0 m
wide (Table 4). Almost 1.4 km of the trail is wider than 3.0 m (11% of the total length of the
single track located in the forest stand).

The characteristic parameters of biking areas in Wales and Denmark are compared in
Table 5 with those of the Moravian Karst Single Track Centre with its total area of 547.74 ha,
total trail length of 21,365 m, density of 39 m/ha and efficiency of 40%.

Table 5. Characteristics of the single-track areas compared.

Country Trail Area (ha) Length (m) Density (m/ha) Efficiency (%)

Wales Abercarn 403.10 26,820 67 38

Wales Afan 1661.42 100,467 60 37

Wales Brechfa 594.34 44,352 75 29

Wales Cw Merfyn 1381.55 35,062 25 29

Wales Gannlwyd 1154.51 60,824 53 48

Denmark Djaevlesporet 157.81 13,349 85 39

Denmark Egebjerg 42.43 10,440 246 47

Denmark Kongshoj 49.30 8255 167 47

Denmark Silkeborg 201.38 13,806 69 32

Denmark Vodskov 108.67 12,254 113 47

Czechia Moravia Karst 547.74 21,365 39 40
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4. Discussion

In previous years, data from the counter located on Track 0 were compared. According
to Olišarová et al. [12], the most frequented months of 2017 and 2018 were July and August.
A comparison of the study routes in the area showed a large difference in total attendance
in the monitored period. In July 2017, a total of 9558 cyclists rode past the counters, and
the following year (2018) showed 9170 entries. The data from this year in the first half of
July show a total of 5056 passages.

There was a wide range of holidaymakers in the area. The highest attendance was
recorded at U Kempu, near the camp gate. Nearly 90% of visitors recorded there were
cyclists. On the contrary, the smallest number of visitors was counted at U Proklestu, where
the number of cyclists was less than 50%. Almost two-thirds of visitors came to the area on
a non-working day, while during the week only 1/3 were in the area.

There are a large number of researchers and university employees at the locality,
many of whom come by car. The most frequent passages were recorded by the counter at
Trojúhelníky, probably because this road connects to utility road number 373 leading out
from the area to another part of the Training Forest Enterprise Křtiny MENDELU.

According to Olišarová et al. [12], some visitors travelled one route several times,
others have tactically chosen their way according to their abilities and skills, as each route
differs in the difficulty of the terrain and elevation.

The project has proven that visitors stay in the single-track area, and very few go on
to adjacent locations.

It is necessary to realise that urban forests are often popular sites for recreational
activities such as hiking, biking and motorised recreation. This can result in the formation of
extensive trail networks, fragmenting vegetation into patches separated by modified edge
effects and, ultimately, contributing to the degradation of the ecosystem, and management
should seek to minimise the creation of informal trails by hardening popular routes,
instigating stakeholder collaboration and centralising visitor flow [31]. This statement
can be supported by our findings that the regulation of bikers’ movements by controlled
recreation fulfilled its objective and works. [31] adds, the forest lost to informal biking and
hiking trails reached an area of 5%. The trail distribution in a single-track bike trail centre,
evaluated by trail efficiency, can help to make a decision regarding new single-track bike
trail design in a bike centre or its further development if needed. Informal trails generally
had worse surface conditions and were poorly designed and located. Per site, formal
and informal trails resulted in similar loss of forest strata, with wider trails resulting in
greater loss of forest [32]. Choosing the right corridor for a single-track lay-out according
to transverse slope terrain can minimise the width of single-trail formations. In [33],
the authors present a study where they analysed the spatial overlap and social conflicts
between mountain bikers and runners. This can help managers and decision makers design
proper infrastructure for outdoor activities. Strategic management errors can be avoided by
knowing user preferences and by offering improved conditions that meet the expectations
and needs of different user groups. One of the reasons why we constructed single-track
bike trails at TFE MENDELU was the same visible experience regarding conflict among
groups of forest visitors, and we can state by this research that offering improved conditions
for a leisure outdoor activity at a locality will keep visitors onside.

5. Conclusions

The presence of single tracks attracts mountain bikers who are willing to make a
longer journey to pay their visit. Their goal is to enjoy the adrenaline-rush bike ride
that single tracks unquestionably provide. Therefore, they do not need to venture into a
surrounding area of the forest ecosystem and, thus, do not interfere with forest management
or other interests in the rest of the forest. There are various groups of forest visitors with
different reasons for moving deeper into the forest ecosystem such as pedestrians, runners,
families with children and people walking dogs. All these recreational functions are
provided alongside forest management activities focusing mainly on timber production.
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The construction of bike trails with single-track parts makes it possible to manage the
movements of bikers on a specific trail (i.e., single tracks). As seen from this study, cyclists
usually follow the marked routes and do not affect the surrounding forest.

The assumption of the narrow design of a single trail up to 1 m in width applied only
in the case of a transverse slope of the terrain of up to approximately 16%. However, to
increase the attractiveness, the trails are traced through a morphologically hilly area. Only
35% of the Track 3 length meets the 1 m width assumption due to the fact of its location on
the plateau. All other trails are actually much wider. With an increasing transverse slope,
the overall width increases rapidly. The most common width, in the range of 1–2 m, is
situated in transverse terrain slopes of 16–42%. Approximately 20–30% of the trail lengths
are traced in transverse slopes of 42–50%, resulting in an overall width of 2–3 m.

When comparing the land use of bike centres, as we can see, the Danish bike trail
centres are smaller than those in Wales, which are located at remote sites, and the Moravian
Karst Single Track Centre, but the design and density of their layout means the area is
better used. When an extension of the bike centre is required, the efficiency parameter can
help forest owners decide whether to extend trails inside or outside of the centre. When the
efficiency parameter is less than 50%, construction inside should be recommended. At the
same time, trails which divert bikers away from forest roads and avoid crossings of single
tracks with forest roads should be given preference. The aim should be to achieve a uniform
distribution of trails so that the forest ecosystem in the related parts of a single-track centre
is not impaired.

It is clear from the collected data that the presence of individual routes is beneficial for
the regulation of cyclists on forest paths seeking excitement; at the same time, there is no
conflict with other visitors, who are expecting different experiences from visiting the forest.

The practical benefits of cycling monitoring for forest managers can be summarised as:

• Use for the controlled movement of bikers in the forest area.
• Planning measures to prevent/limit forestry management collision with forest visitors.
• Planning for conservation measures.
• Maintenance priority planning for both single tracks and used forest roads.
• Proposed solutions and recommendations in terms of land development.
• Reporting traffic data to the media for positive public relations.

Author Contributions: P.H. initiated the investigation, drafted and carried out the methodology
and analysis and finalized the manuscript; P.P. carried out the analysis and visualized pictures L.O.
carried out the terrain investigation and drafted the manuscript. All authors have read and agreed to
the published version of the manuscript.

Funding: The research was funded by Mendel University in Brno (grant number: LDF_VP_2018029).

Institutional Review Board Statement: Ethical review and approval were waived for this study, due
to anonymity of this study and no harm or collection of ethical data on humans.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data are available and stored by the correspondent author.

Conflicts of Interest: The founding sponsor, Mendel University in Brno, had no role in the collection,
analyses or interpretation of data; in the writing of the manuscript; in the decision to publish the
results.

References
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Abstract: This is international comparative research on the perception of local residents toward the
natural environment in South Korea, Taiwan, and Indonesia. Through the New Ecological Paradigm
(NEP) investigation, perceptions of natural environmental conservation and utilization of 664 urban
forest visitors were analyzed, and the relationship between recreational behavior, NEP scores, and
demographic characteristics was investigated. The three countries, with different histories, cultures,
and economic development, showed statistically significant differences in all items. In terms of the
NEP response score, Taiwan showed the most positive results with an average of 4.08. Frequent visits
by the elderly and family were common significant factors of high NEP score for all survey locations.
In the confirmatory factor analysis of latent variables for NEP, ‘limits to growth’ were significant in
South Korea while ‘ecological crisis’ was more significant in Taiwan and Indonesia. Forest experience
frequency was a common factor affecting NEP, indicating that frequent forest visits during leisure
time are a major factor in improving the ecological paradigm.

Keywords: NEP; nature experience; Asia; outdoor recreation; urban forest

1. Introduction

A number of studies on human psychological and physical health recovery effects in
forests have reported that experiences and recreational activities in natural environments
have a positive influence on humans [1–6]. Exposure to and recreational experiences in
natural environments are directly associated with people’s perception in which the cor-
relation between the perception of natural environment and recreational behaviors, such
as forest experience frequency, visit duration, and activities, has been empirically studied
in previous research [7–10]. In an international comparative study on 741 individuals,
experiences in nature were reported to improve environment-friendly behavior and the
perception of experiences in nature [9]. Furthermore, a study which suggested the mea-
sure for environment-friendly perception also reported that the level of environmental
awareness has a valid correlation with behaviors in natural environments such as forest
experience frequency [7].

In summary, positive perception of nature experiences and natural environment
are closely related to environment-friendly behaviors including outdoor recreational
activities [10–18].

The dominant social paradigm (DSP), which shows rapid economic growth and high
resource requirements after the industrial revolution, anthropocentrically evaluates the
ecological environment, and regards nature as a commodity to be developed [19–22]. The
development of modern civilization and cities, based on the growth of scientific techniques,
led to the blind faith that technical progress could unconditionally help human society. It
was also criticized as a technofix (technological fix) [23–25].
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Catton and Dunlap (1978) explained people’s perception of the natural environment
with the ‘Environmental Worldview’ concept that people’s attitude toward the natural
environment is changing from a DSP to a ‘New Ecological Paradigm (NEP)’ [26]. Fur-
thermore, Dunlap and Van Liere (1978) claimed that the previous economic-centered and
development-oriented conquer paradigm regarding the natural environment transitioned
to an environment-centered NEP [27].

The transition from a DSP to an NEP, starting from the late 20th century, shows a
shift from the idea of human superiority to the recognition of the value of nature itself and
from acknowledging the inevitability of environmental pollution for economic profit to
emphasize the importance of maintaining the health of ecosystems [28–31]. The funda-
mental difference between these two paradigms is whether humans are viewed separately
from or as part of nature [32]. Comparative research on the perception of the natural
environment in industrialized developed countries and developing countries has estab-
lished that countries with a low DSP are highly interested in the environment and have
relatively high motivation to resolve environmental issues, while countries with high DSP
have lower personal interest in the natural environment due to economic and technical
progress [19,20].

After World War II, South Korea achieved the highest rapid economic development
among underdeveloped countries [33]. A distinctive phenomenon of Korean society in its
rapid economic development can be explained by turbo-capitalism theory [34–36], which is
characterized by dichotomous thinking, an unconditional preference for speed, nonreflec-
tive judgment, and the sacrifice of the few for the profit of the many. Such a goal-directed
rapid development paradigm of Korean society led to insufficient leisure time, excessive
labor time, and extremely insufficient time to experience nature [29]. These characteristics
were considered severance with nature and hatred toward natural ecology [37–41].

To investigate the correlation between the perception of countries with different
GDPs and levels of industrial development toward the natural environment, technical
progress and the level of capitalist development were based on the conventional view of
nature. Overcoming material poverty is the top priority of developing countries worldwide;
therefore, the focus is usually on industrial techniques for economic development, despite
environmental pollution, rather than techniques to protect the natural environment [42–44].
A study observed a U-shaped relationship between income level and environmental per-
ception, which can be explained by the difference in economic levels and is similar to the
hypothesis of the Environmental Kuznets Curve (EKC) [45]. Developing countries in Asia
are implementing growth-oriented development policies; the resulting rapid industrial-
ization and urbanization have increased the severity of environmental problems, urban
expansion, and pollution [46–48]. However, it has become an important reference point
for establishing the natural environment protection policy of Asian countries that have
experienced rapid industrial and economic development. Approximately 76% (414 million
hectare) of Asian forests are located in the southeast region, and the decrease in the forest
area of this region accounts for 25% of the global total decrease [49]. Since Asia had the
highest net gain of forest area in 2010–2020, by 2.4 million hectares per year [50], the per-
ceived status of Asian people in southeast area toward natural environmental protection
policies is drawing more attention. Milbrath (1989) emphasized the transition of perception
toward the NEP, which positively impacts the natural environment and formation of nature-
friendly values, from the previous human-centered DSP for sustainable development [51].
Because such a paradigm shift results in daily environmentally friendly practices, it has
been suggested as the ultimate solution for sustainable development [42–59].

Meanwhile, previous international comparative research on this topic has revealed
the relationship between the difference in the natural environment, historical culture, level
of economic development, and perception of the natural environment. Compared to Brazil
and Mexico, the most dichotomous view of the human exception paradigm was observed
in the United States [60]. In a study targeting university students in Mexico, Nicaragua,
Peru, Spain, and the United States, it was found that environmentally friendly perceptions
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are reflected in daily practical behaviors [61]. Another similar study result, by Vicente-
Molina et al. (2013), surveyed three different economic levels, including pro-environmental
behavior and environmental knowledge, of university students in the United States, Mexico,
Spain, and Brazil [62]. In a large-scale international comparative study targeting university
students from 14 countries in Europe and South America, including the United States,
a correlation between positive perception toward the natural environment and nature-
friendly attitude was found [63].

For sustainable technical development and technology transfer of the Asian Forest
Cooperation Organization (AFoCo) and Official Development Assistance (ODA), the extent
of the natural environmental perception of residents in the corresponding society needs to
be proactively considered. However, research on natural environmental perception in Asia
is insufficient and has only provided simple comparisons until today [64,65]. Consequently,
an augmentation strategy for nature-friendly environmental perception based on the level
of perception in different Asian regions is required to decrease deforestation and positive
responses to climate change. Even though the same Asian countries, the perception of
nature and forest conservation might differ by NEP categories and countries, and there is
a particular influence factor, which is the hypothesis of this study. Therefore, this study
aimed to compare and analyze the characteristic differences of natural environmental
perception and investigate popular ecological paradigm facets through a field survey study
on the perception and natural recreational behavior in different Asian countries.

2. Materials and Methods
2.1. Survey Procedure

South Korea, Taiwan, and Indonesia, where the forest area of national land comprises
>50% of forests, and urban forests located close to Seoul in South Korea, Taipei in Taiwan,
Jakarta in Indonesia were selected as the survey locations (Table 1 and Figure 1). The survey
was conducted by researchers each country in the morning and afternoon on weekends
when there was a high traffic of visitors; the trained researchers were supported from
Yeungnam University in Korea, Dong Hwa University in Taiwan, and Bogor Agricultural
University in Indonesia.

Table 1. Description of the surveyed urban forest areas and survey schedule.

Survey Location Areas Survey Date Area (m2) Dominant Vegetation

Seoul forest Seoul,
Korea

2016 June
2017 June

2018 August

480,994 Cercidiphyllum japonicum, Pinus parviflora,
Pinus densiflora

Bukhan mountain forest 76,922,000 Forsythia saxatilis

Da’an urban forest Taipei,
Taiwan

2016 August
2017 May 258,940 Magnolia kobus, Gardenia jasminoides

Taman Menteng forest
Jakarta,

Indonesia
2016 September

2018 August

24,546 Pithecellobium dulce, Ficus lyrata Warb.,
Bauhinia blakeana

Taman Suropati forest 16,328 Swietenia mahagoni, Terminalia catappa

Hutan Kota Srengseng city forest 150,000 Agathis Dammara, Aleurites moluccanus

A structured questionnaire covering general demographic characteristics, visiting
behavior (frequency, length of stay, transportation means, companions, and visit motiva-
tion), and NEP scale was developed for the survey (Table 2). Only those who voluntarily
consented to participate took the survey.
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Table 2. Interview questionnaire.

Categories Question Subjects

Characteristics Age, gender, education, marital status

Visiting behavior Frequency, length of stay, motivation, companions

New Ecological Paradigm (NEP)

Limits to growth
We are approaching the limit of the number of people Earth can support.

Earth has plenty of natural resources if we just learn how to develop them.
Earth is like a spaceship with very limited room and resources.

Anti-anthropocentrism
Humans have the right to modify the natural environment to suit their needs.

Plants and animals have as much right as humans to exist.
Humans were meant to dominate the rest of nature.

Balance of nature
When humans interfere with nature it often produces disastrous consequences.

The balance of nature is strong enough to cope with the impacts of modern industrial nations.
The balance of nature is very delicate and easily upset.

Anti-exceptionalism
Human ingenuity will ensure that we do not make Earth unliveable.

Despite our special abilities, humans are still subject to the laws of nature.
Humans will eventually learn enough about how nature works to be able to control it.

Eco-crisis
Humans are severely abusing the environment.

The so-called ‘ecological crisis’ facing humankind has been greatly exaggerated.
If things continue in their present course, we will soon experience a major ecological catastrophe.

NEP questions were translated into Korean, Chinese, and Indonesian, and survey
results collected from a total of 664 respondents were analyzed. The sample comprised
169 people (84 males and 75 females) from South Korea, 217 (73 males and 144 females)
from Taiwan, and 278 (156 males and 12 females) from Indonesia.

The survey was conducted between 2016 and 2018. The data acquisition took approxi-
mately three years due to limiting conditions such as the general survey procedure of data
acquisition, analysis, errors found, and resurvey; natural weather conditions, including dry
and rainy seasons; religious and cultural characteristics such as Ramadan; and difficulties
such as communication and time differences in performing international research.

To select the survey locations, we consulted research teams from Yeungnam University
in Korea, Dong Hwa University in Taiwan, and Bogor Agricultural University in Indonesia.
The selection criteria included a total size of >1 ha, located at the center of the capital with
high accessibility and diverse vegetation. The field survey was conducted on Saturdays
and Sundays.

2.2. Characteristics of Six Surveyed Urban Forests in Seoul, Taipei and Jakarta

Seoul Forest, Seoul; this is a large-scale urban forest located on the Han River at
the center of Seoul, Korea. After transforming a golf course and horse-riding course
into nature-friendly civil recreational areas in 2005, this place attracted an average of
0.25 million visitors per day (7–8 million visitors per year) [66]. Ecological experience
education programs are provided in the five themes of cultural art, ecological forest, field
study, wetland ecology, and waterside areas. There were 415,795 trees of 95 different species
in this forest (Table 1). Bukhan Mountain, Seoul; located in the north of downtown Seoul,
this functions as a wild natural environmental downtown forest with high accessibility.
This location contains more than 1300 species of flora and fauna. There are also many
historical and cultural sites, including the Bukhansanseong Fortress with over 2000 years
of history and over 100 Buddhist temples [67]. The ecological education center of the
Ministry of Environment is located here, providing ecological education to citizens. It is
a representative forest recreational area with 5.5 million annual visitors and 71.8 km of
walking and hiking trails.

Da’an urban forest, Taipei; this forest is located to the south of downtown Taipei and
known as ‘Taipei’s lung’; approximately 10,000 to 30,000 people visit daily. Natural recre-
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ational experiences, such as flower exhibitions, are provided, as well as lakes, playgrounds,
and walking trails. The forest consists of 60 different forest tree types [68,69].

Taman Menteng, Jakarta; located at the center of Jakarta, this was a soccer stadium
transformed into an urban forest. Here, opportunities for the promotion of health and
nature experiences are provided through several sports facilities, greenhouses, lawn plazas,
and bicycle and horse-riding trails, and approximately 2200 people visit this urban forest
every day (0.8 million visitors per year) [70]. Taman Suropati, Jakarta; in 1920, the Burge-
meester Bisschopplein park was made public. It now functions as a recreational leisure
space as Taman Suropati in Jakarta [71]. Hutan Kota Srengseng, Jakarta; this forest was
created in 1995 and is located in the west of Jakarta. There are various inhabits and high
tree density with 2570 trees per ha [72].

2.3. Survey Instrument and Statistical Analysis

The NEP scale test, revised by Dunlap et al. (2000), was used to investigate the
level of natural environmental perception [11]. A total of 15 questions were classified
under five categories: ‘limits to growth’, ‘anti-anthropocentrism’, ‘balance of nature’, ‘anti-
exceptionalism’, and ‘ecological crisis’ [11]. A five-point scale was used as the response
method. The even-numbered questions were composed for reverse scoring, securing an
improved balance compared with the existing NEP test. Further, visitor demographic
information—that is, gender, age, educational level, and marital status, along with informa-
tion on the type of visit, such as the motivation to visit, frequency of visit, type of company,
and length of visit—were investigated (Table 2).

The collected data were subjected to variance analysis using the statistic software
SPSS 25 (Statistical Package for the Social Sciences ver.25 by IBM SPSS Statistics) to de-
termine the difference between countries and NEP categories, and AMOS 25 (Analysis
of Moment Structure ver.25 by IBM SPSS AMOS) was used to confirm the validity of the
CFA (Confirmatory Factor Analysis) model. The reliability verification of the NEP scale
for the investigation of natural environmental perception was performed. The internal
reliability of each survey location was verified using Cronbach’s alpha, and the Cronbach’s
alphas were 0.798, 0.811, and 0.760 for Seoul, Taipei, and Jakarta, respectively, suggesting
its suitability for this research.

3. Results
3.1. Visiting Behavior Comparison and NEP Scores in Three Countries

The demographic and behavioral characteristics of the respondents are shown in
Table 3. In terms of visiting behavior, families visiting together were the most frequent in
South Korea (36.5%) and Taiwan (53%), whereas individual visits were the most frequent
in Indonesia (49.0%). The motivations for visits were outdoor activities (46.8%), such as
jogging and walking in South Korea, and experiences in nature such as rest and recharge,
relaxation, and breathing fresh air in Taiwan (50.0%) and Indonesia (70.3%). The visiting
frequency is closely related to the nature experience volume; thus, it is an important factor
in natural environmental perception [41]. The most common frequency of visits was once
per month, once per week, and 3–5 times per year in South Korea (42.9%), Taiwan (47.8%),
and Indonesia (56.7%), respectively. This indicates that the nature experience volume of
the Taiwanese respondents was the highest and that of the Indonesian respondents was
the lowest. In terms of visit time, short visits lasting less than 1 h were the most frequent
in South Korea (42.1%) and Taiwan (40.1%), and visits lasting less than 2 h were the most
frequent in Indonesia (46.7%).

Based on the visiting frequency and time, it was concluded that people visit more
frequently and stay for a shorter time in South Korea and Taiwan, while in Indonesia, the
frequency of nature experience is low, but visitors stay for a longer time.

Different results in terms of the perception of the natural environment in three coun-
tries with different histories, cultures, and natural environments were expected (Table 4).
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Table 3. Characteristics and visiting behavior of respondents in three countries (%).

Variables Korea
(n = 169)

Taiwan
(n = 217)

Indonesia
(n = 278)

Characteristics

Gender
Male 58.7 33.5 56.0

Female 41.3 66.8 44.0

Age

20s 9.5 39.7 6.0
30s 21.4 26.8 39.7
40s 30.2 17.2 31.7
50s 29.4 9.5 15.7

60s and over 9.5 6.9 7.0

Education
High school or below 11.1 20.3 50.0

College or above 88.9 79.7 50.0

Marital status

Single 25.4 54.3 9.3
Married or living together 70.6 44.8 83.0

Separated or divorced 1.6 0.9 4.7
Widowed 2.4 0.9 3.0

Behavior

Companions

Alone 11.9 12.1 49.0
With family 36.5 53.0 36.0

With neighbor, relative 15.9 1.7 -
With friend, colleague 35.7 33.2 15.0

Motivation

Outdoor activity 46.8 31.5 10.3
Nature experience 33.3 50.0 70.3

For the children 9.5 6.9 19.3
Others 10.3 11.6 -

Frequency

>1/week 24.6 47.8 14.7
1/month 42.9 38.8 11.3

3–5/a 20.6 7.8 56.7
<1/year 11.9 5.6 17.3

Visit duration
<1 h 42.1 40.1 33.3
>2 h 37.3 38.4 46.7
<4 h 20.6 21.6 20.0

Table 4. Comparison of the average and variance analysis for NEP scores in three countries.

Categories Korea Taiwan Indonesia F-Value

Limits to growth 3.51 4.00 3.34 112.727 ***
Anti-anthropocentrism 3.79 4.20 2.21 990.216 ***

Balance of Nature 3.66 4.06 3.65 43.120 ***
Anti-exceptionalism 3.11 3.98 3.01 257.784 ***

Eco-crisis 3.87 4.16 3.33 175.015 ***
F-value 112.238 *** 8.951 *** 80.912 ***
Average 3.59 4.08 3.11 505.686 ***

Notes: *** p < 0.001.

3.2. Analysis of the NEP in Korea

The NEP results according to the demographic and behavioral characteristics of South
Korea are shown in Table 5. Thus far, several studies have examined the relationship
between the level of education and natural environmental perception [73–76]; in this study,
the positive perception of highly educated respondents was verified in four NEP categories
(p < 0.01). No statistically significant response with respect to gender, age, or marital
status was found. The difference based on the type of company was verified in two NEP
categories, and respondents visiting with family (3.73) showed the most positive perception
of the natural environment in the total average NEP score (p < 0.05).
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Table 5. Variance analysis for NEP scores with characteristics and behavior in Korea.

Category Limits to
Growth Anti-Anthropocentrism Balance of

Nature Anti-Exceptionalism Eco-Crisis Average

Education
High school 3.19 3.29 3.33 2.74 3.50 3.21

College 3.54 3.85 3.70 3.15 3.92 3.63
t-value

(p)
−2.854 **

(0.008)
−2.798 **

(0.006)
−1.836
(0.069)

−3.375 **
(0.002)

−2.345 *
(0.021)

−4.059 **
(0.001)

Companions

Alone 3.67 3.87 3.58 2.73 3.82 3.53
Family 3.64 3.90 3.76 3.26 4.10 3.73

Neighbor 3.02 3.47 3.32 2.87 3.62 3.26
Friend 3.51 3.84 3.68 3.23 3.78 3.61
F-value

(p)
3.245 *
(0.014)

1.423
(0.230)

1.790
(0.135)

2.380
(0.055)

2.817 *
(0.028)

2.924 *
(0.024)

Motivation

Activity 3.51 3.70 3.59 2.99 3.93 3.54
Nature 3.49 3.87 3.70 3.18 3.64 3.58

Children 3.56 3.67 3.89 2.97 4.06 3.63
Others 3.49 4.03 3.62 3.51 4.18 3.76
F-value

(p)
0.028

(0.994)
1.036

(0.379)
0.642

(0.589)
2.205

(0.091)
3.483 *
(0.018)

0.616
(0.606)

Visit frequency

1/week < 3.77 4.20 3.85 3.31 4.02 3.83
1/month 3.51 3.78 3.77 3.06 4.04 3.63
3–5/year 3.32 3.55 3.47 2.97 3.65 3.39
1/year > 3.27 3.38 3.18 3.09 3.33 3.25
F-value

(p)
2.763 *
(0.045)

6.601 *
(0.000)

4.415 **
(0.006)

1.198
(0.313)

7.310 ***
(0.000)

5.941 **
(0.001)

Notes: * p < 0.05, ** p < 0.01, *** p < 0.001; High school: high school or below; College: college or above; Activity: outdoor activity, nature:
nature experience.

In the ecological crisis category of the motivation to visit, other (4.18) and time spent
with children (4.06) were the highest, and no significant difference was found in the
other four NEP categories. In terms of visiting frequency, the statistical significance was
verified in four NEP categories, excluding anti-exceptionalism. Respondents who visited
once per week gave the most positive response (3.83, p < 0.01), which corresponded to
previous research on the frequency of experiences in nature and perceptions of the natural
environment [41,77–81].

Thus, based on the investigation results, level of education, type of company, mo-
tivation to visit, and frequency of visits were found to be statistically significant factors
affecting the level of natural environmental perception in South Korea.

3.3. Analysis of the NEP in Taiwan

The NEP results, depending on the demographic and behavioral characteristics of the
survey participants in Taiwan, are presented in Table 6. There was no significant difference
in NEP scores depending on age, motivation to visit, or length of stay. The NEP scores with
age and level of education were statistically significant only in the eco-crisis category, and
females (4.21) and university students (4.20) showed a higher NEP scores than males (4.05)
and high school students (3.98), respectively (p < 0.05).

Married (4.17) and single (4.05) respondents had a positive natural environmental
perception, presenting obvious contrast with bereaved respondents (3.37) (p < 0.05). Marital
status generally affects human quality of life [82–84]. Based on the analysis results of
Taiwanese respondents, it was concluded that marital status is significantly positively
correlated with the perception of the natural environment.

A significant difference was found in the limits to the growth category of the company
type. Visiting alone was the most common (4.13), followed by visiting friends (4.00),
family (3.99), and neighbors and groups (3.33) (p < 0.05). Partial correlation with the type
of company was identified, and individual visitors were found to sensitively recognize the
limitations of the growth of mankind in the global environment.
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Table 6. Variance analysis for NEP scores with characteristics and behavior in Taiwan.

Category Limits to
Growth Anti-Anthropocentrism Balance of

Nature Anti-Exceptionalism Eco-Crisis Average

Gender
Male 4.03 4.15 4.00 3.91 4.05 4.03

Female 3.98 4.23 4.09 4.01 4.21 4.10
t-value

(p)
0.689

(0.491)
−1.269
(0.206)

−1.151
(0.251)

−1.622
(0.106)

−2.083 *
(0.038)

−1.445
(0.150)

Education
High school 3.94 4.09 4.01 3.96 3.98 4.00

College 4.01 4.23 4.07 3.98 4.20 4.10
t-value

(p)
−0.739
(0.463)

−1.865
(0.063)

−0.677
(0.499)

−0.266
(0.790)

−2.543 *
(0.012)

−1.679
(0.095)

Marital status

Single 3.98 4.20 4.01 3.95 4.14 4.05
Married 4.11 4.11 4.17 4.17 4.28 4.17
Divorced 3.33 4.17 4.17 3.83 4.17 3.93
Widowed 3.00 3.83 3.33 3.50 3.17 3.37
F-value

(p)
3.508 **
(0.008)

0.443
(0.777)

1.889
(0.113)

1.274
(0.281)

1.920
(0.108)

2.598 *
(0.037)

Companions

Alone 4.13 4.21 4.05 4.11 4.20 4.14
Family 3.99 4.19 4.12 4.00 4.18 4.09

Neighbor 3.33 4.08 3.83 3.83 3.83 3.78
Friend 4.00 4.22 3.98 3.91 4.12 4.05
F-value

(p)
3.208 *
(0.024)

0.190
(0.903)

1.466
(0.225)

1.683
(0.172)

0.713
(0.545)

1.391
(0.246)

Frequency

1/week < 4.15 4.26 4.30 4.26 4.41 4.27
1/month 3.87 4.13 3.96 3.87 4.01 3.97
3–5/year 4.02 4.28 4.09 4.15 4.23 4.16
1/year > 4.08 4.03 4.18 4.01 4.23 4.11
F-value

(p)
3.611 *
(0.014)

2.259
(0.082)

2.639
(0.050)

4.634 **
(0.004)

4.275 **
(0.006)

4.848 **
(0.003)

Notes: * p < 0.05, ** p < 0.01; High school: high school or below; College: college or above; Marial status: married or living together,
divorced, or separated.

In terms of frequency of visits, the limits to growth (p < 0.05), anti-exceptionalism
(p < 0.01), and eco-crisis categories (p < 0.01) were all statistically significant, and a more
positive perception appeared with a higher frequency of visits. Similar to the case of South
Korea, the frequency of visits was deduced to be a major influential factor for the NEP
(Table 4) in Taiwan, which is in line with previous studies on the frequency of visits and
preference for the natural environment [41,77–81]. However, those who visited once a
month had a lower perception in all categories compared to groups with a higher frequency
of visits, showing different patterns compared to extant research results.

Thus, the statistical significance between NEP scores and factors such as gender, level
of education, marital status, type of company, and frequency of visits in Taiwan was not
verified completely, but by categories partly.

3.4. Analysis of the NEP in Indonesia

The NEP results according to the demographic and behavioral characteristics of
Indonesia are presented in Table 7. According to the age-group comparison, the total
average natural environmental perception of the respondents in their 50s (3.15) and over 60s
(3.15) was the most positive (p < 0.05), and those in their 50s in the balance of nature category
(3.85, p < 0.05), in their 20s and 60s in the anti-exceptionalism category (3.19, p < 0.05),
and in their 40s in the eco-crisis category (3.49, p < 0.05) displayed a high NEP scores.
These results are in good agreement with previous research results, which reported more
positive perceptions of the natural environment and nature-based leisure with increasing
age [85–90].

In the analysis of different levels of education, high school graduate respondents
had a more positive natural environmental perception in the balance of nature (3.71,
p < 0.05) and anti-exceptionalism (3.06, p < 0.05) categories compared to the university
graduate respondents, in contrast with the results from South Korea and Taiwan. The
positive groups for the NEP categories differed in terms of marital status, displaying varied
results compared to South Korea and Taiwan; hence, it was difficult to determine a pattern
for interpretation.
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Table 7. Variance analysis for NEP scores by characteristics and behavior in Indonesia.

Category Limits to
Growth Anti-Anthropocentrism Balance of

Nature Anti-Exceptionalism Eco-Crisis Average

Age

20s 3.11 2.31 3.70 3.19 3.19 3.10
30s 3.34 2.14 3.63 2.96 3.24 3.06
40s 3.35 2.26 3.56 3.04 3.49 3.14
50s 3.35 2.30 3.85 2.91 3.31 3.15

60s over 3.41 2.13 3.67 3.19 3.33 3.15
F-value

(p)
1.576

(0.181)
1.532

(0.193)
3.334 *
(0.011)

2.613 *
(0.036)

5.813 ***
(0.000)

2.824 *
(0.025)

Education
High school 3.32 2.20 3.71 3.06 3.30 3.12

College 3.36 2.22 3.59 2.95 3.37 3.10
t-value

(p)
−0.743
(0.458)

−0.191
(0.849)

2.398 *
(0.017)

2.220 *
(0.027)

−1.467
(0.143)

1.047
(0.296)

Marital status

Single 3.38 2.08 3.73 3.11 3.21 3.09
Married 3.30 2.29 3.65 3.08 3.35 3.15
Divorced 3.72 2.28 3.11 2.67 3.33 3.02
Widowed 2.96 2.07 3.74 2.85 3.44 3.01
F-value

(p)
4.015 **
(0.002)

1.241
(0.290)

4.680 ***
(0.000)

2.379 *
(0.039)

0.853
(0.513)

1.504
(0.189)

Companions

Alone 3.33 2.20 3.58 2.96 3.32 3.08
Family 3.31 2.24 3.71 3.03 3.40 3.14
Friend 3.45 2.16 3.74 3.11 3.21 3.13
F-value

(p)
2.102

(0.124)
0.526

(0.591)
3.414 *
(0.034)

2.382
(0.094)

3.025
(0.050)

3.172 *
(0.043)

Motivation

Activity 3.18 2.24 3.56 3.12 3.34 3.09
Nature 3.37 2.21 3.69 2.96 3.31 3.11

Children 3.29 2.20 3.55 3.14 3.41 3.12
F-value

(p)
3.480 *
(0.032)

0.067
(0.935)

2.989
(0.052)

5.009 **
(0.007)

1.410
(0.246)

0.195
(0.823)

Frequency

>1/week 3.26 2.21 3.77 3.14 3.27 3.13
1/month 3.23 2.28 3.62 3.18 3.40 3.14

3–5/a 3.37 2.18 3.67 2.99 3.35 3.11
<1/a 3.37 2.25 3.51 2.85 3.29 3.05

F-value
(p)

1.874
(0.134)

0.527
(0.664)

2.639
(0.050)

5.463 **
(0.001)

0.810
(0.489)

1.740
(0.159)

Visit duration

in 1 h 3.35 2.20 3.74 3.00 3.30 3.12
in 2 h 3.34 2.23 3.62 3.01 3.32 3.10

over 4 h 3.32 2.17 3.58 3.00 3.42 3.10
F-value

(p)
0.065

(0.937)
0.381

(0.684)
3.047 *
(0.049)

0.029
(0.971)

1.554
(0.213)

0.250
(0.779)

Notes: * p < 0.05, ** p < 0.01, *** p < 0.001; High school: high school or below; College: college or above, marriage status: married or living
together, divorced, or separated, activity: outdoor activity, nature: nature experience.

In terms of comparison with different types of companies, those who visited with
family (3.14, p < 0.05) and friends (3.13, p < 0.05) had a more positive perception of the
natural environment than those who made ‘individual’ visits, and these results were also
obtained for the balance of nature category. In terms of motivation to visit, the group
visiting for a nature experience showed a positive response in the limits to growth (p < 0.05)
and the balance of nature (p = 0.052) categories, and the group visiting to spend time with
their children (3.14, p < 0.01) showed a high value in the anti-exceptionalism category.
Although there was no statistical significance (p = 0.503), these results are similar to the
NEP results in Taiwan, where nature experience (4.18) and children (4.09) were the main
motivations for visiting.

Similar to South Korea and Taiwan, which displayed high NEP scores with an in-
creasing frequency of visits, statistical significance was verified in the anti-exceptionalism
(p < 0.01) and balance of nature (p = 0.050) categories. In terms of the length of visit, only
the balance of nature category was statistically significant (p < 0.05), and the NEP score of
respondents who stayed for less than 1 h (3.74) was high.

Thus, the factors affecting the level of natural environmental perception of the par-
ticipants from Indonesia were age, level of education, marital status, type of company,
motivation to visit, frequency of visit, and length of visit.
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3.5. Confirmatory Factor Analysis of Differences in Three Countries

To verify the validity of the NEP measurement variables, a CFA was individually
conducted for South Korea, Taiwan, and Indonesia (Table 8). The final model consisted of
a total of 15 observed variables, three from each of the five latent variables, that is, limits
to growth, anti-anthropocentrism, balance of nature, anti-exceptionalism, and eco-crisis,
according to the NEP question structure. To verify the discriminant validity, construct
reliability (CR) and average variance extracted (AVE) were calculated by the formula of
Hair et al. [91]. Table 9 summarizes the suitability of the models for each country.

CR =
(∑ standardized f actor)2

(∑ standardized f actor)2 + (∑ Error variance)

AVE =
∑ standardized f actor2

Number o f items

Table 8. CFA model regression coefficient and model reliability for NEP scores of survey locations (Ko-
rea/Taiwan/Indonesia).

Category NEP Number Korea Taiwan Indonesia

Limits to growth

ß-coeff.
1 0.820 0.569 0.601
6 0.829 0.480 0.773
11 0.387 0.699 0.430

CR 0.895 0.796 0.815
AVE 0.757 0.671 0.609

Anti-anthropo-centrism
ß-coeff.

2 0.670 0.673 0.605
7 0.638 0.660 0.445
12 0.692 0.587 0.588

CR 0.864 0.850 0.767
AVE 0.680 0.655 0.527

Balance of nature

ß-coeff.
3 0.563 0.821 0.737
8 0.687 0.589 0.581
13 0.402 0.641 0.453

CR 0.821 0.873 0.811
AVE 0.616 0.701 0.598

Anti-exceptionalism
ß-coeff.

4 0.626 0.632 0.655
9 0.678 0.465 0.518
14 0.511 0.735 0.795

CR 0.834 0.823 0.852
AVE 0.630 0.615 0.665

Eco-crisis

ß-coeff.
5 0.758 0.848 0.442
10 0.476 0.640 0.749
15 0.658 0.798 0.735

C.R 0.834 0.920 0.824
AVE 0.635 0.795 0.621

ß-coeff.: Standardized coefficient, CR: Construct reliability, AVE: Average variance extracted.

Table 9. CFA model suitability for NEP scores of survey locations (Korea/Taiwan/Indonesia).

Chi-Square d.f. IFI Dlta2 TLI rho2 CFI RMSEA

Korea 119.002 ** 80 0.937 0.913 0.934 0.054
Taiwan 103.735 * 80 0.970 0.960 0.969 0.037

Indonesia 136.922 *** 80 0.915 0.880 0.911 0.052

Notes: * p < 0.05, ** p < 0.01, *** p < 0.001.
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The root mean square error of approximation (RMSEA), which is the interpretation
criterion for suitability, was <0.6, and thus satisfactory for all three models [92]. The IFI
(Incremental Fit Index), TLI (Tucker–Lewis index), and CFI (Comparative Fit Index) were
almost >0.9 in all cases, except for Indonesia’s TLI at 0.880, confirming good suitability [93].

Based on the standardized lambda analysis results for each location, the limits to
growth of South Korea and the eco-crisis of Taiwan and Indonesia were relatively high
(Table 8). South Korea showed loaded values of 0.829 to 0.387, and the factor loaded values
for Questions 1 and 6 in limits to growth and Question 5 in eco-crisis were high. Taiwan
showed loaded values of 0.848 to 0.465, and the factor loaded values for Question 3 in
balance of nature, Question 14 in anti-exceptionalism, and Questions 5 and 15 in eco-crisis
were high. Indonesia displayed loaded values of 0.795 to 0.430 and high factor loading
values for Question 6 in limits to growth, Question 3 in balance of nature, Question 14 in
anti-exceptionalism, and Questions 10 and 15 in eco-crisis. None of the survey locations
showed a major explanation for anti-anthropocentrism.

It is difficult to deduce a model that is applicable to three different Asian countries,
and in our models, the factor with a loaded value <0.5, appeared in all survey locations.
Nevertheless, the models presented an AVE value >0.5, and CR >0.7, satisfying the internal
consistency and convergent validity (Table 9).

4. Discussion
4.1. International Comparative Study in Asian Countries

Based on the research results on the relationship between nature recreational behav-
ioral patterns of residents, New Environmental Paradigm, and the demographic charac-
teristics, the NEP scores of South Korea, Taiwan, and Indonesia showed a statistically
significant difference in all categories. Previous studies identified gender, age, educational
level, and economic power as the factors affecting perception toward the natural environ-
ment [94,95], and the current study also obtained the identical results. Although they are
all Asian communities, different results were obtained because of their different histories,
cultures, and natural environments [60,61].

The difference in NEP response scores can be explained by the difference in economic
level, and similar to the hypothesis of Environmental Kuznets Curve [45], the relation-
ship between economic level and environmental perception was observed. Indonesia is
economically developing, and citizens’ perceptions of the natural environment are not
positive when compared with South Korea and Taiwan. However, Taiwan, which achieved
rapid economic growth earlier than South Korea, showed the highest NEP scores. ‘Limits
to growth’ in Korea and ‘eco-crisis’ in Taiwan and Indonesia were analyzed with a high
standardized coefficient in the CFA model.

The level of education, type of company, and frequency of visits were the most
common factors affecting NEP in all three countries. A higher NEP score was observed
with a higher frequency of visits and when respondents were accompanied by family and
friends. The South Korean and Taiwanese participants presented a higher perception of
environmental conservation with a higher level of education (see Table 3), similar to the
results of previous studies [73–76], while the opposite results were observed in Indonesia.

4.2. Critical Elements: Having Opportunity for Nature Experience Influencing NEP

Many previous studies have thus far reported that a higher frequency of visits to a
green area leads to an increase in nature experience, positive natural environmental percep-
tion, and nature-friendly behavior [41,77–81,96]. This is similar to Wade and Swanston’s
(2013) claim that experience influences perception, which refers to the correlation between
the frequency, or forest experience, and the perception of the natural environment [97].

The frequency of visits in Indonesia, where leisure time was insufficient due to eco-
nomic development, and its NEP score was the lowest. This is in line with a previous study
that revealed the relationship between the difference in forest experience opportunities by
GDP and perception of the natural environment [98].
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The GDP per capita based on purchasing power parity was highest in Taiwan at
$55,078, followed by Korea at $43,124 and Indonesia at $12,074 [99], which correspond to
the order of the three countries for the frequency of visits to urban forests as well as the
level of NEP. It can be interpreted as a correlation between the economic level of ordinary
citizens, securing opportunities to experience forests (frequency of visits), and perception
of the natural environment (NEP).

In South Korea, during the rapid industrial development phase in the 70s, people had
excessive working hours and insufficient leisure time for any nature experience [33,41].
The increase in the frequency of forest experience is closely related to the improvement
of natural environmental perception and is also in accordance with the augmentation of
leisure time and household income through national economic development.

As demonstrated by Bentler and Speckart (1979), frequent visits to green areas would
inspire the perception of the natural environment, which is expected to induce nature-
friendly behavior [100]. Therefore, a policy that can increase opportunities to experience
nature is necessary.

4.3. Study Limitations

There are two major limitations in this study that could be addressed by future research.
For this international comparative study, different samples in the six locations in three
countries. To compare countries, sampling locations, customs, climate, history, and culture
should consider how representative the samples are of the respective populations because
these may have influenced the respondents’ mindset. However, it was impossible to
completely match the survey period and the additional survey by location because it did not
sufficiently consider each location’s culture, religious event period, and seasonal weather.

However, this study presents a meaningful international comparative study of Asia
before the COVID-19 outbreak nevertheless, since the paradigm has changed significantly
in the field of natural recreation before and after COVID-19 [101–103].

In addition, these survey locations demonstrate significant differences, preventing the
development of a single CFA model to explain all three Asian countries. A follow-up study
may consider applying various and detailed indicators of each country’s social, economic,
leisure, and tourism fields in addition to the factors used in the current study.

5. Conclusions

The purpose of this study was to compare and analyze the differences of environmen-
tal paradigms through a field survey on the perception and recreational behavior of visitors
in six different urban forests in three other Asian countries. Overall, this study found that
an increase in the frequency of forest experiences was closely related to improving positive
environmental perception, and this is also in accordance with the increase in leisure time
through national economic development. Understanding natural environmental percep-
tions and socio-economic conditions in South Korea, Taiwan, and Indonesia will lead
to easy accessibility and a high frequency of visits to secure sufficient nature experience
capacity. Developing an explanatory model that fits the current status of each country is
another further research.
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Abstract: With the acceleration of urbanization and industrialization, air pollution is becoming one of
the most serious problems in cities. Urban green spaces, as “green infrastructure”, are an important
part of urban ecosystems for air purification. Therefore, 10 typical green spaces of urban parks in
the city of Xi’an, China, were selected as study areas according to vegetation structure and species
composition. Considering meteorological factors and time changes, the effects of the selected green
spaces with different vegetation structures of different heights on the reduction in airborne particulate
matter concentration were explored. The results showed that the following: (1) Temperature, relative
humidity, wind speed, and air pressure had significant correlation with the concentration of airborne
particulate matter at the different heights, and the correlations were the same at 1.5 m and 5 m.
(2) After heating in winter, the concentration of airborne particulate matter with different particle
sizes increased significantly. The concentration of airborne particulate matter showed different trends
throughout the day, and the small particles (PM1 and PM2.5) had a trend of “lower in the morning
and evening, and higher at noon”, while the large particles (PM10 and TSP) gradually decreased over
time. (3) In the selected green spaces with different vegetation structure types, the concentration of
airborne particulate matter below the canopy (1.5 m) was generally higher than that in the middle
of the canopy (5 m), but the effects of reducing the concentration of airborne particulate matter
were consistent at the different heights. (4) The adsorption capacity of PM1 and PM2.5 concentration
was strong in the partially closed broad-leaved one-layered forest (PBO), and poor in the partially
closed broad-leaved multi-layered forest (PBM). Partially closed broad-leaved multi-layered forest
(PBM) and partially closed coniferous and broad-leaved mixed multi-layered forest (PMM) also
had strong dust-retention effect on PM10 and TSP, while closed broad-leaved one-layered forest
(CBO) had a poor dust-retention effect. The results showed that the reduction effects of urban green
spaces with different spatial structures on air particles were different, and were restricted by various
environmental factors, which could provide a theoretical basis for the optimization of urban green
space structure and the improvement of urban air quality.

Keywords: green space; airborne particulate matter; meteorological parameters; height

1. Introduction

With rapid economic development and urbanization, ecological problems are becom-
ing increasingly prominent, and air pollution has become one of the most serious problems
to be faced by the whole world—especially by largely urbanized and densely populated
countries, such as China [1]. According to the state of China’s Ecological Environment
Bulletin 2019, 157 cities were not up to the desired standards of ambient air quality, account-
ing for 46.6% of the total number of cities in China, with the overall situation not being
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optimistic. Particulate matter with small aerodynamic diameter is the primary pollutant,
with an uneven surface and strong adsorption ability; it can make a variety of harmful sub-
stances in the air attach to its surface—such as polycyclic aromatic hydrocarbons (PAHs),
bacteria, and viruses—and enter the human body through the respiratory tract, directly
endangering human health, and resulting in an increase in death rates from lung cancer [2].
It has been confirmed that air pollution poses a serious threat to human quality of life, and
decreases the life expectancy of inhabitants who live in urban areas [3].

Depending on its aerodynamic diameter, airborne particulate matter can be classified
into total suspended particulate matter (TSP; diameter ≤ 100 µm), inhalable particulate
matter (PM10; diameter ≤ 10 µm), fine particles (PM2.5; diameter ≤ 2.5 µm), and ultrafine
particles (PM1; diameter ≤ 1 µm). PM originates from both natural sources—such as wild-
fires and dust storms [4]—and anthropogenic activities, such as mining and the burning of
fossil fuels [5,6] The burning of fossil fuels for heating in winter releases waste, which pro-
vides direct or indirect conditions for the growth of airborne particulate matter—especially
in the northern part of China. Many practical strategies have been proposed by the public
to reduce particulate pollution in cities. Environmental laws have been passed to lower the
amounts of toxic emissions from factories, modify energy resource structures, and limit
vehicle numbers [7].

However, the control of air pollution is not an overnight action, but a long and
arduous process. Urban green spaces, as “green infrastructure”, are an important part of
urban ecosystems, which play a significant role in improving the ecological environment,
beautifying and optimizing the living environment. Several studies have shown that urban
areas with high green coverage helped to reduce the concentration of airborne particulate
matter, and often had a negative correlation with the latter [8,9]. It was found that the size,
shape, and microstructure of plant leaves in green spaces—such as leaf surface roughness,
waxy layer, and leaf hair—had significant effects on the capture of airborne particulate
matter [10]. Therefore, using green spaces to purify dust in the air is a practical and effective
measure, and the dust-retention ability of plants has become an important index of plant
selection in urban green spaces [11].

The dust-catching ability of different plants in urban green spaces varies greatly. Some
studies have found that the dust-catching ability of different plant communities is as
follows: arbors > shrubs > herbs [12,13]. Tall trees mainly retard and filter the particulate
matter and drifting particulate matter from the outside world, while shrubs and grasses
can effectively intercept the particulate matter from the ground [14]. Przybysz et al. found
that urban meadows accumulate PM from the ambient air more effectively than tradition
lawns [15]. Terzaghi et al. found that an arbor–shrub–grass planting model can better
reduce the concentration of airborne particulate matter [16]. However, McDonald et al.
showed that more particulate matter will be retained in the compound structure of green
spaces with a combination of trees, shrubs, and grass [17]. Therefore, these inconsistencies
require further attention in order to expose the underlying factors. According to the study
of Gao et al., vegetation structure plays a significant role in regulating air pollution, and the
leaf dust retention of even the same species of plants was different in the urban green spaces
with different vegetation structures (e.g., enclosed green spaces had lower dust retention
than open green spaces) [18]. Moreover, Selmi et al. claimed that the dust retention in the
“low” position of the same plant leaves was significantly higher than that in the “high” and
“middle” positions [19]; in other words, different vertical heights of plants in the green
spaces also showed great differences in their ability to reduce the concentration of airborne
particulate matter. Therefore, it is necessary to systematical study the ability of green spaces
with different spatial structures—including vegetation heights—in order to reduce the
concentration of airborne particulate matter.

In addition, meteorological environmental parameters in urban green spaces also
affect the concentration of particulate matter in different sections of vegetation. Wind
speed, temperature, relative humidity, and air pressure affect the diffusion and settlement
of particles with different sizes [20,21]. Wind speed plays an important role in horizontal
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transmission and dilution diffusion [22]. Changes in temperature affect convection in the
vertical direction of the atmosphere which, in turn, affects the concentration of airborne
particulate matter [23]. Changes in relative humidity also increase the concentration of fine
particles [24]. When the air pressure change is obvious, the atmosphere is in an unstable
state, facilitating the vertical diffusion of pollutants [25]. Given the above, the influence of
meteorological factors dust retention should also be comprehensively taken into account.

Therefore, combined with the meteorological parameters, the concentration changes
of particles with different sizes in urban green spaces with different vegetation structures
and types at different heights should be explored in order to provide the optimal urban
green space planning for future air quality improvement. The main objectives of this study
are to investigate the following:

• The factors of meteorological parameters, monitoring time, vegetation structure, and
vegetation height influencing the concentration of airborne particulate matter;

• The differences in the concentration distribution of airborne particulate matter in
urban green spaces with different vegetation structures at different heights.

2. Materials and Methods
2.1. Study Area

Xi‘an, the capital of Shaanxi Province, is located in the central part of the Guanzhong
Plain, between 107.40◦–109.49◦ E and 33.42◦–34.45◦ N, bordering the Wei River in the north
and the Qinling Mountains in the south of China; it is one of the important birthplaces of
the Chinese civilization and nation, and the starting point of the Silk Road. Xi‘an belongs
to the semi-humid continental monsoon climate of the warm temperate zone, with distinct
four seasons: spring is variable, summer is hot and rainy, autumn is cool and rainy, and
winter is dry and cold with little rain or snow [26].

2.2. Classification and Selection of Urban Green Spaces

Through Google satellite image interpretation and field investigation, combined with
the characteristics of urban green spaces in the city of Xi’an (Figure 1), the green spaces
were first divided according to their spatial vegetation structure and species composition.
By using the LAI-2200 Plant Canopy Analyzer and a fisheye camera (Figure 2), the canopy
cover ratios of trees and shrubs were first divided into open green spaces (<10% canopy
cover of trees/shrubs), partially open green spaces (10–40% canopy cover of trees/shrubs),
partially closed green spaces (40–70% canopy cover of trees/shrubs), and closed green
spaces (>70% canopy cover of trees/shrubs). According to the species composition, open
green spaces and partially open green spaces were then divided into two subtypes—lawn,
and grassland—while partially closed green spaces and closed green spaces were divided
into three subtypes: coniferous forest, broad-leaved forest, and coniferous and broad-
leaved mixed forest. Partially closed green spaces and closed green spaces were further
subdivided into two types—one-layered forest, and multi-layered forest—forming a set of
unified standard urban green space classification systems (Table 1) [27].

According to the actual situation of the city of Xi’an, 10 typical and abundant sample
types of sites were selected, including open lawn (O), partially open green space (PO),
partially closed broad-leaved one-layered forest (PBO), partially closed broad-leaved multi-
layered forest (PBM), partially closed coniferous and broad-leaved mixed multi-layered
forest (PMM), closed broad-leaved one-layered forest (CBO), closed broad-leaved multi-
layered forest (CBM), closed coniferous one-layered forest (CCO), closed coniferous and
broad-leaved mixed one-layered forest (CMO), and closed coniferous and broad-leaved
mixed multi-layered forest (CMM). Two or three sample plots of each type were selected as
duplicates, and two public squares with hard pavement were taken as the control groups
(CK), which were quite open and covered by green space around the square. A total of
26 sample plots were finally selected (Figure 3).
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Figure 1. Map showing sampling locations and their repetition.

Figure 2. Fisheye camera view of urban green space classification.
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Table 1. Classification with three levels shown for urban green spaces.

Horizontal Structure Species Composition Vertical
Structure

Urban green
spaces

Open green spaces
(<10% canopy cover

of trees/shrubs)

Lawn mainly dominated by
Cynodon dactylon

Grass flowers mainly dominated by
Veronica persica

–
Partially open green

spaces
(10–40% canopy cover

of trees/shrubs)

Lawn mainly dominated by
Arachis hypogaea

Grass flowers mainly dominated by
Oxalis corymbosa

Partially closed green
spaces

(40–70% canopy cover
of trees/shrubs)

Broad-leaved trees mainly dominated by
Melia azedarach

Coniferous trees mainly dominated by
Pinus tabuliformis

Mixed plants mainly dominated by
Ligustrum sinense and Cedrus deodara

One-layered
Multi-

layered

Closed green spaces
(>70% canopy cover

of trees/shrubs)

Broad-leaved trees mainly dominated by
Platanus orientalis

Coniferous trees mainly dominated by
Picea asperata

Mixed plants mainly dominated by
Koelreuteria paniculata and

Platycladus orientalis

One-layered
Multi-

layered

Figure 3. Panoramic views of 10 different vegetation structures (O: open lawn; PO: partially open
green space; PBO: partially closed broad-leaved one-layered forest; PBM: partially closed broad-leaved
multi-layered forest; PMM: partially closed coniferous and broad-leaved mixed multi-layered forest;
CBO: closed broad-leaved one-layered forest; CBM: closed broad-leaved multi-layered forest; CCO:
closed coniferous one-layered forest; CMO: closed coniferous and broad-leaved mixed one-layered
forest; CMM: closed coniferous and broad-leaved mixed multi-layered forest; CK: the control groups).
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2.3. Field Monitoring

In order to combine the influence of meteorological parameters on reducing the con-
centration of airborne particulate matter in urban green spaces, meteorological parameters
(i.e., temperature, relative humidity, wind speed, and air pressure) were monitored in
sunny, windy, or calm weather. The meteorological parameters were monitored through
the use of handheld weather stations (Kestrel 5500), and the concentrations of airborne
particulate matter (TSP, PM10, PM2.5, and PM1) were measured with handheld particle
counters (Aerocet 831) in the selected plots. In the grid pattern of each sample plot, four
locations were uniformly selected as sampling points to represent the typical sample types.
The monitors were set up at heights of 1.5 m and 5 m in each sample plot—1.5 m is the
average height at which human respiration occurs, while 5 m is the average height at the
middle of the plant canopy; thus, it is convenient to compare the effects of different heights
of vegetation on reducing the concentration of airborne particulate matter. In addition, the
surrounding environment of each sampling plot was consistent, without pollution sources,
and at least 20 m away from the road and the water edge as a buffer, so as to avoid other
factors affecting the experimental results. The data were collected during the three months
from 1 October 2020 to 31 December 2020, which belonged to the pre-heating and heating
periods. Two days were selected from the beginning and the end of each month, and three
time periods per day were taken—from 8:00 to 10:00, 12:00 to 14:00, and 16:00 to 18:00. All
sampling sites were monitored sequentially at the same time.

2.4. Statistical Analysis

In this study, Microsoft Office Excel 2010 software was used for all data recording and
collection. Generalized linear analysis and correlation analysis were used in the statistical
software package IBM SPSS Statistics 19 to model all variables, in order to explore whether
each variable had a significant effect on airborne particulate matter, and to identify how
each variable affected airborne particulate matter concentration. The acceptable significance
level was p < 0.05.

3. Results
3.1. Effects of the Dominated Factors on Airborne Particulate Matter

In this study, it was found that the meteorological parameters, monitoring time, vege-
tation structure, and height had significant effects on the concentrations of PM1 and PM2.5
(Table 2). Some meteorological parameters had a certain influence on the concentrations
of PM10 and TSP. Except for temperature, vegetation structure, and air pressure, the other
factors had significant effects on PM10 and TSP concentrations.

Table 2. Variance analysis of factors affecting PM concentration.

Parameters Df
PM1 PM2.5 PM10 TSP

F-Value p-Value F-Value p-Value F-Value p-Value F-Value p-Value

Temperature 1 2537.40 0.000 1979.89 0.000 2.88 0.090 38.45 0.000

Relative humidity 1 843.40 0.000 865.56 0.000 4.97 0.026 50.14 0.000

Wind velocity 1 247.26 0.000 224.79 0.000 9.12 0.003 5.73 0.017

Air pressure 1 7.42 0.006 4.79 0.029 1.43 0.023 2.16 0.142

Pre-heating and
heating periods 1 3086.40 0.000 3245.85 0.000 8.56 0.003 4.81 0.028

Monitoring time 1 298.35 0.000 446.50 0.000 3.73 0.035 0.49 0.048

Vegetation structure 10 27.35 0.000 10.85 0.001 3.25 0.071 2.00 0.015

Height 1 74.24 0.000 10.97 0.001 23.96 0.000 29.34 0.000

Df: degree of freedom; F-Value: variance test volume; p-Value: significant test of regression equation.
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3.2. Effects of Meteorological Parameters on Airborne Particulate Matter

The results showed that the meteorological parameters—including temperature, rel-
ative humidity, wind speed, and air pressure—had significant correlations with the con-
centration of airborne particulate matter at different vertical heights, and the correlations
of meteorological parameters with the concentration of airborne particulate matter were
consistent at the heights of 1.5 m and 5 m (Table 3).

Table 3. Correlation analysis of meteorological parameters and airborne particulate matter concentrations.

Height Project
Spearman Correlation Test

Temperature
(◦C)

Humidity
(%)

Wind Speed
(m/s)

Air Pressure
(mpa)

1.5 m

PM1 (µg/m3) −0.087 ** 0.175 ** −0.224 ** 0.212 **

PM2.5 (µg/m3) −0.253 ** 0.251 ** −0.188 ** 0.311 **

PM10 (µg/m3) −0.147 ** 0.026 −0.051 * −0.021

TSP (µg/m3) −0.110 ** 0.040 −0.040 −0.087 **

5 m

PM1 (µg/m3) −0.177 ** 0.168 ** −0.229 ** 0.028

PM2.5 (µg/m3) −0.169 ** 0.250 ** −0.193 ** 0.098 **

PM10 (µg/m3) −0.143 ** 0.034 −0.024 −0.056 *

TSP (µg/m3) −0.131 ** 0.020 −0.038 −0.110 **

**: At level 0.01 (two-tailed), the correlation was significant; *: at level 0.05 (two-tailed), the correlation was significant.

During the October–December period of measurement, the temperature varied from
−3.4 to 26.4 ◦C. The effect of temperature on the concentration of airborne particulate
matter at different heights was consistent, showing a significant negative correlation—that
is, the higher the temperature, the lower the concentration of airborne particulate matter
(Figure 4a,b). Humidity had a significant positive correlation with the concentration of
airborne particulate matter (Figure 4c,d). With the increase in relative humidity, PM1
and PM2.5 were more likely to condense, leading to an increase in the concentration of
airborne particulate matter. In this study, the variation range of wind speed was 0–3.5 m/s.
With the increase in wind speed, the diffusion of airborne particulate matter concentration
was promoted, thus reducing the airborne particulate matter concentration (Figure 4e,f).
The vertical atmospheric pressure ranged from 955.2 to 996.4 mPa. The change in air
pressure caused different changes in the concentration of airborne particulate matter with
different particle sizes (Figure 4g,h); it was positively correlated with the concentrations of
fine particulate matter PM1 and PM2.5, but negatively correlated with the concentrations
of particulate matter PM10 and TSP—that is, the higher the air pressure, the lower the
concentrations of PM10 and TSP.

3.3. Effects of Diurnal Variation before and after the Heating Period on Airborne Particulate Matter

The generalized linear models of time—before and after heating—and the concen-
tration of airborne particulate matter were established for statistical analysis, and meteo-
rological parameters were taken into account. The results showed that time in both the
pre-heating and heating periods had significant effects on the concentration of airborne
particulate matter (p < 0.01). The concentration of airborne particulate matter increased
significantly after heating, and the highest concentration reached 10 times that of the pre-
heating period (Figure 5). The concentrations of airborne particles with different particle
sizes were significantly different in different time periods. The smaller particles, such as
PM1 and PM2.5, showed a trend of “lower in the morning and evening, and higher at noon”;
however, PM10 and TSP showed a trend of gradual decrease (Figure 6).
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Figure 4. The relationship between meteorological factors and PM concentration in the different
heights: (a,b) effect of temperature on the concentration of airborne particulate matter; (c,d) effect
of humidity on the concentration of airborne particulate matter; (e,f) effect of wind speed on the
concentration of airborne particulate matter; (g,h) effect of air pressure on the concentration of
airborne particulate matter; “c” stands for correlation coefficient; **: at level 0.01 (two-tailed), the
correlation was significant; *: at level 0.05 (two-tailed), the correlation was significant.
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Figure 5. Changes in airborne particulate matter concentration before and after heating at different
heights. Note: C represents the generalized linear analysis coefficient of the change in airborne
particulate matter concentration before and after heating. The absolute value of C represents the
difference between the factor level and the population mean. (a) Changes in airborne particulate
matter concentration before and after heating at 1.5m height; (b) Changes in airborne particulate
matter concentration before and after heating at 5m height.

Figure 6. Influence of different time periods on airborne particulate matter at different heights. Note:
C1 represents the generalized linear analysis coefficient of the change in airborne particulate matter
concentration in the morning and noon. C2 represents the generalized linear analysis coefficient of
the change in airborne particulate matter concentration in the noon and evening. The absolute value
of C represents the difference between the factor level and the population mean. (a) Influence of
different time periods on airborne particulate matter at 1.5m height; (b) Influence of different time
periods on airborne particulate matter at 5m height.

3.4. Effects of Different Vegetation Structures on the Concentration of Airborne Particulate Matter

The results showed that there were significant differences in height and airborne
particulate matter concentration among the different vegetation structures (Figure 7), and
the concentration of airborne particulate matter below the canopy (1.5 m) was much higher
than that in the middle of the canopy (5 m). There was no significant difference in the
concentration of airborne particulate matter between the control groups (CK) and the
different vegetation structure types.
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Figure 7. Distribution of mean changes in airborne particulate matter by vertical height.

In the sample plots with different vegetation structures, the concentrations of airborne
particulate matter with different particle sizes at different heights were different (Figure 7).
However, the concentration was almost the same in the partially closed broad-leaved multi-
layered forest (PBM). The concentration of PM1 in the closed coniferous one-layered forest
(CCO) had the largest difference, reaching 11.60 µg/cm3. In other vegetation structure
plots, the differences in PM1 concentration at different heights were small. The difference in
PM2.5 concentration was mainly concentrated in the open (O) and partially open (PO) green
spaces, but in the partially closed broad-leaved one-layered forest (PBO), the concentration
at 1.5 m height was much higher than that at 5 m height, and the difference value could
reach 14.27 µg/cm3. In addition to partially closed broad-leaved multi-layered forest (PBM),
the largest difference in PM10 concentration was found in other multi-layered structural
forests, such as PMM, CBM, and CMM. Except for the PBM, partially closed coniferous
and broad-leaved mixed multi-layered forest (PMM) and closed coniferous one-layered
forest (CCO), the difference in TSP concentration in other plots was more than 10 µg/cm3.

Moreover, there were differences in the reduction effect of green spaces with different
spatial vegetation structures on the concentration of airborne particulate matter with
different particle sizes. At the height of 1.5 m, the reduction effects of the 10 different
vegetation structures on PM1 and PM2.5 concentrations were similar, but the reduction
effects on PM10 and TSP concentrations were significantly different; among them, the
partially closed broad-leaved one-layered forest (PBO) and the partially open green spaces
(PO) had the most significant negative effects on PM1 and PM2.5, as well as the strongest
adsorption capacity. The closed broad-leaved one-layered forest (CBO) had a positive
effect on PM10 and TSP, and the concentrations of PM10 and TSP were the highest in this
type of green space. In the partially closed broad-leaved multi-layered forest (PBM), the
concentrations of PM10 and TSP were the lowest, and the dust-retention ability was strong
(Figure 8a).

At the height of 5 m, there were significant differences in PM1 reduction among the
10 green spaces with different vegetation structures (Figure 8b). Except for the partially
closed broad-leaved multi-layered forest (PBM) and the partially closed coniferous and
broad-leaved mixed multi-layered forest (PMM), PM1 concentrations were negatively
affected by other vegetation structures. In particular, the partially closed broad-leaved
one-layered forest (PBO) had the best dust-retention effect for PM1 and PM2.5. In addition,
the partially closed broad-leaved multi-layered forest (PBM), partially closed coniferous
and broad-leaved mixed multi-layered forest (PMM), and closed broad-leaved one-layered
forest (CBO) had positive impacts on PM2.5 concentration—that is, PM2.5 concentration
was higher in these types of green spaces. In the closed broad-leaved one-layered forest
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(CBO), closed coniferous one-layered forest (CCO,) and closed coniferous and broad-leaved
mixed one-layered forest (CMO) there were significant differences in PM10 concentration
reduction, while the other seven types of green spaces had moderate and similar reduction
effects on PM10 concentration. In the closed coniferous one-layered forest (CCO) and the
closed broad-leaved one-layered forest (CBO), TSP concentration reached the maximum
value, and dust-retention ability was weak; however, the partially closed broad-leaved
multi-layered forest (PBM) had a strong reduction effect on PM10 and TSP.

Figure 8. Comparison of airborne particulate matter concentrations in vegetation structures at differ-
ent vertical heights. Note: The values in the figure represent the correlation coefficients of generalized
linear analysis between green spaces with different vegetation structures and concentrations of
airborne particulate matter with different particle sizes—that is, the distance between different factor
levels and the population mean. **: At level 0.01 (two-tailed), the correlation was significant; *: At
level 0.05 (two-tailed), the correlation was significant. (a) Comparison of airborne particulate matter
concentrations in the different vegetation structures at 1.5m height; (b) Comparison of airborne
particulate matter concentrations in the different vegetation structures at 5m height.

In general, the reduction effects of different vegetation structures on the concentrations
of particulate matter with different particle sizes were significantly different, but the
reduction effect was consistent at different heights. Regardless of whether the height was
1.5 m or 5 m, the partially closed broad-leaved one-layered forest (PBO) had the strongest
dust-retention ability for small PM1 and PM2.5 particles, followed by partially open green
spaces (PO). The concentrations of PM1 and PM2.5 were the highest in the partially closed
broad-leaved multi-layered forest (PBM). For the large PM10 and TSP particles, the partially
closed broad-leaved multi-layered forest (PBM) and the partially closed coniferous and
broad-leaved mixed multi-layered forest (PMM) had strong adsorption capacity and a good
dust-retention effect, while the closed broad-leaved one-layered forest (CBO) structure had
a weak reduction effect.

4. Discussion

The results show that the concentrations of airborne particulate matter with different
particle sizes in urban green spaces were all affected by meteorological parameters, moni-
toring time, vegetation structure, and height, indicating that the control of air pollution
by urban green spaces is indeed a complex process, due to the synthetic action of these
factors. Therefore, more factors and their synergies should be taken into consideration for
improving air quality via urban green spaces in the future.

4.1. The Influence of Meteorological Parameters on the Concentration of Airborne
Particulate Matter

Our results showed that temperature, relative humidity, wind speed, and air pressure
had significant differences in their effects on the concentration of airborne particulate matter.
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With the increase in temperature, air convection in the vertical direction was more frequent.
Such gas circulation exchange accelerated the transport of airborne particulate matter, which
was conducive to reducing the concentration of airborne particulate matter [28]. Airborne
particulate matter concentration and relative air humidity showed good consistency. When
the relative humidity of the air increased, the concentration of airborne particulate matter
also increased. The increase in humidity made the moisture in the air increase, the particles
become moist, and the weight of the particles increase, thus reducing the diffusion of the
particles, so that the particles gathered to a certain extent, leading to an increase in the
concentration of the particles in the air [29]. When the relative humidity increased to a
certain extent, the wet sedimentation increased, and then the concentration of airborne
particulate matter decreased. In addition, the increase in wettability and relative humidity
can trigger certain biological particle emission mechanisms, such as active wet ejection of
fungal spores or hygroscopic expansion of pollen fragmentation, thereby increasing the
concentration of airborne particulate matter around the plants [30]. The influence of wind
speed on airborne particulate matter varied with the surrounding environment. In this
study, the conditions of sunny, breezes, or no wind were selected for monitoring (the mean
wind speed was 0.31 m/s), and it was still found that wind speed had a significant negative
correlation with the concentration of airborne particulate matter. The greater the wind
speed, the more conducive to the spread of pollutants, and the less the PM2.5 concentration.
Small wind or no wind, an obvious inversion layer limited vertical movement of the low-
altitude atmosphere [31]. In airborne particulate matter stuck at low heights or close to
the ground, fog/haze weather appeared frequently. The airborne particulate matter was
difficult to spread and not conducive to dilution to the periphery, which facilitated the
formation of local accumulated airborne particulate matter, subjecting the air quality to a
high concentration of pollution [32]. The reason for this was that low-speed wind cannot
carry away water vapor; thus, the increase in humidity was conducive to the formation of
haze [33]. When the air pressure was lower, the concentrations of PM1 and PM2.5 decreased
accordingly. After the change in air pressure, the particles converged to the middle in the
horizontal direction, and moved upward in the vertical direction. At the same time, the
wind speed in the horizontal direction was low, and the horizontal diffusion conditions of
particles were unfavorable [34].

4.2. The Influence of Time on the Concentration of Airborne Particulate Matter

It can be found that time has a significant effect on the concentration of airborne
particulate matter. Airborne particulate matter concentration in the heating period was
much higher than that in the pre-heating period. The causes of this phenomenon were
diverse. In autumn and winter, waste from burning fossil fuels in northern China con-
tributed directly to the increase in the concentration of particulate matter in the air [35].
At the same time, the decrease in temperature and precipitation was not conducive to the
settling of airborne particulate matter [36]. In the winter heating period, broad-leaved trees
shed a large number of leaves, and only some evergreen broad-leaved trees and conifers
act as dust traps; thus, this reduced the adsorption capacity of particles, resulting in a
higher concentration of airborne particulate matter. PM is a kind of aerosol substance, and
this kind of airborne particulate matter has a certain gravity effect. The daily variation of
airborne particulate matter with small particle size reached the maximum value between
12:00 and 14:00 at noon, which may be related to human activities, and the flow of people
was large at noon [37]. The convective exchange and vertical diffusion of the atmosphere
were strengthened, and the thickness of the mixing layer increased [38]. At night, after
sedimentation, the larger diameter particles accumulated continuously near the ground.
At the same time, solar radiation could also be a factor in the diurnal variation of airborne
particulate matter concentration on sunny days [39]. With the emergence of solar radiation
during the day, the ground temperature rose and formed a warm air mass near the ground.
The warm air mass near the ground rose with the particles, so the concentration of particles
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near the ground began to increase at noon, and reached its minimum in the evening with
the influence of temperature and light.

4.3. The Influence of Vegetation Structure on the Concentration of Airborne Particulate Matter at
Different Heights

Among the 10 types of green spaces in this study, the distributions of airborne par-
ticulate matter in different vegetation structures were different. Our results showed that
the concentration of airborne particulate matter in the lower part of the canopy was much
higher than that in the middle part of the canopy, which is consistent with the findings of
Chan [40]. Due to the different underlying surface of the sample sites, with the increase in
height, the atmospheric humidity first decreased, and the concentration of airborne particu-
late matter also decreased [41]. In autumn and winter, when the temperature dropped, fine
particles had a strong suspension capacity in the atmosphere, and were also affected by
various factors at different heights, such as leaf adsorption and branch blocking [42]. Coarse
particulate matter was larger in size, and had obvious sedimentation in the atmosphere.
The concentration near the ground was higher than that at the height of the plant canopy.
With the passage of time, after the heating began, the branches of trees would also block the
diffusion of particles. At the same time, when the temperature dropped, the particles kept
colliding and undergoing friction, condensation, settlement, etc., and their concentration
gradually increased [43].

Green spaces with different special structures had different effects on the reduction
in the concentration of airborne particulate matter with various particle sizes. The larger
the particle size, the stronger the reduction ability of the green spaces. The reason for this
may be that plants could use their special micromorphological structures to play a certain
retention role [44]. The quantity ratio and volume ratio of PM10 retained on leaf surfaces
are often much higher than those of PM2.5 [45], indicating that plants have a stronger effect
on reducing airborne particulate matter with larger particles. The density of particulate
matter was higher than that of the single-layer structure in the green spaces, which may
be related to the higher plant density in the green spaces, along with the poor ventilation
conditions in the forest, which was not conducive to the transport and diffusion of airborne
particulate matter [46]. Sehmel et al. found that when the dust-containing air flow passed
through the tree crown, some dust with larger particles was blocked by the branches/leaves
and fell, and could be returned to the air due to the action of wind and other external
forces, while the other part remained on the surface of the branches and leaves [47]. The
amount of PM gathered on leaves depends on the quantity, size, and morphology of the
leaves, and can also be increased by the presence of epicuticular waxes, in which PM can
become stuck or immersed [48]. In the closed multi-layered structural forest, the vertical
structure of the vegetation was complex and there were many plant species, which to
some extent hinders the airborne particulate matter from settling to the ground [49]. The
particles adsorbed on the surfaces of plant leaves were only temporarily retained, and
were prone to bouncing back and then being suspended in the atmosphere, thus increasing
the concentration of airborne particulate matter [50]. Urban flowering meadows are more
structurally and botanically diverse than lawns. Influenced by natural ecosystems, urban
flowering meadows are mowed less frequently, thus reducing the emission of particulate
matter into the air [15]. However, in the open green spaces dominated by lawns, the
settling effect of airborne particulate matter in the air was less hindered, and the airborne
particulate matter directly settled on the ground due to the effect of gravity [51]. In addition,
mosses showed a higher capability of trapping atmospheric particulate matter than certain
trees [52]. Therefore, different vegetation structures had different distributions of airborne
particulate matter at different heights of vegetation.
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4.4. Limitations and Future Study

The shortcomings of this study are that there was a set period of monitoring the
concentration of particulate matter over the spatial structure, and the setting of the height
gradient was limited. The next step should be to increase the monitoring time and vegeta-
tion height for further study, in order to provide an optimal urban green space planning
scheme for future reduction in the concentration of airborne particulate matter.

5. Conclusions

Taking the urban green spaces with different spatial structures in Xi‘an as the study
area, and considering meteorological parameters, this study quantitatively compared the
effects of monitoring time, spatial structure, and vegetation height on the concentration
of airborne particulate matter in the urban green spaces. The results showed that the
following: (1) There were significant correlations between meteorological parameters and
particulate concentrations. The concentrations of different sizes of particulate matter in
northern China during the heating season are generally higher than those in pre-heating
season. In the evening, the concentration of airborne particulate matter was low. At
noon, the concentrations of PM1 and PM2.5 reached their maximum. The concentrations of
PM10 and TSP reached their maximum in the morning. It is not recommended to go out
during the morning and noon; rather, one should travel less and stay indoors (Figure 9).
(2) The effects of different vegetation structures on reducing the concentration of airborne
particulate matter with different particle sizes were significantly different, but the effect was
consistent at different heights. Partially closed green spaces had strong adsorption capacity
for particles with different sizes, which played a certain reduction role. Moreover, the
concentration of particulate matter below the canopy was generally higher than that in the
middle of the canopy. In order to improve the air quality in the future, the partially closed
space enclosure model can be given priority in the planning and design of urban green
spaces. For the adsorption of fine particulate matter (PM1 and PM2.5), it is recommended
to plant the partially closed broad-leaved one-layered forest (PBO). For PM10 and TSP, the
partially closed broad-leaved multi-layered forest (PBM) and the partially closed coniferous
and broad-leaved mixed multi-layered forest (PMM) are recommended. At the same time,
the terrain of urban forests can be modified to raise the ground for planting in order to
provide potential fresh air during human recreation (Figure 10). The results of this study
identified the dust-retention effects of urban green spaces with different spatial structures,
which can provide parameterization information for air-improvement-oriented planning
and design of urban green spaces in future.

Figure 9. Schematic diagrams of time variation of different particle size concentrations.
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Figure 10. Schematic diagram of the influence of vegetation structure on airborne particulate mat-
ter concentration.
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Abstract: Air pollution is now considered to be the world’s largest environmental health threat,
accounting for millions of deaths globally each year. The social group that is particularly exposed
to the harmful effects of air pollution is children. Their vulnerability results from higher breathing
frequency and being subject to concentration peaks just above the ground. The negative effects of
ambient particulate matter also depend on the time of exposure. A daily route to school can constitute
an important component of children’s physical activity, but air pollution can pose a threat to their
health. Numerous studies have proved that high loads of PM can be effectively reduced by vegetation.
Little is known, however, on whether vegetation can also reduce PM during leaf dormancy. In this
study we investigated the role of trees in air purification during the leafless period in children’s
routes to selected schools located in Warsaw during winter. The results obtained show a weak impact
of the tree canopy in winter.

Keywords: air pollution; particulate matter; WAI; urban trees; brown leaf area index

1. Introduction

Air pollution is now considered to be the world’s largest environmental health threat,
accounting for millions of deaths globally each year [1–3]. The main component of air
pollution is particulate matter (PM), which can be emitted to the atmosphere directly
(primary PM), or can be formed as a result of chemical reactions (secondary PM) [4].
Apart from natural sources of PM, the anthropogenic PM emissions include primarily fuel
combustion and manufacturing processes [5,6]. Recent years have shown that the highest
annual average concentrations of PM10 and PM2.5 in Europe occur in central and eastern
European countries, mainly in Poland [7].

Among various air pollutants, particulate matter (PM), because of their small particle
size, is the most harmful and most representative pollutant [8,9] and its major toxicolog-
ical effects on human health and the environment have been observed for decades [10].
PM has been associated with an increased risk of respiratory health outcomes among
children [11,12] and an increased risk of cardiovascular diseases, including heart failure
and myocardial infarction, hypertension and stroke [13]. Children are a particularly vul-
nerable group to the effects of PM [14], as they are more active, breathe proportionately
more air than adults, their respiratory systems are still developing, and they spend more
time outdoors, inhaling the highest PM concentrations just above the ground. Children
growing up in the most polluted areas reveal significant lung function deficits [15] and
studies show an increased incidence of ADHD [16] and developing allergies [17]. The
locations particularly important in terms of risks of children’s exposure to air pollution are
their routes to school. Walking to school takes up more than 50% of children’s active time,
compared to about 20% spent at school, 10% at home and 1% in green areas [18].
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Concerns over the health and well-being of the city residents, particularly the most
vulnerable groups, make it necessary to take appropriate measures to shield them from
exposure to harmful PM. As a significant share of the children’s daily activities is their
commute to school, the proper design of their routes can support a friendly and healthy
environment and reduce the negative effects of air pollution on their journey [19]. The
selection of proper plant species in these areas can have a positive effect on the ambient
air quality, particularly where PM levels are exceeded [20]. Positive relations between the
presence of greenery and their beneficial role in ensuring children’s health and well-being
have been long investigated. Children who live near urban green areas have better lung
capacity [21], while street trees have been proven to be beneficial for childhood asthma
prevention [22]. Growing up in greener neighborhoods may also be beneficial for brain
development and cognitive functions [23]. Children who grew up in environments with
the lowest levels of green were 55% more likely to develop mental disorders [24].

Factors that influence the ability of plants to accumulate pollutants are the location
and structure of greenery, morphological characteristics of plants forming the plant com-
munity and environmental conditions [25]. Plants do not have the ability to escape from a
contaminated site, and therefore they have evolved mechanisms that allow them to survive
in a contaminated environment. This ability is the basis of phytoremediation technology,
which involves using plants to trap pollutants and, under certain conditions, break them
down. Phytoremediation uses selected species of trees, shrubs and climbers that are able to
accumulate on their leaves PM harmful to human health, thus supporting the process of air
purification from pollutants [26]. Research shows that the presence of plants near build-
ings can have a positive impact on well-being, as well as physical and mental health [27].
However, during the winter, when air emissions are particularly high [28], there is a lack of
comprehensive research on the role of trees in the leafless season, which makes the role of
plants in the winter season unclear. The aim of this study was to determine the extent of
particulate matter pollution that children are exposed to on their routes to school during
the leafless season, and to investigate how the adjacent trees can reduce exposure to high
PM concentrations.

2. Materials and Methods

The study area is located in Warsaw, Poland’s capital and the largest city with a pop-
ulation of 1.79 million [29]. The average annual temperature in Warsaw is about 9.3 ◦C,
while the yearly precipitation is about 695 mm. Despite being a relatively green city, with
the vegetation cover exceeding 50% [30], Warsaw is characterized by the phenomenon
of urban heat island [31]. The character of pollution in Warsaw is typical of large urban
agglomerations, PM2.5, PM10, nitrogen and carbon oxides and sulfur dioxide being the
dominant pollutants [32]. In the very center of Warsaw and in densely populated districts
located outside the city center, high levels of PM have been noted. The analysis of PM
concentrations in the winter season showed that the main emission sources are of anthro-
pogenic origin (energy production based on coal and biomass combustion). In the warm
season, the pollutants mainly originate from local emission sources, mainly urban traffic
and transportation [33]. Warsaw launched the program to improve air quality and has been
continuously encouraging and subsidizing the removal of black-smoke-belching stoves;
however, the share of existing ones still remains at a high level, being unevenly distributed
throughout the city (Figure 1).
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Figure 1. Location of the selected schools and the examined routes and study plots. Examined
schools (A)—no. 319 (Ursynów district), (B)—no. 218 (Wawer district), (C)—no. 385 (Wesoła district),
(D)—no. 70 (Mokotów district).

In this study we investigated the pollution levels during a daily school commute of
children on their way to school. We took into consideration primary schools, due to the
fact that children aged 6–14 are more susceptible to high pollutant concentration levels, but
they are also most likely to commute to school on foot. Due to regionalization of primary
education in Poland, those children are more likely to attend the nearest school. Out of
320 elementary schools in Warsaw [34], we selected four that were located outside the strict
city center, so that the mean annual pollution levels did not differ significantly (Table 1). We
selected schools representing various possible pollution levels originating from municipal
emissions and similar conditions in terms of possible traffic (proximity to larger roads). The
schools were selected in pairs—one group near a cluster of black-smoke-belching stoves
(B and D) and one beyond such a cluster (A and C) (Table 1). One pair (B and C) was
selected in a location where the share of tree-covered areas in the neighbourhood (500 m
buffer zone) was high (over 30%) and the other schools (A and D) were characterized by a
lower share of tree-covered areas in their immediate vicinity (Table 1). For the assessment
of the share of vegetated surfaces and traffic conditions, we used BDOT (Database of
Topographic Objects for Poland), which is the most fundamental source of information on
the location of topographic objects in Poland [35].

Table 1. Characteristics of investigated school locations and neighborhood in a 500 m buffer zone
(source: BDOT 10k) and average annual concentrations of PM2.5 and PM10 [36] and locations of
black-smoke-belching stoves—heating furnaces [37].

School District
Share of Tree

Covered Area in a 500
m Buffer Zone(%)

Mean Annual
Concentration of

PM2,5
(µg/m3)

Mean Annual
Concentration of

PM10
(µg/m3)

Number of Black-
Smoke-Belching

Stoves in 1 Km Buffer

A Ursynów 21.1 20.5 26.8 0
B Wawer 36.6 19.6 25.4 8
C Wesoła 57.2 19.1 24.5 0
D Mokotów 0.7 22.1 29.0 7
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We inventoried all walking routes from the schools’ entrance within a buffer of 400 m
that we observed to be frequently used by children as their home-school routes (after initial
observations conducted during one workday at each of the selected schools). In each of the
locations, we chose 3 to 4 of the main routes most frequently used by the pupils.

Along the routes, we took regular measurements in plots located every 20 m. In each
plot we identified winter vegetation density (LAI) and measured PM concentrations. In
our research we took into account the locations under the tree canopy and beyond the tree
cover. In cases when there was another walking route crossing the path, or where the plot
was located at the edge of the tree canopy, the plot was rejected to avoid the edge effect.

At all locations we measured PM2.5 and PM10 concentrations in each of the study
plots in December 2020 on three windless days (nearest local weather station indicating
winds below 0.2 m/s) at weekly intervals. Measurements for each day were made in the
morning (8–10:00), representing highest concentration rates typical for peak hours (possible
increased loads due to traffic) and in the afternoon (12–14 PM) hours at the time when
children were travelling from school, but also when the PM concentrations recorded could
be lower and originate further from the heating sources.

We measured PM2.5 and PM10 concentrations with the Dust Air device [38] at 140 cm,
corresponding to the height of the primary school pupils. For each school we recorded a
series of measurements in 3 days, every week, meaning there were 3 repetitions per each
school, concerning both morning and afternoon measurements. Each series lasted 60 s
with a 10 s interval between the measurements. In order to determine the relation between
vegetation density and PM loads we measured Leaf Area Index (LAI) along the selected
home-school routes using the SS1-COM-R4 Complete System with Radio Link [39]. The
measurements were taken along the walking routes on their right side in the direction
of walking, the study plots were located 1.5 m away from the side of the pavement. As
the LAI measurement is being calculated per 1 m2, to ensure we captured the diversity of
vegetation density we took 3 adjacent measurements and averaged the score per plot. The
LAI meter is most commonly used to determine the density of canopy; however, during the
vegetation dormancy season it can be effectively used for the assessment of the density of
branches, which could allow for the deposition of PM and also a sheltering of the walking
routes from high loads of pollutants. LAI measured during leafless season is referred to as
Wooden Area Index (WAI), which provides information on the density of woody shoots
and leaves remaining in the winter [40].

Statistical Analysis

We analysed the data on PM concentration and vegetation density in Statistica 10 soft-
ware. We tested the relationship between WAI and PM concentration levels with Pearson’s
correlation (after having confirmed the data is normally distributed with Kolmogorov–
Smirnov test). We used one-way ANOVA for comparing the data at p < 0.05 significance level.

3. Results
3.1. Particulate Matter Content of the Studied Routes to Schools

Ambient air PM concentrations recorded along routes to school in wintertime were
very much associated with the location of the school in terms of the proximity to individual
household heating emitters (Table 1). Irrespective of the PM fraction and the time of day
when measurements were made, significantly higher PM concentrations were recorded
at schools B and D, which were surrounded by more emission sources (Figure 2). Con-
centrations at these locations exceeded the average acceptable level for the 24-h period
(PM10 50 µg/m3). Concentrations recorded in the afternoon were significantly higher than
in the morning during rush hours (Figure 2).
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Figure 2. Mean PM2.5 and PM10 (µg/m3) concentrations of in the morning and evening on the
studied sections of the road to schools from all measurement points. a, b—homogeneous groups,
significant differences at p < 0.05. Letters A–D refer to school’s symbols.

3.2. Vegetation Density along the School Routes in Winter

There were no statistical differences in the amount of WAI along the studied routes to
schools. The average index ranged from 0.2 to 0.6, with high spatial variability (Figure 3).
The highest mean WAI values were recorded in the surroundings of schools A and C
(Figure 3), where the proportion of forests and woodlands was the highest (Table 1).

Figure 3. Comparison of the WAI along the studied routes to schools. a, b—homogeneous groups at
p < 0.05.
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3.3. Relation between PM Concentration and Vegetation Density in Winter

We found an ambiguous negative relationship between the greenery and PM concen-
trations during the vegetation dormancy period (Figures 4–7). On one hand we found a
significant effect (Figures 4–7) in the morning hours for schools A and D (Figures 4 and 7),
in sites with a low proportion of trees in their neighbourhood (Table 1). The relationship
between WAI and PM concentration was positive, WAI related to a local increase in both
PM2.5 and PM10 pollution (Figures 4 and 7).

Figure 4. WAI distribution and an average PM concentration from 8:00 to 10:00 and from 14:00 to
16:00 in study plots along walking paths to school A (low share of trees, low number of local heating
emission sources). ns—no significance.

Figure 5. WAI distribution and an average PM concentration from 8:00 to 10:00 and from 14:00 to
16:00 in study plots along walking paths to school B (high share of trees, high number of local heating
emission sources). ns—no significance.
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Figure 6. WAI distribution and an average PM concentration from 8:00 to 10:00 and from 14:00 to
16:00 in study plots along walking paths to school C (very high share of trees, low number of local
heating emission sources). ns—no significance.

Figure 7. WAI distribution and an average PM concentration from 8:00 to 10:00 and from 14:00 to
16:00 in study plots along walking paths to school D (low share of trees, high number of local heating
emission sources). ns—no significance.

4. Discussion

In Warsaw, similarly to many other European cities, where energy coal-based heating
systems are still common and the transformation towards clean energy sources is still
ineffective, the majority of PM is produced in winter and it is related to heating activi-
ties [41,42]. Undoubtedly, drawing out from fossil fuels in the residential sector is essential
for reducing PM pollution and thereby improving the city residents health status [41].
Fundamentally improving air quality requires deep decarbonisation of the energy system,
as well as more synergistic pathways to simultaneously address air pollution and global
climate change [43]. However, the lack of local solutions related to CHP emissions [42]
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results in very localised problems. A study of routes to schools in Warsaw found that prox-
imity to local CHP emitters had the strongest impact on pollution on the way to schools
(Figure 2). Given that the children spend more than 50% of their active time commuting
to school [18], exposure to pollutants can have a critical effect on their health, which can
impede pulmonary function development [1], leading to asthma development [2] and
susceptibility to otitis media [3].

An example of possible actions aimed at mitigating high loads of PM is the introduction
of more greenery into cities. Models on the reduction of PM dispersion by trees in cities
show promising results [44], indicating that the size, distribution and species composition
of vegetation play a key role in PM reduction [45]. Urban trees contribute to improving
air quality and can be used in national air protection strategies to reduce air pollutant
concentrations [46]. The ability to effectively capture PM is an important factor in selecting
optimal plant species to be used in urban greening [47]. Particularly promising might be
the evergreen plants, which keep their leaves throughout the seasons. This means that they
can be used for air purification in the winter season [48]. However, current studies have
not proved their efficiency in PM removal.

The presence of greenery close to schools is mostly associated with their beneficial
aesthetical as well as educational role for the young generation as even the sole visibility of
vegetation outside the window was linked to improved performance of school pupils, not
to mention the educational and aesthetic value [19,49].

Models predicting efficiency of greening interventions have been shown to poorly
capture the seasonal variability of greening, even when the main source PM is an increased
residential heating in winter [50]. There is a lack of research on the role of trees in the
leafless state in reducing high loads of PM, which impedes our understanding of its impact
on human health and well-being. Additionally, effectiveness of vegetation and application
of phytoremediation methods is mostly criticized to be effective only during the vegetation
season, while some cases are reported where dense vegetation in the winter can lead to
creating local concentrations of PM [51,52]. Moreover, the trees can reduce the air flow
and in some cases contribute to the local increase of pollutants, due to changes in their
dispersal mode [46]. Our results suggest that such situations are possible during the winter
(Figures 4 and 7). However, the influence of tree density in the leafless state expressed by
WAI on the formation of local pollutant concentrations is questionable (Figures 4 and 7).
The investigated walking routes in places with the highest density of trees tended to
stimulate PM concentrations. On the other hand, the tree stands of comparable density did
not show such peaks (Figures 4 and 7). Trees, characterized by a high foliage density, can
act as a barrier preventing pollutant dispersal and be used as a biological filter [25,53]. The
number of locations studied does not allow us to unambiguously resolve whether WAI is
significantly related to the local accumulation of pollutants. Studies performed during the
vegetation season state tend to argue that pollution decreases with the density of trees [54].
A sufficiently large green area with a well-chosen species composition can be a viable way
to improve air quality and in some cases even reduce PM pollution to acceptable levels [55].
In this work, the surroundings of schools B and C were the greenest (Figure 3), but this
did not translate into significant reductions in PM concentrations measured at height and
along the children’s route to school (Figure 2). It seems that in order to effectively filter PM
from the air in wintertime, urban greenery should be as numerous and dense as possible
while maintaining porosity that guarantees air movement. In this way, two unfavourable
phenomena, local PM stagnation and uncontrolled transport of pollutants to potentially
clean locations, may be limited.

The role of trees during dormancy season in air purification processes requires further
research [54]. Potentially, the rough surface of branches and the remaining withered leaves
of some species, accompanied by a few evergreen and coniferous plants, could potentially
have some positive effect on reducing PM loads which could be deposited and trapped
on their surface, accompanied by the sheltering effect, allowing less pollutant to reach
the paths used by the children. There are no studies, however, which could confirm that
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phenomenon and assess its scale and extent. If it is confirmed that the occurrence of locally
increased PM concentrations is a frequent phenomenon, further steps should be taken
to counteract this, especially in places such as children’s routes to school. Coniferous
trees seem to be useful in this respect. These species also absorb PM during the winter
months when air quality is poorer. Due to their smaller leaves, a larger wax layer on their
needles and more complex shoot structures, they have a high capacity to capture pollutants
from the air [56]. Species such as black pine or common yew [57], as well as climbers,
could be grown along streets and be more effective in PM removal [58]. Undoubtedly
greening interventions should always meet social approval, and the aesthetic function
plays a primary role in species selection and the greening solution used. Therefore, plant
species proved to be most efficient in PM reduction might not necessarily be those most
meeting public preferences. However, the numerous studies, included those performed in
Warsaw, show a growing approval for innovative greening interventions, showing that the
public is willing to accept other-than-traditional forms of greenery, if they are supported by
economic or ecological benefits [59,60].

The results we obtained did not show a positive role of trees in air purification in any
of the locations. This could have been caused by the difficult environmental conditions
along the roads, the discontinuity of greenery, and the relatively small proportion of trees in
the area (Table 1). However, the results showing the negative impact of tree canopies during
the winter season should not discourage the use of greenery, as the benefits outweigh the
effects of exposure [61]. We hope to encourage further research and search for solutions in
identifying these negative positions.

We suggest that areas next to schools and roads to schools should be considered to
require special attention, as all locations studied were exposed to above-normal concentra-
tions of particulate air pollution (Figure 2). Areas along school roads should be greened
continuously [54] to allow ventilation. Species selection and planting structure should also
take into account the most difficult winter heating period in Northern Europe, especially
near local pollutant emitters.

5. Conclusions

- Children attending schools located near thermal heating emitters were twice as ex-
posed to high PM concentrations.

- Tree planting on the way to school in the winter season showed no positive effect
on air quality along the analysed sections of the road to the school, and locally even
increased PM concentrations.

- Research on how to avoid local concentrations of pollutants should be expanded by
modifying the structure of greenery and the share of evergreen species to increase the
effectiveness of plants in the winter season.

- We propose to treat roads to schools as special zones of street greenery.
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56. Przybysz, A.; Nersisyan, G.; Gawroński, S.W. Removal of particulate matter and trace elements from ambient air by urban
greenery in the winter season. Environ. Sci. Poll. Res. 2019, 26, 473–482. [CrossRef]
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Abstract: This study aims to conduct a survey of visitor reviews of the Plitvice Lakes National
Park in Croatia to detect strengths and weaknesses of the park. In total, 15,673 reviews written
in the period between 2007 and 2021 were scraped from the social media platform TripAdvisor.
The research applies a comprehensive combination of multidimensional scaling, sentiment analysis,
and natural language processing approaches to a sample area of international naturalistic interest.
Analyzing the opinions of visitors, the authors identify: the main topics of interest related to the
management of the park; and the strengths and weaknesses on the basis of definitely positive and
decidedly negative reviews, respectively. The tested methodology is easily applicable for the analysis
of different naturalistic contexts and protected areas, even in different countries, thanks to the use
of translated reviews. The results obtained show that visitors to protected natural areas are not
only interested in naturalistic and landscape aspects but also in issues such as accessibility and
management of routes and visits.

Keywords: forest recreation; protected area management; text mining; natural language processing;
sentiment analysis; multidimensional scaling method; web scraping; customer satisfaction; TripAdvisor
reviews

1. Introduction

In the last decades, technological advances applied to the tourism sector have radi-
cally changed the way information is produced and consulted [1]. Tourists can access an
increasing number of sources of knowledge and have many channels available to share
their opinions on experiences and places. When the experiences are shared online, they
help to define a concrete image of tourist destinations and to shape the decisions of future
visitors [2,3]. In particular, social media platforms offer a space to freely share experiences
and make judgements [4,5] through the so-called user-generated contents (UGC) [6–8].
For this reason, these platforms are becoming increasingly important both in the planning
of destinations and in the definition of management priorities for places of tourist inter-
est [9–12]. Social media can be considered as a rich source of news within which users
create, circulate, and consult such information to mutually update each other on products,
services, personages, and other objects of interest [13]. They are interactive platforms where
individuals or larger communities share UGCs and include, among others, blogs, forums,
or social networks [14]. Some social media are of general interest (e.g., Facebook or Twitter),
while others are focused on more specific topics (e.g., professional networking on LinkedIn);
some of them deal with media sharing (e.g., YouTube or Flickr), while others allow you to
provide reviews on products and services (e.g., Google My Business or TripAdvisor).
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In this study, TripAdvisor was chosen among the many available social media, because
it is the largest travel website in the world, operating in 45 countries around the world [11].
It has more than 400 million visitors visiting every month [15] and more than 450 million
reviews and opinions which concern more than seven million accommodations, restaurants,
and attractions [16]. Besides, TripAdvisor is available in 28 languages [17]. TripAdvisor
reviews are a source of information characterized by several positive aspects, including
being free and easily accessible and covering a considerable number of years [3]. In addition
to reviews, users can also publish other information, such as the country of provenance and
the purpose of the trip. Therefore, user reviews on TripAdvisor combine textual comments
(i.e., reviews) with concise ratings (i.e., bubbles). Although recent studies have shown
that textual comments receive a lower priority than synthetic evaluations [18], it should
be highlighted that users may have different priorities [19] that cannot be fully explained
in choosing between one and five bubbles. Therefore, it becomes essential to develop
tools which allow more information to be extrapolated from the textual component of
the reviews.

The massive amounts of unstructured data that are continuously generated on the
Internet necessarily require the use of automated procedures for this kind of data analy-
sis [1,7,12]. Social media analytics is receiving increasing attention from companies in many
sectors, because they try to analyze the large amount of data collected through different
methods [6,20,21]. Content analysis (CA) is one of the available techniques for extrapolating
and analyzing the text contents which is widely used in the tourism research field [11].
Sentiment analysis (SA) approach is part of the CA field, and it is a valid option to process
this type of data automatically. SA uses computational linguistics and natural language
processing (NLP) to analyze the text and identify the polarity of the judgements contained
within it [1,8,16]. Another technique for analyzing unstructured textual data is that of
multidimensional scaling (MDS), the main purpose of which is that of a better graphical
visualization of the data in order to facilitate the understanding of the text structure [22]. In
the international literature, the applications of MDS in tourism studies are numerous [23,24].
MDS is usually associated with cluster analysis, a particular application of which is text
clustering [6].

Today, it is essential for the tourist community to identify destinations that provide
them with meaningful experiences in natural contexts. In this way, protected forest areas
and forested landscapes turn out to be popular destinations thanks to the multitude of
natural values that take place within them [25]. In Croatia, this type of destination is well
represented by national parks, which correspond to the second-highest level in the scale of
protected areas (Law on Nature Protection, OG 88/13, 15/18, 14/19, 127/19). One of the
most famous and visited national parks in Croatia is Plitvice Lakes National Park (PLNP).
The choice of this well-known park was guided: on one side, by the need to validate a new
methodology with a case study for which a great deal of information was already available
on the activities and management problems with which to compare the final results; on the
other side, by the fact that that social media data prove to be a better proxy of tourist visits
in reference to the most popular parks [5].

To the best of our knowledge, no previous studies have focused on visitors’ experiences
for PLNP. The present study tried to fill this gap in the literature by conducting an in-depth
analysis of TripAdvisor tourists’ reviews on PLNP, by applying a comprehensive method
of text mining and natural language processing techniques.

In particular, this study aims to answer the following research questions.

• RQ1. How to collect and investigate textual data by social media platform to investi-
gate the preferences of users of protected areas?

• RQ2. How to extrapolate and analyze the management issues of greatest interest to
visitors who choose protected areas as their destination?

• RQ3. How to identify the strengths and weaknesses of the management of protected
areas from the point of view of visitors?
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The management of protected forest areas as a potential tourist destination is par-
ticularly demanding. This complexity is due to the trade-off between the conservation
of natural ecosystems and the promotion of tourist visits for economic reasons [26,27].
Therefore, it is particularly useful to define a flexible methodology for the analysis of the
management of protected areas that considers the point of view of visitors. In the present
study, the answers to the research questions will allow PLNP managers to monitor the
satisfaction of local and international users and plan activities aimed at improving the
quality of visits to the park.

The remainder of the paper is organized into the following five sections. Foremost,
Section 2 provides a literature review on the analysis of nature-based tourism using MDS
and NLP tools. After that, the methodology used is illustrated in Section 3. Section 4 shows
the results, while Section 5 discusses the findings. Finally, Section 6 analyzes the limitations
of the study and provides suggestions for useful application and future research directions.

2. Literature Review
2.1. Nature-Based Tourism

Nowadays, it is widely recognized that some segments of the tourism sector can be
considered a “clean industry” and part of the Green Economy [28]. In particular, nature-
based tourism is a growing key sector of this industry [26,29,30] which seeks to respond
to a growing consumer demand for a return to nature [3,25]. This need is well explained
by the fact that nature is capable of generating human well-being from a physical and
psychological point of view. [20,25,31–34]. Moreover, natural areas are a place of refuge
for biodiversity, in addition to providing restorative surroundings for people [26,31]. The
establishment of protected areas created to conserve biodiversity and esthetic value of
landscapes is one of the main pillars of nature-based tourism [29,30]. Thus, protected
areas and nature-based tourism represent fundamental access for people to cultural ecosys-
tem services [25,35,36]. Particularly, national parks are characterized by a high level of
biodiversity protection among protected areas and, at the same time, provide tourism
opportunities [5,26,27,37]. Thus, national parks play a very important role also in the
tourism sector. For this reason, it is essential to analyze the factors that attract visitors
and make visits to protected areas pleasant. Both internal components (e.g., expectations
for places and activities) and external components related to tourism management (e.g.,
accessibility, means of transportations, etc.) strongly influence visitors’ perception of the
natural landscape [3]. Consequently, the management of nature-based tourism services
must take into account the diversified opinions that visitors have towards nature in gen-
eral and recreational activities in particular [38]. Therefore, it has become fundamental
to evaluate how people perceive their recreational experiences in this type of protected
area [8].

2.2. Content Analysis

Content analysis (CA) is a research tool to be adopted in order to identify some partic-
ular words or more general concepts within qualitative textual data [2,39] or to extrapolate
homogeneous units of meaning from a complex text. Traditionally, CA involved human
subjective interpretation by researchers, which has now been replaced by automated proce-
dures and sophisticated software [4]. One of the possible approaches of CA is sentiment
analysis (SA), which is also an important component of text mining. Text mining is an
interdisciplinary field which draws on information retrieval, data mining, machine learning,
statistics, and computational linguistics [40]. Valid overviews on SA were produced by Ma
et al. and Alaei et al., to which reference should be made for further information [1,9]. In
these contributions, the authors reconstruct the main historical stages that characterized
the evolution of the SA and outline its most recent features and applications. Nonetheless,
it can be synthetically said that the main purpose of SA is to distinguish between positive,
negative, or neutral opinions [1,12,16]. Natural language processing (NLP) is one of the
available tools for SA, but its application on UGC from social media in landscape design,
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and planning research is still in a preliminary stage [21,41]. In the text analysis, MDS is a
particularly valid automated computer algorithm. MDS is a data visualization technique
based on the proximity of words and their spatial representation [23,24]. Another type of
machine learning algorithm usually associated with MDS is that of cluster analysis, which
is usually applied to transform unstructured word sets into structured clusters [21].

Social media analytics—in particular, SA—has been applied to social media in numer-
ous tourism-related research fields [6,39]. The most investigated fields are food and wine
tourism [19,39,41,42], hospitality [9,11,43,44], areas of interest or events in cities [4,16,45–47],
and natural spaces with special regard to urban parks [20,21,31–33,48]. Conversely, national
parks and nature reserves [3,6,8,25,27] are a field still not much investigated [8].

2.3. Nature-Based Tourism and Ccontent Analysis

According to the European Landscape Convention [49], landscape assessment pro-
cesses should take into consideration public perception of places [50]. To evaluate visitors’
perception towards natural destinations, traditional methods, such as in situ questionnaires,
in-depth interviews, and focus groups, have long been employed. These techniques are
usually time- and resource-consuming, in addition to not allowing the collection of results
on a large scale or comparisons over time [3,6,8,27,32,50]. On the other hand, the develop-
ment of modern tools for web analysis allows us to overcome all of these shortcomings. In
the recent literature, numerous research contributions have used CA methods to analyze
nature-based tourism destinations, but there are still few contributions that investigate the
usability of the various social media platforms in relation to visits to protected areas [3].

Stoleriu et al. explores 226 online TripAdvisor reviews on Danube Delta through an
automated CA in order to identify and quantify the main dimensions of visitors’ experiences
and memories [3]. Their results showed that managerial aspects linked to visit organisation
(e.g., trip itinerary and visit duration) were more prominent themes in the tourists’ reviews
compared to the site characteristics. One of the main limitations of the study in relation to
the use of TripAdvisor reviews is the lack of demographic and socioeconomic information of
visitors. For this reason, it would be necessary to integrate this type of analysis with surveys
that make it possible to evaluate the preferences of visitors based on their characteristics.

Two other recent studies [8,27] conducted SA in some national parks of South Africa.
Hausmann et al. used SA and NLP techniques to analyze the content of image captions
in 33,213 English posts published on Instagram relating to four national parks in South
Africa [8]. The authors identified the main emotional components and the keywords formed
by both a single word and a pair of adjacent words that recurred most in the posts. The
results showed that the polarity of sentiment about national parks expressed by visitors
on social media is generally positive, with a minor expression of negative feelings. This is
significant to highlight the social role that national parks assume, favoring the development
of positive interactions with nature and, therefore, well-being in visitors. Those authors
found that visitors tend to idealize certain places or features of national parks and give
them symbolic meaning. This meaning is what makes visiting experiences worth sharing
and promoting. Among the problems identified by those authors in using this method,
there are: on the one hand, the potential lack of representation of the sample of visitors
who publish reviews; on the other hand, the use of an unconventional language (e.g.,
abbreviations, slang, emojis, etc.) which can make the use of automatic computational
systems less effective. In almost the same area, Mangachena and Pickering conducted an
analysis of 10,292 English tweets on Twitter about seven South African national parks [27].
Even in this case, they mostly found positive feelings and opinions related to the nature-
based experience. Those authors identified a particular interest from visitors regarding
specific events, such as commemorations related to the history of the park or discoveries
of naturalistic interest. Furthermore, according to previous studies [8], some authors
recognized that the use of concise texts, shortened words, and special characters (e.g.,
hashtags and emoticons), typical of social networks such as Instagram and Twitter, may
also complicate text analysis of tourists’ reviews [20].
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Recently, Niezgoda and Nowacki investigated visitors’ opinions towards one of the
most visited protected areas in Poland, Tatra National Park [25]. Those authors elaborated
a composite methodology made by text mining, NLP, and coding opinion procedures to
process the data obtained from 624 English reviews published on TripAdvisor. The authors
were interested in identifying the main reasons that led visitors to live experiences in the
nature park and whether these were mainly related to the themes of ecological awareness
and nature protection. The results of their study showed that the most active forms of
entertainment (e.g., hiking, taking photos, mountain climbing) are the main motivation for
visiting places in the open air. Those authors also highlight that in order to conduct this
type of analysis it is necessary to assume that the reviews contain the elements considered
most important by visitors, but it would be advisable to deepen the themes identified with
more detailed surveys.

One of the latest applications of CA to national parks is that of Mirzaalian and
Halpenny. In their study on Jasper National Park, they analyzed 17,224 English reviews on
TripAdvisor [6]. In addition, that study analyzed destination loyalty statements using a
keyword clustering approach. Among the main categories of visitor favorite destinations
can be found waterfalls and lakes. Those authors acknowledge that one of the biggest
limitations of this study is that the analysis did not concern some meaningful management
aspects (e.g., transportation or outdoor activities).

3. Materials and Methods

The combination of several tools has made it possible to obtain different types of
results that can be useful to the managers of the study area. On the one hand, the strengths
and weaknesses of the PLNP from the visitor’s point of view stemmed from the NLP
technique (i.e., rapid automatic keyword extraction ) based on SA scores. On the other
hand, the MDS and cluster analyses were carried out to identify the topics most dealt with
in the reviews released by PLNP visitors on TripAdvisor.

The different steps of the method used are summarized and described in a procedure
flowchart (Figure 1).
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3.1. Study Area

Plitvice Lakes National Park (PLNP) is one of the most famous and visited national
parks in Croatia. PLNP is located in the mountainous central part of the nation and is
part of the Dinaric karst area. PLNP is the oldest protected area (designated 8 April 1949)
and the biggest national park (29,685.15 ha) in Croatia. The park mainly consists of
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forest areas, which represent about 81% of the total territory, with a complex system of
lakes connected with waterfalls. The PLNP is well known for the rich biodiversity of its
296 square kilometers of forests. It is managed by the Plitvice Lakes National Park Public
Institution (PLNPPI), founded by the Republic of Croatia and placed under the jurisdiction
of the Ministry of the Environment and Energy (MEE). In addition, Plitvice is the only
Croatian national park that is on the UNESCO World Heritage list (1979) as natural heritage
and is entirely identified as a Natura 2000 site. Despite the large area of the park, only
a small part of it represents the point of major tourist interest [37]. It is a lake system
which includes 16 main lakes characteristic for their waterfalls, to which are added several
other smaller lakes [51]. The park’s finances derive entirely from the entrance tickets
and hospitality services, including four hotels (380 accommodation units and 820 beds),
two camping sites (2850 parking spaces for campers), seven restaurants, and eight other
small park facilities (just under 3000 seats) [52]. The income of these activities is used for
management and investments within the park area [37].

PLNP is one of the most visited natural sites in Central Europe and in the Mediter-
ranean region [53]. The park’s official statistics report a significant growth in the number
of visitors per year, from 850,000 registered in 2007 to about 1.75 million in 2018. More
than 80% of visitors visit the park in the period from May to September. The months of the
greatest peak are July and August, when approximately 335,000 and 385,000 visitors were
registered in 2017, with daily averages of about 10,800 and 12,400 visitors and reaching the
maximum with over 16,000 visitors in a single day (August 2017). Consequently, the Park
is often congested, causing both considerable discontent in the opinion of some visitors but
above all putting safety procedures at risk and causing negative ecological impacts for the
natural systems of the park [53].

3.2. Data Collection

Reviews relating to “Plitvice Lakes National Park” were scraped between October and
November 2021 from the dedicated website on TripAdvisor (https://www.Tripadvisor.
com/Attraction_Review-g303827-d554038-Reviews-Plitvice_Lakes_National_Park-Plitvice_
Lakes_National_Park_Central_Croatia.html accessed on 26 September 2021).

WebHarvy software was used to scrape the reviews and obtain the following information:

• User data: name, origin, number of contributions (review number);
• Review data: date (month and year), travel purpose, number of bubbles (i.e., summary

judgement), title and text of the review (i.e., extended judgement).

The software utilized is a visual web scraper that uses no script or code to scrape data.
The program allows you to access the URL address of interest and to select the items that
you want to collect. Thanks to the potential of the tool used, it was possible to carry out the
immediate translation of the reviews and their respective titles by referring to the Google
Translate plug-in. In this way, all of the reviews of all available languages were translated
into English and used for subsequent analyses.

The study did not collect other types of socio-demographic information such as the
age, occupation, and educational level of visitors. This is due to the fact that TripAdvisor
profiles do not contain this kind of data [3]. The only personal information that TripAdvisor
users commonly share is their country of origin. These data could be useful for analyzing
the origin of visitor flows to the PLNP.

3.3. Multidimensional Scaling Method and Cluster Analysis

MDS and cluster analysis allow us to explore possible combinations or groups of words
that share similar appearance patterns [22]. In particular, text clustering is a textual data
mining method which converts the original sentences in a term-document-matrix using
different feature extraction techniques [6,54]. In this way, it is possible to deduce the main
elements perceived by the users (e.g., reviewers), which should be taken into consideration
for an effective and rational management of the protected areas. The ease of analysis
application and result interpretation are among the main advantages of the MDS [23,24].
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The elaborations were carried out using KH Coder 3 software [25,39,54,55]. The KH
Coder software combines two fundamental approaches of computer-based text analysis:
the correlational approach, which consists in automatically extracting words from a text
and analyzing them statistically; and the dictionary-based approach, which establishes
coding rules for the different elements that form the text (e.g., sentences or groups of
words) [55]. In order to identify the clusters of words, the Ward’s minimum variance
method or Ward’s hierarchical clustering method was applied, as previously carried out by
Barbierato et al. [39]. The Ward’s method is a procedure that initially generates in clusters
containing single objects. These clusters are gradually aggregated in such a way as to
create clusters with the highest number of objects possible, but ensuring that the variance
within each cluster is minimized [56]. The Ward’s method was applied within the so-called
Sammon space, which allows one to maintain a certain distance between words, preventing
them from being excessively crowded and overlapping, giving more readable results [57].
Furthermore, among the options to define the distance, the cosine similarity coefficient was
chosen, which is considered an efficient option in the presence of long documents (e.g.,
reviews) which contain, as in our case study, numerous words with an important frequency
in each document [57]. A frequency threshold of 1500 terms was adopted on the basis of
the term frequency–document frequency graph (i.e., TF–DF) (Figure 2a) in order to include
exclusively the most representative terms that appear in several reviews. Based on the
agglomeration graph (Figure 2b), it was chosen to generate seven clusters of 60 words each.
For further information on the method, refer to the KH Coder software manual [57].
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graph (b).

3.4. Sentiment Analysis

Sentiment analysis (SA) research is driven by the importance of understanding con-
sumer judgement [9]. In particular, SA can be used to understand consumer attitudes
towards particular products, services, or places [16]. SA determines the positive or negative
polarity of each relevant word in the text. Moreover, SA calculates a score based on a pre-
defined lexicon contained within a library [39]. It should be specified that this score is not
set on a reference scale between a predetermined minimum and maximum. The sentiment
score varies both in reference to the text length and to the specific words contained therein.
The only fixed references are the scores assigned to the individual words within the lexicon
to be adopted. In the present study, the “syuzhet” library of R software was chosen, as
it was applied in previous research that analyzed reviews on TripAdvisor [12,27,39]. The
AFINN lexicon [58] was applied at the “syuzhet” library. Negative words and slang are
commonly used in reviews on social networks (e.g., TripAdvisor). The AFINN lexicon
is considered a valid option for evaluating this type of comment [59]. Furthermore, SA
is widely applied to the analysis of quality perception through TripAdvisor reviews for
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heritage sites and natural parks [45] and urban green areas [16]. For a more in-depth
analysis of the procedure used by the software, please refer to Barbierato et al. [39].

3.5. Natural Language Processing

Natural language processing (NLP) is a technology that combines computer science
and linguistics in order to interpret written texts [39]. In this study, the strengths and
weaknesses of the PLNP were identified using a NLP procedure. The rapid automatic
keyword extraction (RAKE) procedure is a method for extrapolating multi-word keywords
from documents [60]. Candidate keywords are obtained by partitioning text through stop
words (e.g., and, the, of, etc.) and phrase delimiters (e.g., ; and ,) and assigning a score to
each candidate multiple keyword. Only double-word keyword candidates are searched in
this study. Each of the two words that constitute the candidate keyword obtains a score that
is given by the ratio between the number of times each single word co-occurs with the other
word of the candidate keyword and the total frequency with which it appears by itself.
The final RAKE score for the entire candidate keyword is the sum of the scores of each
of the two words that form the candidate keyword [61]. The procedure was carried out
through the “udpipe” library [61] of R software [62], considering only adjectives and nouns.
Furthermore, only the first 20 keywords as a sequence of two adjacent words—defined as
bi-grams—are considered, and a frequency threshold of 6 was adopted. In addition, the
“lemma” option was chosen instead of “token”. Through the lemmatization process, it is
possible to group the different forms in which a word can be presented (e.g., singular and
plural) in a single common voice. In this way, the various forms of the same reference word
are counted as a single lemma, assuming a greater weight.

The analysis of definitely positive (bubbles > 3 and sentiment score > 0) and decidedly
negative (bubbles ≤ 3 and sentiment score ≤ 0) reviews allowed us to identify strengths
and weaknesses of the PLNP based on the visitor’s judgement.

4. Results
4.1. Data Collection and Sample Description

Overall, 15,673 online reviews were automatically retrieved from the online review
website TripAdvisor. The downloaded reviews date back to the period between 2007 and
2021.

Figure 3 shows the trend in the number of reviews registered on TripAdvisor for
PLNP. This trend is considered to be related to the interest of visitors. The graph shows
an important growth until 2015, followed by a slight decrease until 2019. In 2020, there
is a significant drop (–88% compared to the previous year) due to the international and
national restrictions on travel as a consequence of the COVID-19 pandemic.
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The monthly and seasonal distribution of reviews (Figure 4) is consistent with the
dynamics of visitor flows that have been analyzed in the current PLNP management
plan [52]. The graph shows that in the summer—with special regard to August—the
maximum peak is recorded. Instead, an intermediate influx of visitors is recorded on
average in spring and autumn, even if the month of September still seems to be influenced
by the importance of the summer flow. Winter is the season of least interest for visitors, as
confirmed by the low number of revisions.
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As regards the origin of PLNP visitors, Figure 5 shows that most of the visitors come
from European countries. In particular, the largest flows are recorded from Italy, the United
Kingdom, and France.
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Figure 5. Provenance of the reviewers by continents (a) and from exclusively EU countries (b)
(reference period 2007–2021).

4.2. Multidimensional Scaling Method and Cluster Analysis

The diagram derived from the MDS method shows seven clusters of words differenti-
ated by color [54]. The results are in Figure 6. Cluster 1 (i.e., turquoise bubbles) concerns
the principal elements that characterized PLNP landscape (i.e., “park”, “lake”, “waterfall”)
which are commonly associated with positive judgements (“beautiful”). Cluster 2 (i.e.,
yellow bubbles) is related to the theme of accessibility, including: the possible means of
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transport to access and/or visit the park (i.e., “boat”, “bus”, “train”, “car”); the organi-
zation into “route(s)” divided by length in terms of “hour(s)”; and the real entrance to
the park, which concerns different activities, such as “parking” and the purchase of the
“ticket”. Cluster 3 (i.e., violet bubbles) is a hybrid set of aspects that characterize the park,
emphasizing the beauty of the site on the one hand, using terms such as “nice” and “good”,
and the disadvantages related to overcrowding in the summer months of the high season,
expressed by adjectives such as “many”, “long”, and “lot”. Clusters 4 (i.e., red bubbles) and
6 (i.e., orange bubbles) contain the main favorable appreciations thus synthesizable: “great”,
“worth”, “wonderful”, “natural” connected to “nature”, “beauty”, and “experience” for
Cluster 4; “stunning”, “amazing”, “clear”, and “different” (in the positive sense of “differ-
ent” landscapes and sceneries) relating in general to the “Croatia(n)” “national” park of
“Plitvice” for Cluster 6. All of the positive adjectives of the Clusters 4 and 6 are also related
to the nearest central terms of the Cluster 1. Cluster 5 (i.e., blue bubbles) contains the most
negative elements, referring to the main problems related to the PLNP management: the
presence of “crowd” and “queue(s)” in many different “point(s)”, “path(s)”, and “way(s)”
of the area. Finally, Cluster 7 (green bubbles) represents a small deepening of the nearby
Cluster 2 themes, recovering the theme of the fruition through the use of words such as
“walk”, “trip”, and “tour”. In this cluster, some information about the division in the
“upper” and “lower” districts of the park are included.
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Figure 6. Multidimensional scaling method and cluster analysis results for Plitvice Lakes National Park.

These results make it possible to identify the issues (i.e., the seven clusters) related to
the PLNP management that are of greatest interest to visitors. The issues thus identified
would be useful if applied to guide a participatory planning of the park in which samples
of visitors were also involved.

4.3. Sentiment Analysis

The results of the SA are shown in Table 1. The reviews for PLNP are basically positive
(mean value of 9.16) and the dispersion is relatively symmetrical (1st Qu. = 5; 3rd Qu. = 13).
In fact, the mean value is shifted upwards, as the group of reviews designated with five
bubbles represents over 78% of the total reviews (15,673). The SA results show that mean
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and median values tend to increase with the increment in the number of bubbles (i.e.,
short judgement).

Table 1. Sentiment analysis scores for Plitvice Lakes National Park.

Bubbles No. Reviews Min. 1st Qu. Median Mean 3rd Qu. Max.
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The non-normal distribution of the SA scores was visually verified through normal
quantile plots, histograms, and box plots for each group related to the five review ratings
(i.e., bubbles) (see Appendix A: Figures A1–A3). Furthermore, the Shapiro–Wilks test was
performed for the groups of Bubbles 1, 2, 3, and 4 (in R, the Shapiro–Wilks test cannot be per-
formed on sets of more than 5000 units). The p-value of all four groups (min < 2.2 × 10−16;
max = 0.002) showed that the data do not follow a normal distribution. For this reason, the
non-parametric Kruskal–Wallis test was applied to verify the correspondence between the
SA scores and the bubbles assigned by the reviewers themselves.

The results confirmed the hypothesis of a statistically significant difference between
the groups of bubbles in relation to the dependent variable of SA scores (K = 848.91;
p-value < 2.2 × 10−16; α = 0.05). In addition, a pairwise comparison using the non-parametric
Mann–Whitney U test was conducted to highlight where the statistically significant dif-
ferences between groups of bubbles are [34]. Although the differences within each pair of
groups are statistically significant (Table 2), according to Barbierato et al. [39] the complete
database was divided only into two sub-databases in order to simplify the data analysis:
one definitely positive (bubbles > 3 and sentiment score > 0) and one decidedly negative
(bubbles ≤ 3 and sentiment score ≤ 0), which were used separately in NLP analyses.

Table 2. Mann–Whitney U test (α = 0.05) results for Plitvice Lakes National Park.

Pair of Groups of Bubbles W p-Value
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4.4. Natural Language Processing: the RAKE analysis 458 

The RAKE analysis was applied to the two sub-databases obtained dividing positive 459 

from negative reviews considering the SA scores. The double-word keywords most fre- 460 

quently encountered in TripAdvisor reviews for PLNP were identified by the RAKE anal- 461 

ysis (Figure 7). The most cited characteristics can be identified both in the definitely posi- 462 

tive reviews, to be interpreted as the main strengths, and in the decidedly negative re- 463 

views, to be read as the most critical weaknesses. Definitely positive RAKE analysis re- 464 

sults (Figure 7a.)—deriving from the sub-database containing the reviews with bubbles > 465 

3 and sentiment score > 0—show that the natural heritage and landscape elements are the 466 

most appreciated aspects of the PLNP. In particular, the “UNESCO” designation is con- 467 

sidered as an extremely positive characteristic, as highlighted by three keywords: 468 
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4.4. Natural Language Processing: the RAKE analysis 458 

The RAKE analysis was applied to the two sub-databases obtained dividing positive 459 

from negative reviews considering the SA scores. The double-word keywords most fre- 460 

quently encountered in TripAdvisor reviews for PLNP were identified by the RAKE anal- 461 

ysis (Figure 7). The most cited characteristics can be identified both in the definitely posi- 462 

tive reviews, to be interpreted as the main strengths, and in the decidedly negative re- 463 

views, to be read as the most critical weaknesses. Definitely positive RAKE analysis re- 464 

sults (Figure 7a.)—deriving from the sub-database containing the reviews with bubbles > 465 

3 and sentiment score > 0—show that the natural heritage and landscape elements are the 466 

most appreciated aspects of the PLNP. In particular, the “UNESCO” designation is con- 467 

sidered as an extremely positive characteristic, as highlighted by three keywords: 468 
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sults (Figure 7a.)—deriving from the sub-database containing the reviews with bubbles > 465 

3 and sentiment score > 0—show that the natural heritage and landscape elements are the 466 

most appreciated aspects of the PLNP. In particular, the “UNESCO” designation is con- 467 

sidered as an extremely positive characteristic, as highlighted by three keywords: 468 
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4.4. Natural Language Processing: the RAKE analysis 458 

The RAKE analysis was applied to the two sub-databases obtained dividing positive 459 

from negative reviews considering the SA scores. The double-word keywords most fre- 460 

quently encountered in TripAdvisor reviews for PLNP were identified by the RAKE anal- 461 

ysis (Figure 7). The most cited characteristics can be identified both in the definitely posi- 462 

tive reviews, to be interpreted as the main strengths, and in the decidedly negative re- 463 

views, to be read as the most critical weaknesses. Definitely positive RAKE analysis re- 464 

sults (Figure 7a.)—deriving from the sub-database containing the reviews with bubbles > 465 

3 and sentiment score > 0—show that the natural heritage and landscape elements are the 466 

most appreciated aspects of the PLNP. In particular, the “UNESCO” designation is con- 467 

sidered as an extremely positive characteristic, as highlighted by three keywords: 468 
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value<2.2×10−16; α=0.05). In addition, a pairwise comparison using the non-parametric 449 

Mann–Whitney U test was conducted to highlight where the statistically significant dif- 450 

ferences between groups of bubbles are [34]. Although the differences within each pair of 451 

groups are statistically significant (Table 2), according to Barbierato et al. [39] the complete 452 
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4.4. Natural Language Processing: the RAKE analysis 458 

The RAKE analysis was applied to the two sub-databases obtained dividing positive 459 

from negative reviews considering the SA scores. The double-word keywords most fre- 460 

quently encountered in TripAdvisor reviews for PLNP were identified by the RAKE anal- 461 

ysis (Figure 7). The most cited characteristics can be identified both in the definitely posi- 462 

tive reviews, to be interpreted as the main strengths, and in the decidedly negative re- 463 

views, to be read as the most critical weaknesses. Definitely positive RAKE analysis re- 464 

sults (Figure 7a.)—deriving from the sub-database containing the reviews with bubbles > 465 

3 and sentiment score > 0—show that the natural heritage and landscape elements are the 466 

most appreciated aspects of the PLNP. In particular, the “UNESCO” designation is con- 467 

sidered as an extremely positive characteristic, as highlighted by three keywords: 468 
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4.4. Natural Language Processing: The RAKE Analysis

The RAKE analysis was applied to the two sub-databases obtained dividing posi-
tive from negative reviews considering the SA scores. The double-word keywords most
frequently encountered in TripAdvisor reviews for PLNP were identified by the RAKE
analysis (Figure 7). The most cited characteristics can be identified both in the definitely
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positive reviews, to be interpreted as the main strengths, and in the decidedly negative
reviews, to be read as the most critical weaknesses. Definitely positive RAKE analysis
results (Figure 7a)—deriving from the sub-database containing the reviews with bubbles >
3 and sentiment score > 0—show that the natural heritage and landscape elements are the
most appreciated aspects of the PLNP. In particular, the “UNESCO” designation is consid-
ered as an extremely positive characteristic, as highlighted by three keywords: “UNESCO
heritage”, “UNESCO site”, and “UNESCO list”. The negative results—deriving from the
sub-database containing the reviews with bubbles ≤ 3 and sentiment score ≤ 0—show that
the main weaknesses are represented by the phenomenon of crowding (“many people”),
because the presence of a “mass tourism” during the “high season” is the cause of complex
management problems, such as “traffic jam” and “endless queue” (Figure 7b). In addition
to “long (waiting) time”, there are also complaints about the organization of “parking lot”
and the “high price” of the entrance ticket.
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5. Discussion
5.1. Answers to Research Questions

The importance of the PLNP at national and international levels is now recognized
(Figures 3 and 5). The descriptive statistics highlighted the recurring seasonal trend of
visits (Figure 4). This trend has made it essential to implement strategies to redistribute
tourist pressure acting on the protected area in a more balanced way.

Regarding the first research question (RQ1), the research has shown that efficient tools
exist as an alternative to manual coding (e.g., the software WebHarvy) to collect extensive
data relating to lengthy textual reviews (e.g., TripAdvisor online platform). Moreover, the
combination of CA with MDS method and cluster analysis turned out to be exhaustive to
analyze visitors’ preferences and perception for areas of naturalistic interest. First of all,
these techniques make it possible to identify the most important symbols and attributes
that characterize national parks in accordance with the visitors’ opinions. The SA results
(Table 1) confirm that national parks and, in general, nature-based experiences arouse
positive sentiments in visitors, as already found in other studies [6,8].

MDS methods and cluster analysis are valid instruments to investigate the principal
management issues from visitors’ point of view (RQ2). The seven clusters identified by
this study can help guide a participatory discussion on the issues that visitors consider
most important for the reality of PLNP. As stated by Hausmann et al., visitors to national
parks tend to idealize some particular places in their destinations, assigning them meanings
that make those places worth visiting [8]. In fact, some of the naturalistic and landscape
aspects of the PLNP (Cluster 1, 4, and 6, Figure 6) assume a symbolic meaning that almost
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exclusively attracts the interest of visitors. The most recurring element is the complex
aquatic ecosystem of lakes and waterfalls. Also Mirzaalian and Halpenny have identified
this type of water elements as one of the main categories of destinations preferred by
visitors and a recurring element in the reviews of naturalistic sites [6]. On the one hand, the
water system represents the most important naturalistic attraction of the PLNP, but it is also
the place where visitors flock the most, representing the fulcrum of tourist organizational
problems. In this way, interest in high landscape and environmental or historical values
of other areas of the park is excluded a priori. The most evident example is that of the
large forest area which is not mentioned at all in any clusters. Other relevant aspects
identified are those of accessibility and management of paths and visitors (Clusters 2,
5, and 7, Figure 6). The results obtained show that visitors are aware of and interested
in discussing and expressing opinions on organizational issues related to the fruition of
places, as already found by Stoleriu et al. [3]. In particular, words like “route” (Cluster 2),
“experience” (Cluster 4), “path” (Cluster 5), and “walk” (Cluster 7) emphasize the attention
of visitors towards active experiences (e.g., hiking or nature photography). Other studies
have also identified these activities as being of great interest in the outdoor visits [25]. In
addition, the organizational capacity and the entertainment activities promoted by a tourist
destination is an indispensable experiential factor for all those who do not have naturalness
as their primary interest [25]. In any case, the most relevant management aspect identified
is the management of visitor flows and the problem of overcrowding (Cluster 3 and 5,
Figure 6), which was also found by the RAKE analysis.

About the third research question (RQ3), NLP techniques proved to be fundamental to
highlight strengths and weaknesses that characterize the image of PLNP. These techniques
are of greater interest to identify the negative aspects to be solved and improved rather
than the positive aspects to maintain and enhance. The problem of overcrowding is already
widely recognized by the Plitvice Lakes National Park Management Plan 2019–2028 [50],
which talks about the dissatisfaction of visitors (e.g., due to numerous encounters on the
trails or impossibility of taking good photos of pristine landscapes) and the countless orga-
nizational problems (e.g., the overcoming of the physical capability of means of transport
such as buses and boats or the inability to find parking) detected in the high season [53].
Visitor congestion caused by the crowds of visitors and the consequent recreational conflicts
are recurring themes also in other studies focused on the use of protected areas of inter-
national interest [21,25,63]. Only a small part of the PLNP’s surface represents the main
focal point [37], with the “upper lake(s)” and “lower lake(s)” zones (see Figures 6 and 7),
where the majority of visits are concentrated [51]. This means that an organizational and
promotional effort could be conducted to make the other parts of the park more attractive
with activities and guided tours. In fact, the organization of specific events, preferably
connected to naturalistic aspects, are of particular interest and attract a large number of
visitors as found by Mangachena and Pickering [27].

The automated text analysis processes on social media can provide park managers
useful information relating to environment and organizational perception of visitors [27]
with a view to collaborative and participatory planning.

5.2. Theoretical Implications

This study makes significant theoretical contributions in the management of areas
of naturalistic interest. Firstly, the research demonstrates the flexibility and effectiveness
in using an automated approach to obtain information from a large amount of content
generated by visitors. From a methodological point of view, the web scraper software
applied, WebHarvy, proved to be a valid alternative to manual coding tools. One of the
most important innovations of this study is the use of reviews in different languages. In fact,
the automatic translation procedure made it possible to use a large number of reviews com-
pared to previous studies that only used reviews written in English [6,8,11,16,25,27,33,39].
Secondly, this study answers a series of research questions regarding the users’ judgement
on the management of areas of naturalistic interest. In fact, it was possible to identify

103



Forests 2022, 13, 717

the topics most cited in visitor reviews, give an order of importance to their discussion,
and summarize those that are considered the most important strengths and weaknesses.
The study made it possible to extend the use of text mining and NLP techniques already
widely applied in other research topics related to tourism in general [9,19,39,44,45] but less
explored [8] in nature-based tourism [6,25,27].

Finally, the use of this innovative technique for a well-known study area of interna-
tional interest (i.e., Plitvice Lakes National Park) allowed to validate the effectiveness of
the tool, finding results in accordance with previous knowledge. This step will permit
extending the use of the method to other less investigated areas of naturalistic interest,
being able to contribute substantially to the identification of key management factors.

5.3. Practical Implications

The results show that social media analysis can be very validly applied to the nature-
based tourism field [8]. In particular, these techniques can help decision makers and
managers to interpret the online image of national parks constructed by visitors [3,8].
CA—with special regard to SA—effectively identifies negative trends in online reviews,
making the tourism operators of national parks capable of being proactive and develop-
ing targeted strategies [9]. On the one hand, the method adopted makes it possible to
monitor the perception of visitors’ recreational experiences in order to plan attractive and
well-organized tourist activities. On the other hand, the need to create protected areas and
implement conservation and enhancement strategies within them would be supported by
similar results [8,53]. In fact, the results of this study demonstrate the high interest and in-
volvement that visitors have towards these very popular tourist destinations. Furthermore,
starting from the results obtained, social media could be used by tourism actors (e.g., park
managers, tour operators, etc.) to communicate their strategies and marketing proposals
to consumers [6]. In particular, for the PLNP both the topics of greatest interest treated
by visitors in their reviews and the less contemplated elements are identified, thanks to
the use of the methodology adopted. Particularly, the forest ecosystem is not taken into
consideration by the visitor reviews, while it would represent the largest percentage of
the park area. In line with what has been identified in the current Management Plan [52],
it becomes essential to enrich the program of visits with activities that encourage the ex-
ploration of all areas of the park. For example, experiences of great interest [25], such
as group excursions or guided naturalistic visits, could generate greater appreciation for
the complexity of the park’s natural systems other than the aquatic ones already widely
known. Given the importance attached by visitors to events and special occasions, a fur-
ther solution to improve the management of the PLNP could be to organize theme-days,
highly appreciated by visitors to national parks [27], in order to attract tourists even in
less crowded periods, for example, during the winter season, and, therefore, reduce the
pressure of the summer season. The PLNP managers could monitor the effectiveness in the
proposal of the new visiting programs and events by repeating in the future an analysis of
the TripAdvisor reviews with the method adopted in this study in order to search for the
presence or absence of the “forests” theme among the interests of visitors.

Thus, in general, from a managerial point of view, these findings can help PLNP
managers to better understand visitors’ preferences. Furthermore, in this way, managers
can more consciously decide which aspects to devote more attention to and how to best
redistribute investments to ensure visitor satisfaction.

5.4. Limitations and Future Research

Through the use of social media, it is possible to involve visitors in a first level of
participation for protected natural resource management, that of information gathering.
In fact, it is extremely complex to include visitors in the subsequent steps of the process,
first of all, because it would be necessary to involve very large samples to be representative
for the entire population and, secondly, because it is difficult to find simple and adequate
channels to contact and interview so many people. Conversely, one of the most relevant
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advantages is due to the opportunity to carry out investigations on very large samples at
extremely low costs. It is also true that other social media (e.g., Instagram and Twitter)
allow analysis on a larger scale [8,27], even if they reported some difficulties in processing
much shorter texts with a definitely lower amount of information [27].

In the present study, in order to obtain a consistent sample (15,673 online reviews) it
was decided to use TripAdvisor reviews on the PLNP issued over a long period (2007–2021).
Future research could investigate shorter periods of time to analyze the evolutionary
dynamics of the park as well as the effectiveness of the different management strategies
used over the years. Furthermore, it must be said that the analysis was restricted to a
single Croatian National Park, even if it is the best known (i.e., PLNP). A further study
could be, for example, that of a broader analysis of the overall network of national parks
that would make it possible to systematize the monitoring and management of protected
areas based on a shared investigation effort. It should also be noted that the study presents
some biases related to the habits of people in the use of social media. In fact, it has been
demonstrated that social media are mostly used among younger people [8,32], which
highlights the fact that the analyzed sample is not representative of some categories of
people (i.e., children and elderly). The absence of socio-demographic information from
TripAdvisor users does not allow for more extensive surveys on the characteristics of the
sample [3], while it would be advisable to analyze the preferences of visitors based on
their personal characteristics through subsequent in-depth surveys. In fact, it has not been
forgotten that the combination of current and traditional survey methods certainly allows
the carrying out of very extensive investigations but also allows one to deepen some aspects
of the issue in detail [3]. Likewise, it is assumed that all reviews analyzed come from honest
opinions of visitors. However, this assumption may not be true, as fake reviews are not
uncommon, and it is likely that some of them were included in the sample used in this as
well as other sector studies [19]. Since that of natural areas, and in particular of national
parks, is a topic not yet particularly deepened in the CA field [3], it could be useful to
develop a recreational dictionary specific for national parks that can improve the accuracy
of the analysis of the text thanks to the reference to specific terms for the description
of the perception of natural environments [8]. Finally, future research could exploit the
information available relating to the country of provenance in order to investigate the
different preferences expressed by visitors from diverse geographic clusters [27], which
have not been investigated in this study.

Despite the above-mentioned limitations, it is believed that the research conducted
can be a reliable and useful starting point in the context of tourism analyses to deepen the
opinions of the users of the areas of naturalistic interest and extrapolate from their reviews
important information for better planning of management activities.

6. Conclusions

The present study investigated the strengths and weaknesses of the PLNP through a
large sample of visitor reviews. The results demonstrated the flexibility and effectiveness of
applying the developed method to unstructured textual data of online reviews. The present
study contributes to fill a research gap in visitor perception analysis for natural areas. The
management of the forest area of the PLNP is complex, as it must combine the conservation
of natural ecosystems and the tourist destination promotion. In other words, the man-
agement must consider the trade-off between the tourism-recreation function and other
ecosystem services. The combined use of different and complementary techniques allowed
us to develop two research branches in parallel. In the first, the sentiment analysis scores
were used to implement a natural language processing technique (i.e., RAKE analysis) from
which the strengths and weaknesses of the PLNP have been extrapolated from the visitors’
point of view. In the second, the multidimensional scaling method and cluster analysis
were used to identify the key topics covered in visitors’ reviews. In accordance with the
latter result, it might be appropriate to involve visitors in a more in-depth investigation
so as to collect visitors’ opinions on the priorities defined by the park managers. Despite
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the limitations encountered, the social media data analysis turns out to be an exhaustive
investigation method capable of providing useful information. On the one hand, theoret-
ical advantages can be achieved, contributing in the field of research to the definition of
increasingly in-depth and efficient survey tools, and, on the other hand, it is possible to
obtain practical information to be provided to the figures who deal with the management
and planning related to protected natural areas.
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Appendix A

The non-normal distribution of the sentiment analysis scores was visually verified in
the following graphs.
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Abstract: Based on habitat preferences, in this study, we investigated the spatial distribution of the
Magnolia genus in the northern part of Sulawesi. Habitat characteristics, especially temperature,
precipitation, and topography, were determined using spatial analysis. The temperature and precipita-
tion datasets were obtained from WorldClim BIO Variables V1, and topographical data were obtained
from the Google Earth Engine. Data collection began in 2008–2009 and was completed in 2019–2020.
In total, we analyzed 786 waypoints. The genus distribution was then predicted based on the most
suitable habitat characteristics and mapped spatially. This study confirmed that Magnolia spp. dis-
tribution is affected by the annual temperature range, precipitation seasonality, and elevation. We
discovered endemic and endangered species, Magnolia sulawesiana Brambach, Noot., and Culmsee,
that were previously distributed exclusively in the central part of Sulawesi. Five waypoints of the
endemic species were found in the conservation area of the Gunung Ambang Nature Reserve and
on the border of Bogani Nani Wartabone Nation Park. In general, M. sulawesiana is distributed at
higher elevations than other Magnolia species. This study provides a scientific basis for forest officers
to develop in-situ and ex-situ conservation strategies and landscape protection measures to maintain
the sustainable use of the genus, especially the sustainability of endemic species.

Keywords: endemic; landscape protection; conservation; Magnolia sulawesiana; habitat characteristic;
spatial distribution

1. Introduction

Magnolia (Fam. Magnoliaceae) is a plant genus that consists of more than 300 species [1–5].
This genus has a wide distribution in subtropical and tropical Asia and America [2,4,5]. The
Magnolia genus includes evergreen and deciduous trees and shrubs [2,4], and many species
are prominently used as ornamental plants, timber, medicinal raw materials, cosmetics,
and essential oils [2,3,6–10]. Despite Magnolia’s crucial uses, the assessment in [2] using
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the International Union for Conservation of Nature (IUCN) criteria resulted in 147 species
of Magnolia being categorized as threatened (Critically Endangered, Endangered, and
Vulnerable) due to various threats such as continued deforestation, habitat destruction, and
over-harvesting.

In Indonesia, there are 28 species of Magnolia distributed in Sumatra, Java, Lesser
Sunda Islands, Sulawesi, Moluccas, and Papua [2,7,10]. Among these species, one species
was categorized as Threatened, i.e., Magnolia sulawesiana Brambach, Noot., and Culmsee
(Endangered); one as Near Threatened (M. borneensis); five under Least Concern; and the
rest under Data Deficiency. Indonesia is one of the countries with the least amount of
information on Magnolia, especially for the threatened taxa [11].

The endangered M. sulawesiana is an endemic species that grows naturally only in
three locations within the mountain range in the central part of Sulawesi [12]. Considering
the increasing rate of forest-cover loss in Sulawesi, which was 10.98% between 2000 and
2007 [13], as well as the species’ current red-list status as Endangered [2], it is crucial to find
this endemic species in other areas of Sulawesi. The central parts of Sulawesi, including the
Central and West Sulawesi Province, where M. sulawesiana was found, face deforestation
rates of 0.68 and 0.84%, respectively [13]. Deforestation is not the only threat to Magnolia;
overharvesting, poor fruiting, and low natural regeneration [11] also add pressure to the
endemic species’ vulnerability in the wild.

In Indonesia, overharvesting might become a real threat since Magnolia species are
commercially traded. This is especially true for M. sulawesiana because it is challenging
to distinguish M. sulawesiana wood from other Magnolia woods on the market. Magnolia
species have a long historical connection with the Minahasa tribe, one of the tribes in the
northern part of Sulawesi. The Magnolia woods are known as Cempaka or Wasian and were
used as material to construct Woloan, a traditional Minahasa wooden house [14–16]. In the
1970s, when forest concession rightsholder companies began to operate in the production
forest, Magnolia wood became prominent because of its good quality. In response to the high
demand for Magnolia wood, local communities started to plant Magnolia species [17,18].
Today, the Minahasa district is known to have the largest community plantation forest
containing Magnolia species among the areas in Sulawesi [15,19,20].

There is also Magnolia cubensis in Cuba, which is a highly endangered and endemic
species that requires conservation measures. The need for conservation action was de-
termined based on the findings of studies on the influence of habitat fragmentation on
the species’ population structure and genetic diversity [21]. In Western Mexico, Magnolia
granbarrancae, M. pugana, M. talpana, and M. vallartensis are also critically endangered
species because their extent of occurrence (EOO) and area of occupancy (AOO) are below
the limits set by the IUCN, and they also have a low genetic diversity [22].

The spatial distribution of plant species is not the result of a random event but is
influenced by environmental variables, especially climate and topography characteris-
tics [23,24], as well as soil, temperature, hydrology, and spatial constraints, which affect
plant distribution [25–29]. Information on the distribution of Magnolia spp. in North Su-
lawesi is crucial for conservation strategies and landscape protection. Understanding the
habitat preferences and suitability of Magnolia spp. is also important to determine the
species’ functions in its surrounding community, including the associated animals [30]. An
assessment conducted in China using climate and terrain variables demonstrated differing
habitat preferences among Magnolia species [8]. Despite its importance for conservation
strategies, this type of assessment has never been used for Magnolia species in Indonesia.

This study aims to identify the distribution of Magnolia species in the northern part of
Sulawesi, including the endemic M. sulawesiana. We distinguished the habitat preferences of
Magnolia and combined them with spatial data to estimate the potential species distribution.
The discovery of M. sulawesiana distribution in the northern part of Sulawesi will lead to a
new record of this species’ distribution in the Wallacea bioregion [29], which features high
species endemism but is still poorly understood.
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2. Materials and Methods
2.1. Study Area and Targeted Species

This study was conducted in the northern part of Sulawesi Islands, Indonesia, covering
an area of 13,892 km2 (Figure 1). Most of the topography in this area features hills and
mountains that are more than 1000 m above sea level (m asl), with steep contour intervals
of less than 12.5 m.

The following Magnolia species [5,19] are known to exist in North Sulawesi: Magnolia
tsiampacca, M. tsiampacca var. tsiampacca, M. vrieseana, M. lilliifera, M. champaca, and M. candollei.
The endemic M. sulawesiana, which closely resembles M. tsiampacca var. tsiampacca [12], is
the most common species in the study areas. Even though it is challenging to distinguish
all species in the field, M. sulawesiana can be easily differentiated by its golden leaf color.
Local people sometimes refer to M. sulawesiana as “gold Cempaka Wasian” because of its
leaf color. In all study areas, we specifically distinguished M. sulawesiana and grouped
other Magnolia species that were found as Magnolia spp.
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Figure 1. Study area in the northern part of Sulawesi: The purple color represents conserva-
tion areas of Bogani Nani Wartabone National Park (BNWNP) and the Gunung Ambang Nature
Reserve (GANR).

A preliminary study was conducted to locate the Magnolia species in North Sulawesi
by collecting information from the district forestry office, local herbarium data, local people,
and the literature [19,31,32]. All information was subsequently mapped to produce a survey
map. A field survey and ground check were then conducted twice to record the presence
or absence of the genus. The first survey was conducted in 2008–2009, concentrating in
the western part, and the second in 2019–2020 for the eastern part of North Sulawesi. In
all locations in which Magnolia trees (diameter at breast height > 15 cm) were found, we
recorded the geographical positioning system coordinates as waypoint data. Associated
species found around Magnolia spp. were also recorded. We recorded 786 waypoints for
Magnolia spp., 5 of which were for the endemic species M. sulawesiana.

2.2. Habitat Characteristics

Habitat characteristics were analyzed using a hierarchical approach with parameters
for the criteria, indicators, and verifiers based on those in [8] as presented in Table 1. A
flowchart of this methodology used in the present study is presented in Figure 2. The first
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parameter used was temperature, which was divided into several indicators as shown in
Table 2 [33]. We also included land surface temperature (LST), which was derived from the
MODIS_LST dataset. This dataset provides daily surface temperature information with a
spatial resolution of 1 km [34]. The temperature data were collected from the WorldClim
BIO Variables V1 dataset [35].

Table 1. Parameters analyzed in each data category.

Temperature Precipitation Topography

AMT AP E (Elevation)
DRT PDM S (slope)
MinT PWM A (Aspect)
MaxT PCQ
TAR PWQ
TS PDQ

LST PWEQ
Isot PS
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Table 2. Classification of Magnolia spp. distribution prediction based on covariance model analysis.

Class Description

1 Not a natural distribution area because the parameter values are out of range.
2 Possible distribution area of Magnolia spp. Because one of the parameter values is within range.

3 Possible distribution area of Magnolia spp. Because two of the parameter values are within range
(elevation and temperature annual range).

4 Possible distribution area of Magnolia spp. Because two of the parameter values are within range
(elevation and precipitation seasonality).

5 Possible distribution area of Magnolia spp. because two of the parameter values are within range
(temperature annual range and precipitation seasonality).

6 High possible distribution area because all parameter values are within range.
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Notes:

• Annual mean temperature (AMT) is the average temperature each year based on the
ratio of energy obtained by the ecosystem and the duration of the covered times.

• Diurnal range temperature (DRT) records the daily temperature fluctuations obtained
from the maximum and minimum daily temperature differences in a period.

• Maximum temperature (MaxT) is an indicator that states the highest daily temperature
in the month with the hottest temperature in each season of the year.

• Minimum temperature (MinT) is the lowest temperature in the coldest month, which
varies from year to year. As a result, the lowest temperature will be average.

• Temperature annual range (TAR) is an indicator that states the differences between
MaxT and MinT.

• Temperature seasonality (TS) is a periodic temperature indicator of the daily average
and deviation of temperature.

• Annual precipitation (AP) expressed in mm/year is the average yearly rainfall in the
observation period.

• Precipitation of the driest month (PDM) and wettest month (PWM) record the average
amount of rain in the driest month and rainy season, respectively.

• Precipitation of the coldest quarter (PCQ), the warmest quarter (PWQ), the driest
quarter (PDQ), and the wettest quarter (PWEQ) indicate the average daily rain in the
coldest quarter of a year, the warmest quarter of a year, the dry season quarter of a year,
and the highest rainy quarter of a year, respectively. In Indonesia, PWQ and PWEQ
are difficult to distinguish between since there are only two seasons, the rainy and dry
seasons, between which the temperature differences are very narrow. Precipitation
data were also collected from the WorldClim BIO Variables V1 dataset [35].

• Isothermality (Isot) is a thermodynamic process in which the temperature of a system
remains constant.

• Aspect (A) is the compass direction or azimuth that a terrain surface faces.

2.3. Data Analysis

Magnolia spp. distribution was predicted based on the most suitable habitat char-
acteristics. Since one of the Magnolia spp. found in North Sulawesi was M. sulawesiana,
which is an endemic and endangered species [12,32,36], we predicted the suitable habitat
characteristics for this particular species separately for conservation purposes.

For the spatial analysis, a covariance model was used to determine the species depen-
dency [37] and to increase the prediction accuracy based on the species distribution [30,31].
The hypotheses used in the covariance test for each indicator were as follows:

Hypothesis H0. There will be differences in variance for each indicator where the species grow
(p-value < α = 5%).

Hypothesis H1. There are no differences in variance for each indicator where the species grow
(p-value > α = 5%).

The value interval of each indicator was calculated to determine the pattern of each
waypoint. The contribution of each parameter and quadrant was then determined using a
principal component analysis and a bi-plot contribution graph. To avoid the possibility of
errors in classification, the required contribution should be close to 100%.

The classification of species distribution patterns depends on the indicator for the
number of species present, where a higher score indicates a greater possibility for a species
to be present. All the parameter data were overlayed with a spatial raster. The classes were
then developed based on the presence/absence of tree species. If there is an n-parameter
with the presence/absence of Magnolia spp. trees, then the number of classes becomes 2n if
the species is present. A higher value of n indicates a higher possibility of Magnolia spp.
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being present and vice versa. The interval between the highest and lowest n-value then
indicates variations in the probability (Table 2).

Distribution classification testing was conducted using separated data testing based
on the method in [38]. An accuracy test was then completed using the Kappa value [39],
which was able to express accuracy in the classification [38]. The comparison matrix is
presented in Table 3.

Table 3. Confusion matrix of the validation distribution test.

Reference
Class 1 2 .. m ∑

Map

1 p11 p12 p1. p1m p1.
2 p21 p22 p2. p2m p2.
.. p.1 p.2 p.. p.m p..
n pn1 pn2 pn. pnm pn.
∑ p.1 p.2 p.n p.m 1

p0 =
m

∑
i=1

pii (1)

Here, p0 is the probability of accuracy, which determines whether it is appropriate to
locate the point in the polygon that indicates the presence of M. sulawesiana or Magnolia spp.
and vice versa for the point that indicates that the polygon does not contain M. sulawesiana
or Magnolia spp.

pe =
m

∑
i=1

pi. p.i (2)

Here, pe is the chance of error, which determines whether the point in the polygon that
indicates that there is no Magnolia spp. or M. sulawesiana can be precisely determined and
vice versa for the point that determines whether the polygon does not contain Magnolia spp.
or M. sulawesiana when they exist in the polygon. The Kappa coefficient (κ) and standard
error (σκ) were then measured using the following equation:

3. Results
3.1. Habitat Characteristics

M. sulawesiana and other Magnolias grow under a similar diurnal temperature range,
land surface temperature, and isothermality but have different ranges for the rest of the
indicators (Figure 3 and Table 4). Magnolia spp. grow at an annual average temperature of
between 20 and 26.4 ◦C, with an average of 23 ◦C, while M. sulawesiana grows at 20–25 ◦C,
with an average of 21◦C. Magnolia spp. grow at minimum temperatures of between 15 and
22 ◦C, while M. sulawesiana can prevail at minimum temperatures of between 15 and 20 ◦C.
Concerning the highest temperature, Magnolia spp. can grow at temperatures of 25–32 ◦C,
with 25–30 ◦C for M. sulawesiana. Based on the temperature differences between the rainy
and the dry season, Magnolia spp. grow in areas with a temperature difference of 2.2–3.8 ◦C.
Meanwhile, M. sulawesiana grows in areas with a temperature difference of 2.3–2.5 ◦C.

Based on the precipitation data, Magnolia spp. and M. sulawesiana have a similar
range only in annual precipitation (Figure 4 and Table 5). The average annual rainfall is
between 1900 and 3000 mm. Magnolia spp. grow in areas with rainfall of between 2060 and
3034 mm/year, with an average annual rainfall of 2400 mm. Meanwhile, M. sulawesiana
grows in areas with rainfall of 1900–2400 mm/year and an average of 2300 mm/year.

The topographical data (Figure 5 and Table 6) show that Magnolia spp. grow at
elevations between 400 and 800 m asl. However, some trees are found at up to 1300 m
asl. Meanwhile, M. sulawesiana grows at an elevation of 1000–1300 m asl, with most trees
growing above 1200 m asl. Magnolia spp. and M. sulawesiana grow in an overlapping
topography range from 1000 to 1300 m asl.
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The statistical analysis results (Table 6) indicate that Magnolia spp. can be found
at an altitude of between 30 and 1345 m asl with a variation of up to 45%. Meanwhile,
M. sulawesiana grows between 179 and 1414 m asl with a variation of 48%. The average
Magnolia spp. and M. sulawesiana grow at 638 m asl and 1017 m asl, respectively. Meanwhile,
both have similar preferences in terms of slope and aspect.

Table 4. Statistical descriptions for temperature indicators.

Variable Tree Species Average Standard Deviation Coefficient of Varian Min Max

AMT
Magnolia spp. 23 1.5 6.4 19.9 26.4
M. sulawesiana 21 2.3 10.9 19.5 25.0

DRT
Magnolia spp. 8.4 0.06 0.8 8.2 8.5
M. sulawesiana 8.4 0.05 0.7 8.4 8.5

MinT
Magnolia spp. 18.3 1.5 8.2 15.2 21.9
M. sulawesiana 16.2 2.3 14.0 14.7 20.2

MaxT
Magnolia spp. 28.2 1.4 5.1 25.2 31.5
M. sulawesiana 26.2 2.3 8.7 24.7 30.2

TAR
Magnolia spp. 9.9 0.09 0.9 9.6 10.0
M. sulawesiana 10 0.0 0.0 10.0 10.0

TS
Magnolia spp. 2.9 0.3 10.1 2.2 3.8
M. sulawesiana 2.4 0.1 4.7 2.3 2.5

LST
Magnolia spp. 26.5 1.8 6.7 21.4 30.8
M. sulawesiana 25.3 1.9 7.4 22.6 27.4

Isot
Magnolia spp. 84.3 0.5 0.6 83.0 86.0
M. sulawesiana 84.4 0.5 0.7 84.0 85.0
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Table 5. Statistical descriptions for precipitation indicators.

Variable Tree Species Average Standard Deviation Coefficient of Varian Min Max

AP
Magnolia spp. 2414.0 171.7 7.1 2061.0 3034.0
M. sulawesiana 2290.6 210.6 9.2 1915.0 2407.0

PDM
Magnolia spp. 101.7 11.2 11.0 86.0 135.0
M. sulawesiana 103.4 6.5 6.3 92.0 108.0

PWM
Magnolia spp. 281.7 35.7 12.7 234.0 430.0
M. sulawesiana 266.2 34.8 13.1 204.0 284.0

PCQ
Magnolia spp. 738.9 81.0 11.0 550.0 1080.0
M. sulawesiana 474.2 57.2 12.1 427.0 551.0

PWQ
Magnolia spp. 512.8 129.0 25.2 334.0 755.0
M. sulawesiana 553.8 74.3 13.4 421.0 592.0

PDQ
Magnolia spp. 358.6 32.7 9.1 313.0 451.0
M. sulawesiana 377.2 37.2 9.9 311.0 398.0

PWEQ
Magnolia spp. 777.3 86.4 11.1 632.0 1141.0
M. sulawesiana 705.6 65.3 9.3 589.0 742.0

PS
Magnolia spp. 27.9 2.1 7.4 24.0 39.0
M. sulawesiana 23.6 0.5 2.3 23.0 24.0

Table 6. Statistical descriptions for topography parameter.

Variable Tree Species Average Standard Deviation Coefficient of Varian Min Max

Elevation
Magnolia spp. 638.49 288.50 45.18 30.00 1345.00
M. sulawesiana 1017 487 47.93 179 1414

Slope Magnolia spp. 89.996 0.00527 0.01 89.913 90.000
M. sulawesiana 89.997 0.00177 0.00 89.995 89.999

Aspect Magnolia spp. 202.15 106.01 52.44 0.00 359.40
M. sulawesiana 197.1 123.9 62.84 54.4 329.0

Variation Test for Habitat Characteristics

The results of the F test showed that each category of habitat parameters featured
variations among both Magnolia spp. and M. sulawesiana. The parameters of temperature
annual range, precipitation seasonality, elevation, and slope showed significant differences
in Magnolia spp. (Table 7).

The six temperature and seven precipitation indicators tested showed no differences
for Magnolia spp. and M. sulawesiana, meaning that Magnolia spp. and M. sulawesiana have
similar habitat preferences. Significant differences in preferences were observed in the gap
between the maximum and minimum temperature (TAR) and the ratio between the stan-
dard deviations of annual rainfall (PS) (Table 7). While Magnolia spp. and M. sulawesiana
have different ranges in elevation and slope, they both have the same variation in aspect,
which is supported by the work in [40] showing that precipitation and annual mean temper-
ature make critical contributions to endemic and critically endangered species in Kashmir
Himalaya. Based on these results, we concluded that the habitat characteristics of Magnolia
spp. and M. sulawesiana are influenced by the temperature annual range, precipitation
seasonality, and elevation. This information serves as the basic information to predict the
spatial distribution of Magnolia spp. and M. sulawesiana.

3.2. Species Distribution
3.2.1. Magnolia spp.

The variable contribution and bi-plot analysis of Magnolia spp. showed that the slope
has a lower impact than the other key variables, including annual temperature range,
precipitation seasonality, and elevation. In addition, the slope variable is also in the same
quadrant as the annual temperature range (Figure 6). Therefore, the slope variable can be
neglected when estimating the distribution of Magnolia spp.
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The spatial distribution prediction map for Magnolia spp. is presented in Figure 7.
There are six distribution classifications based on the range of TAR, PS, and elevation
parameters (as shown in Table 2). The highest number of criteria (6, green color) represent
the most suitable habitat, while the lowest number (3, yellow color) represents the least
suitable habitat for Magnolia spp. In general, Magnolia spp. is spread in mountainous areas
and follows the direction of the slopes with a concentric habitat pattern.

Table 7. F-test results for all habitat characteristic categories.

Categories p-Value F Test

Temperature

Annual mean temperature (AMT) 0.09
Diurnal range temperature (DRT) 0.87

Temperature minimum (MinT) 0.11
Temperature maximum (MaxT) 0.09

Temperature annual range (TAR) 2.2 × 10−16 **
Temperature seasonality (TS) 0.07

Land surface temperature (LST) 0.72
Isothermality 0.65

Precipitation

Annual Precipitation (AP) 0.39
Precipitation of driest month (PDM) 0.29

Precipitation of wettest month (PWM) 0.87
Precipitation of coldest quarter (PCQ) 0.53

Precipitation of warmest quarter (PWQ) 0.29
Precipitation of driest quarter (PDQ) 0.54

Precipitation of Wettest quarter (PWEQ) 0.63
Precipitation Seasonality (PS) 0.02 **

Topography
Elevation (E) 0.04 **

Slope (S) 0.04 **
Aspect (A) 0.49

** significantly different.

3.2.2. Magnolia sulawesiana

The main characteristics of the M. sulawesiana species found in the northern part of
Sulawesi are leaves with a coriaceous shiny-green top (pale greenish-brown to reddish-
brown when dry) and a paler bottom (dark golden-brown to chestnut when dry). The tree
bark is grey-brown, fissured, and lenticellate with a mealy texture and flakes off in large,
irregular plates on older trees. Older trees feature silver-grey bark with fine longitudinal
cracks (Figure 8). According to the species characteristics and identification key provided
in [12], we are confident that the species found in the study area is M. sulawesiana.

The flowering and fruiting seasons of M. sulawesiana have irregular patterns in the five
locations. This study identified two flowering and fruiting seasons, of February to April
and August to September. The study also found that single-mother trees can have both a
flowering and fruiting season (monoecious). Buds, young and mature flowers, and ripe
fruits were observed together in one individual tree. We also observed very few seedlings
around the mother tree, although closer observations of the reproduction strategy of this
species must be conducted. Poor fruiting and low natural regeneration were reported
in [11]. These findings will add to the knowledge of M. sulawesiana in the northern part
of Sulawesi. The other location was the mountain forest of the Gunung Ambang Nature
Reserve (GANR) and production forest (Figure 9), where we found four individuals of
M. sulawesiana at an elevation of 1163–1378 m asl in a hilly primary forest dominated
by Myristicaceae, Euphorbiaceae, and Calophyllaceae. Additionally, one individual was
found in the slope area near Kotulidak River. The last individual found was located in the
production forest at Bolaang Mongondow District (175 m asl). This production forest is
part of a natural forest located near the boundaries of BNWNP. Based on the analysis of
the results, this endemic species seems to have a wide distribution, from 179–1414 m asl
to 1600–2200 m asl, as described in [12]. This wide range of elevation creates a greater
possibility of finding this species in the mountainous area down to the lowland forest
in Sulawesi.
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3.3. Accuracy Test Classification

The results of the accuracy test (Table 8) showed that the estimated kappa distribution
was 100%; thus, the standard error was zero. A random selection of waypoints in the classi-
fication accuracy test was also conducted. The number of waypoints in the Magnolia spp.
distribution test was 116. All points were of the highest class (6). Thus, the Kappa value
was 100%, which means the classification accuracy is appropriate.

122



Forests 2022, 13, 802
Forests 2022, 13, x FOR PEER REVIEW 14 of 19 
 

 

 
Figure 7. Distribution prediction patterns of Magnolia spp. in North Sulawesi, with the number rep-
resenting habitat suitability, with 3 indicating the least suitable habitat and 6 representing the most 
suitable habitat. In the map, the darker the color (6), the more suitable the habitat for Magnolia spp. 

3.2.2. Magnolia sulawesiana 
The main characteristics of the M. sulawesiana species found in the northern part of 

Sulawesi are leaves with a coriaceous shiny-green top (pale greenish-brown to reddish-
brown when dry) and a paler bottom (dark golden-brown to chestnut when dry). The tree 
bark is grey-brown, fissured, and lenticellate with a mealy texture and flakes off in large, 
irregular plates on older trees. Older trees feature silver-grey bark with fine longitudinal 
cracks (Figure 8). According to the species characteristics and identification key provided 
in [12], we are confident that the species found in the study area is M. sulawesiana. 

 
Figure 8. Morphological characteristics of M. sulawesiana found in the northern part of Sulawesi: (a) 
adaxial leaf; (b) abaxial leaf; (c) older tree bark; (d) leaves on twig with an open flower; (e) leaves on 
twig with fruit; (f) closer look at ripe fruits. 

Figure 7. Distribution prediction patterns of Magnolia spp. in North Sulawesi, with the number
representing habitat suitability, with 3 indicating the least suitable habitat and 6 representing the most
suitable habitat. In the map, the darker the color (6), the more suitable the habitat for Magnolia spp.

Forests 2022, 13, x FOR PEER REVIEW 14 of 19 
 

 

 
Figure 7. Distribution prediction patterns of Magnolia spp. in North Sulawesi, with the number rep-
resenting habitat suitability, with 3 indicating the least suitable habitat and 6 representing the most 
suitable habitat. In the map, the darker the color (6), the more suitable the habitat for Magnolia spp. 

3.2.2. Magnolia sulawesiana 
The main characteristics of the M. sulawesiana species found in the northern part of 

Sulawesi are leaves with a coriaceous shiny-green top (pale greenish-brown to reddish-
brown when dry) and a paler bottom (dark golden-brown to chestnut when dry). The tree 
bark is grey-brown, fissured, and lenticellate with a mealy texture and flakes off in large, 
irregular plates on older trees. Older trees feature silver-grey bark with fine longitudinal 
cracks (Figure 8). According to the species characteristics and identification key provided 
in [12], we are confident that the species found in the study area is M. sulawesiana. 

 
Figure 8. Morphological characteristics of M. sulawesiana found in the northern part of Sulawesi: (a) 
adaxial leaf; (b) abaxial leaf; (c) older tree bark; (d) leaves on twig with an open flower; (e) leaves on 
twig with fruit; (f) closer look at ripe fruits. 

f 

Figure 8. Morphological characteristics of M. sulawesiana found in the northern part of Sulawesi:
(a) adaxial leaf; (b) abaxial leaf; (c) older tree bark; (d) leaves on twig with an open flower; (e) leaves
on twig with fruit; (f) closer look at ripe fruits.
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BNWNP in North Sulawesi.

Table 8. Accuracy test classification results for Magnolia spp.

Class 0 1 ∑ p0 pe κ σκ

Magnolia spp.
0 0 0 0 0 1 100% 0
1 0 116 116
∑ 0 116 116

4. Discussion

The spatial distribution of Magnolia in North Sulawesi Province is influenced by
the annual temperature range, precipitation seasonality, and elevation. At the landscape
scale in this extremely varied environment, topography and climate were reported to be
significant determinants of species richness, endemic richness, and endemicity [23,24]. The
influence of climate on Magnolia distribution demonstrates the species’ vulnerability to
climate changes [40]. Magnolia is also reported to have allopatric speciation [3]. Thus,
geographical isolation [3], topography, and climatic factors [26] have led to the scarcity of
this genus due to a lack of specific habitat suitability. On the other hand, changes in climatic
parameters such as temperature can also lead to the distribution of a species outside of its
native range, as shown in [41] for M. grandiflora.

Based on our results, despite the importance of climatic factors, elevation seems to
have the largest influence on Magnolia species distribution in North Sulawesi Province.
Elevation can have a 10% to 50% effect on plant distribution [27,42]. For M. sulawesiana,
we found that this species has a wider elevation range due to the presence of outlier data.
One individual was found at 175 m asl, while the rest of the individuals, including the
individual recorded in [12], were found from 1100 to 2000 m asl. This is a very interesting
result because the individual was identified as M. sulawesiana based on morphological
characteristics [12] and located inside GANP, where it remains unclear if this species grows
naturally. A closer study needs to be conducted to explain this phenomenon. There might
be other factors that determine species distribution other than climatic and elevation factors.
Other research shows that most of the endemic and endangered species of Magnolia are
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naturally found in tropical mountain forests and at high elevations. Examples include
M. schiedeana in Mexico [43], M. sinica in Yunan (1339–1707 m asl) [44], M. vovidesii in
Mexico (1520–1550 m asl) [21], and M. granbarrancae (1073–1215 m asl) [22].

The growing demand for Magnolia trees in the lumber market throughout the year
has led to consequences such as the increasing rarity of this genus. To meet these needs,
wood is harvested not only from Magnolia plantations but also from the species’ natural
habitat. This study demonstrated that the distribution of Magnolia spp. in production
forests is decreasing. Without any effort to create a community development program to
maintain the balance between different needs, Magnolia species will gradually become rare
and, eventually, extinct. As a result, the existence of this genus is threatened. Scattered,
small-scale Magnolia plantations managed by local people still exist in several areas in
North Sulawesi. Examples include Rumoong Atas Village, South Minahasa District [17],
and Kawatak Village, Minahasa District [18]. The plantation in Rumoong Atas village
has existed for decades, and the Cempaka trees in the region were planted on inheritance
land [17]. The plantations typically cover about 1–2 ha and is managed from generation to
generation. While the local community in Kawatak village developed plantations under the
Community Forestry Program, the local people planted several Magnolia species, including
the endemic species, M. sulawesiana.

Habitat preference data will serve as the basic information for landscape management
approaches to ensure the survival of the genus, including in-situ and ex-situ conservation.
This approach is also expected to maintain the remaining natural population in the pro-
tected area while ensuring sustainable use through plantation and community forests. The
Magnolia species, especially the endemic species, found inside conservation areas, need
to be protected in-situ [22]. As an endemic and endangered species, M. sulawesiana also
needs to be considered as a protected species. For this reason, conservation efforts were
conducted at both the habitat and species level. The other Magnolia species found outside
the conservation areas could also be proposed for protection to maintain their sustainability.
Additionally, the area could be designated as a buffer zone. Using the same information,
the ex-situ conservation of the species could be conducted through the development of
plantations or community forests within the most suitable habitat preferences in collab-
oration with the local people. Community forest development could act as a buffer for
the natural habitat of the species in the conservation area. Ex-situ conservation could
also lessen the risk of extinction for threatened species and support in-situ conservation
efforts [22]. The remaining forest in Sulawesi plays a crucial role as a life support system
due to its geographical conditions, with extreme faults being prone to landslides. Rapid
changes in land use create further difficulties for conservation efforts on this island. A
spatial distribution map is crucial for the local forest district to develop landscape-scale
protection [22], which is important not only for the targeted species but also for Wallace’s
unique wildlife and Sulawesi’s fragile ecosystems more broadly [45].

To facilitate the effective implementation of conservation, especially for endemic species
with unique habitats [46], further research needs to be conducted to determine the genetic
diversity of all populations, and inbreeding and genetic diversity levels [22,46] could be
used to determine protection priorities, especially at the landscape level. Information on
the population size, phenological patterns, morphological variations [47,48], and popula-
tion genetic diversity [49] in natural habitats, including the populations in the northern
and central part of Sulawesi, will determine the actions that should be taken concerning
conservation in natural habitats (in-situ). This conservation should involve the indigenous
knowledge of “Eluren Eng Kayobaan” (keeping and maintaining the Earth) [50] to encourage
the planting of Wasian trees on community lands.

5. Conclusions

The spatial distribution of Magnolia spp. is affected by climatic (temperature an-
nual range and precipitation seasonality) and elevation variables. Among the discov-
ered Magnolia spp., we located five sites featuring the endemic and endangered species,
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Magnolia sulawesiana, which was previously distributed exclusively in the central part of
Sulawesi. The existence of this essential species alters the paradigm of landscape protection.
In this study, we provided a scientific foundation from which to develop in-situ and ex-situ
conservation strategies and landscape protection measures to maintain the sustainability
of endemic species. Simultaneously, it is also important to ensure the sustainable use
of other Magnolia species. Further research is required to strengthen conservation and
plantation-management practices.
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Abstract: Forest landscape preference studies have an important role and significance for forest
landscape conservation, quality improvement and utilization. However, there are few studies on
objective forest landscape preferences from the perspective of plants and using photos. This study
relies on Deep Learning technology to select six case sites in China and uses geotagged photos of
forest landscapes posted by the forest recreationists on the “2BULU” app as research objects. The
preferences of eight forest landscape scenes, including look down landscape, look forward landscape,
look up landscape, single-tree-composed landscape, detailed landscape, overall landscape, forest
trail landscape and intra-forest landscape, were explored. It also uses Deepsentibank to perform
sentiment analysis on forest landscape photos to better understand Chinese forest recreationists’
forest landscape preferences. The research results show that: (1) From the aesthetic spatial angle,
people prefer the flat view, while the attention of the elevated view is relatively low. (2) From the
perspective of forest scale and level, forest trail landscape has a high preference, implying that trail
landscape plays an important role in forest landscape recreation. The landscape within the forest
has a certain preference, while the preference of individual, detailed and overall landscape is low.
(3) Although forest landscape photographs are extremely high in positive emotions and emotional
states, there are also negative emotions, thus, illustrating that people’s preferences can be both
positive and negative.

Keywords: forest landscape; deepsentibank; deep learning; geotagged photos; sentiment analysis

1. Introduction

Forest aesthetics first originated in Germany, founded and proposed by Salisch in 1885,
signaling the beginning of a focus on the natural aesthetics of forests. The increase in the
dissection and discussion of forest beauty also laid the foundation for the study of forest
landscapes and their preferences [1]. Forest landscape is a landscape composed of a forest
ecosystem as the main body, and its research aims to reveal certain basic laws through the
structure and function of forest landscape, and to implement the protection, construction,
planning, restoration and management of forest landscape through scientific means on this
basis [2]. Globally, forests perform a variety of functions for people and the social value of
the forest environment has received a great deal of attention, especially the health function,
recreational value and landscape appreciation brought by forest tourism [3–6]. People
involved in forest tourism are generally inclined to prefer the plants element, the main
landscape element in the forest landscape, and to care about the trees in the forest [7,8]. The
aesthetic role of plants is the most important and the first to be recognized and used [9].
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People have also learned from the experience of using forest play that the forest landscape is
an integral part of the visual image of the forest [10]. However, there are still few studies on
forest landscapes from the perspective of plants or animals [11]. Based on this, we decided
to explore forest landscape preferences from a botanical point of view, to compensate, to
some extent, for the lack of this panel.

China reported 6 billion forest visitors in a 4-year period (2016–2019), with an average
annual growth rate of 15%. Among them, the number of forest tourism visitors reached
1.8 billion in 2019, creating a comprehensive social output value of USD 25.7 million; in the
wake of the COVID-19 pandemic, forest tourism has also gained momentum and reached
84.2% of the annual visitor arrivals for 2019 [12]. As forest tourism is gradually chosen
and accepted by the public, forest landscape preference studies have started to emerge
gradually, focusing on human interaction studies. An early study of forest landscape
preferences from a human perspective was conducted by Misgav and Amir—to study
the degree of people preference for forest vegetation landscapes from a visual quality
perspective [13]. Studies have shown that forest beauty does influence the number of visits
to forested areas and preferences [14,15]. Investigation of forest tourism can improve the
planning and management of forest resources, especially in terms of forest landscape, which
is an important component of forest tourism [16,17]. Among these, forest classification
has been a means of describing complex and diverse forest resources, based on vegetation
features, landscape features or a combination of both, called landscapes. Forest landscape
classification is important for ecological studies of forest landscapes, etc. In reviewing the
relevant literature, it is not difficult to find that forest landscapes mostly appear as a certain
research element of destination landscape preference studies, with few studies dedicated
to them. There is also little use of forest landscape classification systems as a basis for
identifying people’s preferences for different categories of forest landscapes.

The advent of the Web 2.0 era has opened up more possibilities for the study of forest
landscape preferences. Studies have conducted Internet-based studies on preferences
for alpine forest landscapes, preferences for forest features and preferences for forest
structure [18–20]. This has driven the emergence and catalyst of Travel 2.0, where travelers
exchange travel-related content and engage in high levels of social interaction on the
Internet. With the popularity and convenience of photography tools, travel photography is
one of the indispensable behaviors in travel [21,22]. Travel experience is, again, the most
important visual experience, and taking photos is also a fashionable behavior for people to
share their lives and publish their experiences. Therefore, the photos shared by tourists have
become the main dissemination channel for their preferences, and photo content analysis
has been widely used in tourism research and is considered to play a more important role
in the tourism process, with more scholars focusing on the nature behind the photographic
behavior [23–26]. Some scholars have already conducted early experimental studies, in
which tourists were asked to rate the content of photos and found that natural conditions,
trail design and forest conditions all affect tourists’ perceptions of the forest landscape
and its trails [27]. Photographs are intrinsically linked to tourism, as a person must take
some form of photography during their travels, and the photographs they take can reflect
their unique personal motivations [24,26]. Studies have shown that there are no substantial
differences in landscape preferences between visitors who post photos and participants
who do not post photos [28]. Therefore, we want to explore more possibilities by using
geotagged photos that people post, using the content of the photos to explore landscape
preferences. In fact, travel photos shared by tourists contain not only objective information
but also hidden information, so the photos posted on social media platforms can capture the
emotions of tourists and the conditions of their experiences [29,30]. The visual perception
of a forest environment does influence people’s psychological emotions and adjusts their
psychological state, and almost all studies agree that forests trigger positive emotions. Is it
true that people in forest landscape environments feel only positive emotions? We wanted
to explore whether other answers existed.
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The field of artificial intelligence has made significant advances in computer vision
(CV), image processing techniques and deep learning, offering many new possibilities
and new ideas for preference, as well as for the study of travel photos. Currently, in
addition to manual coding with tools, such as NVIVO and Textblob or using tools for smart
tagging of photos [31–34], computer vision technology provides a better solution path
for visual content analysis in tourism. Recently, Transformer and Multilayer Perceptron
(MLP)-based models, such as MLP-Mixer and Vision Transformer, have started to lead the
new trend because of their excellent performance in ImageNet classification tasks [35]. The
spread of coding technologies, such as Python, has made interdisciplinary collaboration
between the fields of tourism research and computing possible, and computer technologies,
such as computer vision, image processing techniques and deep learning, have facilitated
content processing, recognition and analysis of photos published on UGC platforms [36].
Based on the characteristics of deep learning, it is mainly applied to two segments of
tourism research: tourist volume prediction and image content mining. The application
methods are mainly divided into two types: using pre-models as is and training models by
migration learning [37]. Tourism photo content mining is mainly from big data on UGC
platforms for visual content analysis. Image-based tourism research is also increasingly
focused on potential sentiment analysis, e.g., Deng et al. more innovatively started to use
Deepsentibank’s deep learning tools for tourism group imagery, as well as destination
images [38,39]. In addition, several studies have used pre-trained models to classify
and analyze tourism photos. Payntar et al. analyzed tourism photographs of the Cusco
World Heritage Site in Peru using the ResNet model [40]. Cho et al. used deep learning
techniques to classify photos on Flickr in an attempt to develop a photo classification
system for tourist destinations [41]. Kim et al. used the Inception-v3 model to classify
tourist photos of Seoul and used it as the basis for their study [42]. It proves that Deep
Learning is accurate when mining the photo content. Although data generated by the
widespread use of the Internet and social media reflect people’s real preferences, there
are still few articles that combine social media with computer vision algorithms in an
attempt to understand individual preferences [43]. However, there have been successful
uses of computer vision to characterize human–animal interactions [44], so we think the
interaction between forest landscapes and humans can also be studied and analyzed by
computer vision and the use of deep learning methods for the tourism segment is mostly
on the large tourism categories, and there is less segmentation of the internal elements
with the large categories. This literature has given us more inspiration to explore different
class preferences in forest landscapes using the MLP-Mixer model that has simplicity for a
large number of classifications. This will help forest managers to plan, design and manage
the development of forest tourism, forest beauty and forest landscape quality in a more
focused manner.

Existing studies have mostly explored preferences by using all landscape elements
or images of the destination as research themes, and by default, the photos taken by
people are their preferences. Thus, we use deep learning and Deepsentibank to analyze
the image content with the core problem of “how to explore people’s preference of forest
landscape through photos posted on UGC platforms”. That is to say, the exploration
preference also supplements the sentiment analysis of pictures, aiming to make up for the
lack of special research on forest landscape preference and try new angles and methods
to discover valuable information from the photos published by people for forest tourism
research. The specific objectives are: (1) Through data mining of outdoor website—2BULU
(https://www.2bulu.com/ accessed on 1 December 2021)—a dataset of 15,052 photos of
forest plants from six places in China, including Kanas, Gongga, Four Girls Mountains,
Shennongjia, Changbai Mountain and Moganshan, was established, and through computer
depth science, the photo visual content of the data was divided into eight scenes and three
categories to determine the Chinese forest recreationists preference for forest landscapes on
this basis. (2) Explore the emotional attitudes carried by photos using the Deepsentibank
program to complement preference studies with a more objective perspective.
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2. Case Sites and Datasets
2.1. Case Sites

The formation of forests is closely related to the long-term effects of the surrounding
natural conditions. China is a vast country with five major climatic zones: cold temperate,
temperate, warm temperate, subtropical and tropical, from north to south; precipitation
generally decreases from south to north and decreases from east to west, and there are
various topographies, such as high mountains, plateaus and hills, and basins. These
all make the distribution of forests in different regions of China different, with obvious
zonality, and also mean it has more types of forests. With the development of modern
times, China has gradually increased both the importance and protection of forest cover.
According to the State Forestry and Grassland Administration of China, China’s forest
cover has reached 23.04%, with a forest accumulation of over 17.5 billion cubic meters [45].
China is also gradually promoting forest tourism and actively fostering forest tourism
products—building national forest parks, national forest trails, etc., calling for people to go
to the forest to get in touch with nature. In addition, forest tourism festivals have made the
social influence of forest tourism in China grow rapidly.

The vast majority of China’s forest resources are concentrated in the northeast and
southeast, while the vast northwest is poor in forest resources. In addition, 80% of China’s
population is located in the southeastern region, and tourism flows are heavily concentrated
in the southeastern half of the country [46]. We selected the specific case sites considering
that they have a certain number of forest recreationists and that these recreationists have
uploaded a certain number of forest landscape photos for analysis in the “2BULU” app.
Therefore, the majority of the case sites were in southeastern China. The difference in the
level of economic development between the north and south, east and west of China limits
the construction of forest recreation facilities and the accessibility of the forest for different
vegetation types. Through pre-experiments and surveys, we set the case sites as Kanas,
Gongga, Four Girls Mountains, Shennongjia, Changbai Mountain and Moganshan, in order
to better ensure that the case sites are representative. The six selected case sites are all
highly visible and influential in China, even world class, such as Shennongjia being selected
as a World Biosphere Reserve Network and Changbai Mountain being selected as a United
Nations “Man and Biosphere” nature reserve and an international A-class nature reserve.
Based on this, we believe that the photographs of the six case sites are representative of the
forest landscape preferences of Chinese forest tourists. See Figure 1 for location diagram.

2.2. Datasets

The data comes from the UGC platform “2BULU”—an app for outdoor resource
sharing and community interaction—which is widely used in daily trips, travel trips,
wilderness camping, etc. It has a large user base and a large amount of data, and is
also a more mature platform in China for obtaining photos taken by travelers and their
metadata [47]. It should be noted that the users of “2BULU” are not only outdoor travelers,
but also ordinary tourists and even local residents, school students, etc. The range of
users is relatively wide, so we believe that its data source tends to encompass all kinds of
travelers, rather than just outdoor travelers.

We used Python tools to write script code to acquire the photo data using the keywords
of the case site. Due to the large amount of data and the fact that we only needed forest
photos, we used the Tencent API (Application Programming Interface) filtering port to help
with the first round of filtering and selecting photos with plants in the data acquisition
phase. This enables us to improve the accuracy and efficiency of data screening and reduce
the difficulty and effort of processing raw data from “2BULU”. After the first round of
selection, we obtained a total of 35,675 photos with plants inside. We use a narrow sense of
forest landscape—natural scenery with forest vegetation as the main part within the view
of people at a certain point in time and space [48]—and referred to the data processing
method of White et al. for analyzing forest landscapes [49]. Therefore, we conducted a
second and third round of manual screening to remove photos containing a large number
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of people, animals, lakes and other elements, which reduces distractions and shows the
true attractiveness and preference of the natural environment [49]. Finally, 15,052 photos
were obtained in the final dataset.
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3. Methods
3.1. Research Flow

Firstly, we crawled the photos on 2BULU and formed a dataset by using “Tencent API
screening port + manual” to filter them. Secondly, the MLP-Mixer model was trained by
randomly selecting photos in the dataset to form a training set and finally a classification
model was formed. At the same time, sentiment analysis was performed on the dataset
to obtain adjectives and determine the sentiment status. The results of the analyses com-
plement each other to provide a more comprehensive assessment of the Chinese forest
recreationists’ preferences for forest landscapes (See Figure 2).
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3.2. Forest Landscape Photo Classification

The proportion of forest landscape in the photos taken by people will have a relatively
large impact on people’s preferences, and the analysis of the content of the photos can
also restore, in a better and more detailed manner, what people appreciate, and can also
more accurately describe the landscape [50,51]. In order to classify the forest landscape
photographs taken by tourists, we developed the forest landscape photograph classification
for this study based on the characteristics of the dataset and with reference to the forest
landscape classification proposed by Chen et al. in 2001 based on forest beauty. Chen et al.’s
classification combines both distance and aesthetic object scales to classify forest (plant)
landscapes into seven levels—Single-tree Composed Landscapes, Intra-forest Landscape,
Forest Trail Landscape, Detailed Landscape, Near, Medium and Far Landscape [52]. How-
ever, during the pre-experiment, we found that it was difficult for machine learning to
recognize and judge the near, medium and far views based on the distance between the
observer and the aesthetic object, so we then replaced it with look down, look forward and
look up, classified according to the vertical foot of the observer and the aesthetic object;
the overall view was added to the scale level of the aesthetic object. Therefore, we finally
determined 8 forest landscape scenes including: Look Down Landscape, Look Forward
Landscape, Look Up Landscape, Single-tree Composed Landscape, Detailed Landscape,
Overall Landscape, Forest Trail Landscape and Intra-forest Landscape—8 forest landscape
scenes; 3 forest landscape categories, including Spatial Hierarchy, Forest Hierarchy, and
Scale Level (See Figure 3). Spatial hierarchy contains Look Down Landscape, Look For-
ward Landscape and Look Up Landscape. Scale Level includes Single-tree composed
Landscape, Detailed Landscape and Overall Landscape. Forest Trail Landscape is a land-
scape composed of roads and forest stands along the roads; Intra-forest Landscapes are
landscapes composed of forest plants in groups rather than single, multiple components
rather than single parts, within the forest without the Forest Trail. There are differences
between the two. Forest Trail Landscapes and Intra-forest Landscapes are included in the
forest hierarchy because they are both non-confined but extensive photographs of forest
recreation in the forest interior, and contain more components that distinguish their types
from other types.
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3.3. MLP-Mixer Model

We decided to try the MLP-Mixer model proposed by Google in 2021 for image
classification task scene recognition in order to perform a more objective analysis of forest
landscape preferences. This is an architecture based only on multilayer perceptron (MLP),
which is optimized and has a simpler structure than models such as the convolutional
neural network (CNN). The model proposes a mixer structure that first splits the input
images into patches, converts each patch into a feature embedding as per-patch fully
connected, sends it to N mixer layers, and finally classifies it as fully connected. It uses
spatial-mixing MLPs and channel-mixing MLPs to transfer information between different
channels and spatial locations (tokens), respectively [35,53]. These two types of layers are
alternately stacked to facilitate the exchange of two input dimensions. Each MLP consists
of two fully connected and one GELU. Thus, for Top-1 accuracy on the ImageNet validation
set, Mixer achieves a slightly better performance than ResNet and basically the same
performance as ViT transformer, and the training speed (img/sec/core) Mixer will be faster
than the other two, demonstrating the potential of a simple structure, such as MLP [54].
Thus, on large-scale datasets, MLP-Mixer achieves a very promising performance that can
effectively help us in forest landscape classification. The specific operation example is
shown in the Figures 4 and 5.
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We use the MLP-Mixer model to form a classifier to classify the obtained forest land-
scape data, which is a new attempt. There are no ready-to-use models and training sets, so
the data set is divided into 2 parts—50% of the data are divided 8:2 into a training set and a
test set; 50% of the data will be classified by the model to determine the forest recreation-
ists’ forest landscape preferences. Since there may be two categories of images, machine
recognition cannot classify an image twice at the same time. We divided the classification
categories into two groups: Single-tree composed Landscape, Detailed Landscape, Overall
Landscape, Forest Trail Landscape, and Intra-forest Landscapes as the first group, with
69% accuracy after repeated training; look down, look forward, and look up are the second
group with 70% accuracy. This indicates that the model can classify forest landscape images
more stably, and initially reaches our desired expectation.

3.4. Deepsentibank

In the era of rapid development of information, people’s impressions of their sur-
roundings will appear more and more on the Internet, and some studies believe that this
is a mental conceptualization of people’s relationship with their surroundings [55]. We
study what people capture and their emotions during their forest landscape experiences,
which can provide a basis and indicators for forest planning and management [28,56]. In
this study, to explore tourists’ perception of forest landscape images, Deepsentibank, a
visual emotion concept classification tool developed by Chen et al. at Columbia University
based on deep learning of images (CNN), is utilized. Its development principle is to obtain
text tags from web photos, establish the relationship between “adjectives + nouns” used
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as a basis to identify the content of the images to form emotional keywords, and to trans-
form the image information into textual information [57]. His method uses over 1 million
geotagged photos to train the classifier, composing a total of 2089 APNs (Adjective Noun
Paris)—231 adjectives as well as 424 nouns—and thus has a high accuracy. This conceptual-
level sentiment analysis can extract the implicit sentiment from the ontology and give us a
basis for analyzing the emotional attitude of forest landscape images. The content analysis
process is shown in Figure 6 (only the first 7 items are listed in the figure). In this case, the
program can parse a forest landscape photo into a set of JSON files possessing ANP sorting,
with the top sorted words having high weight and greater relevance to the image.
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The results of the study show that Deepsentibank performs well or more significantly
in retrieval and annotation compared to support vector analysis models. With its greater
use in tourism destination images, these studies also prove that Deepsentibank performs
well in sentiment analysis. Since our study is mainly for understanding the emotional state
of images, we are interested in adjectives only.

4. Results
4.1. MLP-Mixer Model Classification Results

From the pictures of the classification results of the MLP-Mixer model, it can be seen
that there is a significant difference in people’s preference for different categories of forest
landscapes in both the first and second groups. From the aesthetic spatial level, people
will prefer to look at a flatter forest landscape, accounting for 78.32% of the first group
classification, followed by looking down at the forest landscape, accounting for 13.8% of
the group, and finally, looking up at the forest landscape, accounting for 7.81% of the group.
From the forest level, people will take more photos on the forest road and occupy a higher
percentage of the second group, with 64.99%; the in-forest landscape will also be noticed by
people, with 21.55%. From the scale level, people’s attention is lower, Single-tree composed
landscape and overall landscape have similar attention, but open overall landscape will be
more popular, with 5.65%; single-tree composed landscape in the forest is also relatively
easy to be found and recorded by people, with 5.05%; detailed landscape is lower, with
only 2.76%. The results are shown in Figure 7.

4.2. Deepsentibank Sentiment Analysis
4.2.1. Emotional High-Frequency Word Analysis

We extracted the first 10 items of the adjective part of the ANP of each forest landscape
picture taken by travelers in the six case sites as the salient picture sentiment [39,58,59].
Sentiment lexicon, such as Hownet, was used to compare and analyze with the photo
adjectives parsed by Deepsentibank. In general, the emotions embedded in the photographs
taken by the Chinese forest recreationists are dominated by positive words and are much
higher than negative words. From the results in Table 1, it can be seen that “Classic”,
“Cute”, “Sweet”, “Colorful” were the most frequent emotion words. Due to the large
volume of word data, words with a frequency of more than 1000 uses were extracted. We
found in Table 2, the percentages of the extracted high-frequency words holding positive,
neutral and negative sentiments toward the forest landscape were 74.06%, 11.54% and
14.41%, respectively.
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Table 1. High-frequency adjective of related images (more than one thousand).

Adj Frequency Adj Frequency

classic 9337 broken 2326
cute 8312 delicious 2196

sweet 7441 warm 2186
colorful 7102 hot 2122

sexy 6482 gorgeous 2033
funny 6022 young 1698

amazing 5138 christian 1481
empty 4524 pretty 1407
super 4328 happy 1395
tiny 3837 evil 1342

awesome 3459 upset 1305
yummy 3128 shiny 1215

fresh 2867 energetic 1209
ugly 2657 icy 1173

strong 2500 tired 1142
dirty 2486 clean 1098

adorable 2484 nasty 1027
traditional 2424 favorite 1022

Table 2. Emotional Tendency Gravity Scale.

Emotional Tendency Frequency Proportion

Positive 82,872 74.06%
Neutral 12,911 11.54%

Negative 16,122 14.41%

4.2.2. Emotional Dimension Analysis

We classified the high-frequency words (word frequency over one thousand) extracted
by Deepsentibank’s analysis with the sentiment dimension, based on the Circumplex Model
of Affect by Russell in 1980 [60]. The proportions of adjectives in each dimension were
obtained and the results are shown in Table 3. “Pleased” has the highest proportion, 45.81%,
representing the main emotional tendency of the forest recreationists towards the forest
landscape; “Excited” has the second highest response in the Chinese forest recreationists
emotional preference (14.45%). The emotional preferences of “Happy”, “Delighted” and
“Relaxed” are also relatively high (10.11%, 6.65% and 5.02%, respectively). It is worth noting
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that although people’s emotional tendency toward the forest landscape is dominated by
positive emotions, there are still negative emotions and feelings toward the forest landscape.
The recreationists showed other emotions, such as “Sad” and “Miserable” from the photos
(5.47 and 2.37% respectively), while a small number of photos showed the emotions of
“Bored” and “Annoyed”.

Table 3. Emotional dimension scale.

Type Frequency Proportion

Pleased 51,262 45.81%
Excited 16,167 14.45%
Happy 11,310 10.11%

Delightful 7441 6.65%
Sad 6117 5.47%

Relaxed 5622 5.02%
Depressing 3837 3.43%
Miserable 2657 2.37%
Satisfied 2500 2.23%

Calm 1481 1.32%
Afraid 1342 1.20%
Bored 1142 1.02%

Annoying 1027 0.92%

5. Discussion and Conclusions
5.1. Discussion
5.1.1. Preference Characteristics of Different Forest Landscape Categories

The classification results of the MLP-Mixer model show that there are significant
differences in different forest landscape scenes as well as categories (See Figure 7), while
people have different preferences for different forest landscapes [61].

From the results, it is easy to find that people prefer forest trails, which is consistent
with the findings of several studies. Forest trails are important landscape corridors of the
forest and have the role of organizing the landscape space, so good trails allow people to
enjoy the forest landscape more, and whether or not they have access to plants and other
elements in the process will also affect people’s preferences [62]. Further, most forest recre-
ationists still enter the forest primarily for walking activities and nature experiences [63].
Forest trail photography is higher than related types of landscapes, because people are
more involved in forest activities by walking, and the “2BULU” site we chose is also a
photo documentation in this tone, demonstrating the results of You et al., that forest recre-
ationists will prefer forest landscapes along forest trails [64].We corroborate the findings
obtained by Gao et al. in 2021, who found that forest tourism participants were prone to
interact with the forest on forest trails, for example, by taking photographs [65]. It also
corroborates that forest trail coverage has a direct impact on visual quality, with an increase
in the proportion of forested landscapes perceived as safe, and a preference for forests with
multiple trails or distinct hiking trails [66–69]. Therefore, it is crucial to provide satisfactory
forest managers and planners, a well-planned forest trail can increase the attractiveness of
the forest landscape from an aesthetic point of view [16,70–73]. In-forest landscapes are
less preferred than forest trail landscapes, but in-forest landscapes still have a particularly
important position in forest landscape evaluation and management, and can affect the
perceived natural beauty and the beauty of the forest stand [52].

In terms of aesthetic spatial entrainment, in the same space, people’s preference for
landscape will show spatial segmentation differences [74,75]. The results show that people
prefer look forward landscapes (see Figure 7), i.e., forest landscapes that can be seen without
looking up or down with only horizontal rotation, and look down to see ground cover,
fine details or individual fractional landscapes, and look up to view forest landscapes less
often. The lower preference for overlooked landscapes can laterally support that ground
cover plants have an effect on people’s preferences and are not attractive or less attractive
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in forest landscape preferences [76]. This also demonstrates that visual preferences actually
vary and have a significant impact on forest recreationists’ preferences in terms of distance
area space [77,78]. The overall landscape and the detailed landscape, in line with Gill and
Ryan’s view that people prefer a relatively open forest landscape, with good visual access
to generate points of interest [79,80]. In terms of individual views, people are actually
attracted to unique trees or old trees in the forest and stop to take pictures. Helman 2021, for
example, demonstrates that Family Forest Owners in Michigan’s Upper Peninsula prefer
single trees; You confirms that people are interested in old-growth trees [64,81]. From the
fine view, it does not match with Nielsen’s results [82], as flowers, roots, mosses, etc., did
not gain more preference from people, but on the contrary, were the lowest among all types
of landscapes. This also shows that people do not objectively prefer flowers, fruits, etc., as
much as they subjectively do, and that the perceived facts can differ from the actual true
preferences [83], or perhaps the overall level of basic botanical knowledge of the Chinese
forest recreationists has something to do with it, which deserves to be studied in depth.
The preference for detailed landscapes, overall landscapes and individual landscapes is
also low, which we believe may be due to the fact that people pay more attention to the
plants in their field of vision during forest tourism, and only when a plant is very special or
magnificent in its overall view does it attract attention and generate preference.

5.1.2. Emotional Characteristics Contained in Forest Landscape Photographs

The forest landscape space perceived by humans is a cognitive process from unknown
curiosity to the whole, and there will be an interaction of visual behavior and psycho-
logical perception [84]. We answered the question “Are people really positive in a forest
landscape setting?”.

The results show (see Table 2) that recreationists feel different emotions during forest
visits and that reactions to the surrounding environment usually involve positive and nega-
tive emotions or two bipolar orthogonal dimensions [60,85,86]; however, the participation
in forest recreation is still dominated by a positive and pleasant emotional state. Therefore,
the heightened perception of the forest is a manifestation of vegetation, which will have a
strong psychological impact on what people see, and confirms that visual stimulation is
useful as a communication channel in the landscape; “Classic”, “Cute”, “Sweet”, “Colorful”
and other emotional words reflect people’s positive emotions in the forest (see Table 1),
which are directly related to people’s innate behavior of pursuing happiness [87–89]. Some
studies have shown that people feel comfortable and peaceful in forests and that the main
emotions generated are positive [65]. It is also similar to Nielsen’s suggestion that people
develop emotional and cognitive structures in response to forest landscapes and experience,
including “Cosy/uncosy”, “Safety”, “Serenity”, “Care”, “Mystery” and “Coherence” [82].
People experience emotions, such as “Pleased”, “Excited” and “Happy” (see Table 3),
because they gain pleasure through the dynamic function of the landscape and a deeper
understanding of the ecological state, evoking a mental response through direct sensory
processes and interventions in cognitive structures [90].

The presence of the forest has always proved to be a positive criterion, but this is
actually the result of expectations in people’s minds. Current spatial analysis based on pho-
tographs, objective methods, such as eye-tracking technology, or subjective analysis, such
as questionnaires, all consider the forest landscape to be merely attractive, without tapping
into the negative emotions that actually exist behind it [8,19,51,74,91–93]. However, it is
noteworthy that we found that people, in fact, also have negative emotions towards forest
landscapes, such as “Sad”, “Miserable”, “Bored” and so on (see Table 3), and the negative
sentiment even exceeds the neutral sentiment. This corroborates Foltête’s suggestion that
forest landscapes cannot always be interpreted in a positive way in terms of preferences,
which in his view, can be influenced by forest characteristics and cover to produce negative
or positive perceptions [74]. In fact, the study by Deng et al. also demonstrated that British
tourists suffer from sleepiness when traveling to Beijing [39]. In the course of our analysis,
we also found that photographs of forest landscapes with a high degree of grey clutter
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are more likely to produce negative or more negative emotional states, so the state of the
surrounding forest when people travel to the forest can strongly influence the participants’
preference for the landscape [77].

We can think of preferences as encompassing emotional factors, with a strong corre-
lation between the two [49,94]; therefore, emotion can also be considered as a predictor
of preference, with preference scores being higher when the environment evokes positive
and relaxing emotions, and lower when it does not [86,95]. When positive emotions are
amplified, people’s visual attention is increased and enhanced, and it is the visual appeal
combined with the emotional response evoked by the content that influences people to
develop preferences [90,96,97]. From the side, we can also see that there is a positive
preference and a negative preference for people to take photos.

5.1.3. Shortcomings and Outlook

Social media data still have certain shortcomings in the process of landscape preference
research, and the sample selection of forest recreationists photos for forest landscape
preference research will have a certain bias [98]; it is also difficult to link to the context of the
participants, so we have no way to explore in depth the reasons for the preferences [99,100].
There are many studies that use deep learning for the classification of travel photos, mainly
focusing on the classification of large travel segments, such as architecture, plants, food,
people, etc. [99,101]; however, our initial attempt to visually discriminate forest landscape
type preferences using the computational set has some room for improvement in the
accuracy and feasibility of using the dataset [43]. Further, landscape perception is not
only visual, it is composed of multiple senses, including hearing and smell, and even
the objective physical environment will affect the visual behavior of participants, such
as temperature, negative air ion concentration, etc. [102,103]. Thus, the analysis of forest
landscape preferences from a photographic perspective is still somewhat inadequate, and a
combination of questionnaires and interviews can be conducted afterwards to explore the
reasons for preference behavior and whether the perceptions brought about by different
sensory combinations have an impact.

5.2. Conclusions

In this study, we analyzed Chinese forest recreationists’ preferences for forest land-
scape classification as well as sentiment, focusing on UGC photos from the “2BULU”
website. We novelly used the MLP-Mixer model and Deepsentibank deep learning tool to
conduct an objective study. From the categories, we found that people prefer forest trail
landscape and in-forest landscape over detailed landscape (e.g., flowers, fruits, etc.), and in
terms of aesthetic spatial entrainment, a flat view is more favored and welcomed by people,
followed by overhead view, which will focus on ground cover plants or flowers, while
elevated view will be ignored by more people; from the perspective of people’s emotions
in participating in forest tourism, there are positive and negative emotional states, and not
all emotions are positive for forest landscapes, so we need to look at people’s preferences
dialectically. This study is intended to provide a basis for forest planning and design,
and to help managers balance resources and needs. China has planned 12 national forest
trails since 2017, passing through 20 provinces along the route and covering more than
22,000 km, and is gradually implementing the specific route selection and construction.
Our research results are of reference value for the planning and design of nearly 3000 forest
parks nationwide and can provide a basis and help for trail construction; for example:
constructing high-quality trails to allow recreationists to get in touch with nature on foot;
constructing traceless trails that can pass through diverse forest landscape resource areas
or maintain the original appearance along the route; planning more landscapes within the
forest to highlight features; adopting more tree species to enrich the colors of the forest in
different seasons to enhance people’s positive emotions, etc.
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Abstract: The exposure to monoterpenes emitted by plants to the air might provide human health
benefits during forest-based leisure activities. However, forests, especially Mediterranean ones,
lack studies to relate forest production and the emission of monoterpenes, considering potential
human forest exposure. Thus, the aim of this study was to analyze the variation in the abundance
of monoterpenes in the human breathable air under the canopy of a Mediterranean conifer forest,
evaluating the influence of different factors. For this purpose, from March to November 2018,
we monitored the abundance of monoterpenes in the air at nose height, leaf development, air
temperature and soil water potential in a mountain Mediterranean forest of Pinus pinaster located
in Sierra de Albarracín (Teruel, Spain). We detected six monoterpenes, with α-pinene, β-pinene
and limonene being the three most abundant. Temperature was the main environmental factor
driving the abundance of monoterpenes in air, with a maxima of abundance found during summer.
Leaf development in spring decreased the abundance, while after a drought period, the abundance
increased. Thus, people enjoying forest-based activities in Mediterranean conifer areas would be
more exposed to air monoterpenes when the temperature increases during the period after leaf
development, as long as the trees are not severely water-stressed. If that is the case, the abundance of
monoterpenes in the air would increase after the drought period.

Keywords: human health; forest air; monoterpenes; path analysis; Pinus pinaster

1. Introduction

Tourists are becoming more and more sensitive to the environment and nature, turning
towards rural areas and away from noise and chaos of city life, mainly due to a higher
education level and an increased consciousness of a healthier lifestyle [1–3]. Over the
last decades, this fact has promoted the development of a great diversity of ecotourism
products and leisure activities related to nature and forests, such as ecological farms [3],
green hotels [4], and mycotourism [5,6]. The implementation of most of these nature-based
activities is mainly influenced by weather variables [7] such as temperature and precipi-
tation, which are the two most common variables used in tourism-based weather impact
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studies [8–15]. Weather conditions have already been interpreted through relationships
with personal characteristics [14] and used to predict thermal sensation [15–17]. Further-
more, the interaction between human and atmosphere has also been used to understand
and predict nature-based tourist behavior [18,19] and to develop adaptation strategies [20].

Apart from the weather conditions, there are other environmental factors that could
influence forest recreation plans [7], especially those that incorporate forest activities that
aim to obtain diverse human health benefits, as in the case of so-called “shinrin-yoku”
or forest bathing [21], which is becoming an important forest health practice around the
world due to its capacity to provide relaxation and reduce stress [22,23]. Among these other
environmental factors, the exposure to atmospheric volatile organic compounds (VOCs),
specifically to the monoterpenes group, is one of the aspects most currently being evaluated,
as apparently, they can provide human wellness [10,24,25]. Monoterpenes produced by
plants, primarily conifers, as a defensive mechanism to pathogens [26–28], are supposed
to exert anti-inflammatory, antioxidant, anti-cancer or neuroprotection effects on humans
(see references within [24,25]). Thus, exposure to these compounds during forest-based
activities may provide additional therapeutic benefits. However, evidence relating forest
exposure to monoterpenes and human health benefits remains uncertain, due to the lack
of forest type descriptions and the high heterogeneity of approaches and analyses within
the studies performed [29]. In this sense, knowing the air abundance of monoterpenes in
a particular forest would be a first step to establish further relationships between forest
monoterpenes and human health.

The abundance of monoterpenes in forest air may change during the year, as they
depend not only on their synthesis by plants, but also on their emission [30]. At the same
time, both processes (synthesis and emission) may be subjected to several environmental
stimuli [31]. On the one hand, the synthesis of monoterpenes may depend primarily on
plant genetics, incident sunlight and air temperature, being influenced by other factors
such as plant phenology, soil water availability, wind or physical disturbance that may
generate deviations from the general patterns [30]. On the other hand, the emission of
monoterpenes may also depend primarily on temperature, being influenced by relative
humidity or water availability [30].

The combination and interaction of the different environmental stimuli would result
in a particular abundance of monoterpenes for a specific forest type. While temperate and
tropical forests from Asia appear to be well studied, Mediterranean forests from southern
Europe seem to be scarcely analyzed [29]. As Mediterranean-type forests are characterized
by particular climatic conditions such as a summer drought period [32], the variation in the
atmospheric abundance of monoterpenes may have a distinct performance in these types
of forests compared to others. Therefore, the aim of this study was to analyze the variation
in the abundance of monoterpenes in the human breathable air under the canopy of a
forest dominated by the Mediterranean conifer Pinus pinaster Ait. located in the east of the
Iberian Peninsula, evaluating the influence of phenology and environmental factors. This
would help to predict, from a few environmental factors, the composition and abundance
of monoterpenes at nose height under Mediterranean forest canopies, important in human
health-based forest activities.

2. Materials and Methods
2.1. Experimental Site

The study site is composed of a healthy woodland dominated by Pinus pinaster located
within a protected landscape area of ca. 6800 ha in the east of Spain (40◦19′59.00′′ N,
1◦21′09.49′′ W, 1206 m a.s.l., Pinares de Ródeno, Sierra de Albarracín, Teruel, Spain;
Figure 1). This protected pine tree landscape is one of the most distinctive natural en-
vironments in Spain due to a particular combination of geology, geomorphology, flora and
fauna that makes it an attractive area for visitors (http://wildsideholidays.co.uk/pinares-
de-rodeno/, accessed on 7 June 2022).
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Figure 1. (a) Location of the experimental site in Teruel, Spain (red star). Green areas are the natural
distribution of the Mediterranean conifer Pinus pinaster. (b) Aerial photo of the experimental site.
The yellow dashed line indicates the sampling path, while the red triangle indicates the tourist
information center. (c,d) provide detail of the sampling path and the landscape, respectively.

The study site comprises naturally-regenerated pine forests with different age classes
(from ca. 20 to ca. 60 years), with some interspersed individuals of Quercus pyrenaica
Willd. and Cistus laurifolius L. The mean (± se) height and diameter at 1.30 m of pines
were 10.5 ± 0.8 m and 30 ± 3 cm, respectively. The trees did not show any symptoms of
either abiotic or biotic stress prior to or during the experiment. The area is characterized
by a mountain Mediterranean climate with a mean annual temperature of 8.0 ◦C and
annual precipitation of 567 mm (data obtained from the WorldClim database: http://
www.worldclim.org/, accessed on 1 March 2022). The forest is mainly utilized for leisure
activities, with a tourist information center, marked walking tracks and wild forest gyms.
The environmental quality also adds value to the vast cultural heritage preserved for
centuries by human hands. The best example is the Cave Paintings, a World Heritage Site
by UNESCO, hidden in many rock shelters.

For the measurements of this study, we selected a flat path 1200 m in length, part
of a forest walking track close to the information center (Figure 1). The measurements
were performed from March to November 2018, a period that included a whole vegetative
season and variability in the environmental conditions.

2.2. Environmental Factors and Phenology

Air temperature (T, ◦C) and relative humidity (RH, %) were recorded throughout
the year using a Hobo Pro RH/Temp data logger (Onset Computer Bourne, MA, USA)
installed under the canopy 3 m above the ground. To measure soil water availability, soil
water potential (SWP, MPa) was recorded using two soil water potential sensors, connected
to a data logger (Teros 21/Em50, METER Group, Inc., Pullman, WA, USA), and installed
40 cm below ground, representative of the root system. Both sensors for the air temperature
and soil water potential were located halfway along the sampling path. Additionally,
precipitation data was obtained from the closest meteorological station (40◦31′00.55′′ N,
1◦16′06.32′′ W, 1000 m a.s.l.).

Bud bursting and needle development were periodically observed every month during
2018. Based on the phenology observed, we defined the variable “leaf stage” to refer to
the development of leaves. For the input of “leaf stage” in the statistical analysis, we
assigned a value between 0 and 11 to each month, so that 0 was assigned to the first month
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observing leaf development, 1 to the next month, and so on consecutively up to 11, which
was assigned to the month prior to the observation of leaf development.

2.3. Monoterpenes Sampling

Air was sampled at nose height (ca. 1.50 m above ground) periodically from March
to November 2018, around once per month, for a total of 9 days. For each sampling
day, two samples of air per hour were collected throughout the pathway (Figure 1) at
three different hours: 11:00 a.m., 12:00 a.m. and 13:00 p.m. h (local time), for 50 min
for each sample (i.e., two samples per time x three times). For air sampling, we used
adsorbent tubes (Tenax TA, Gerstel GmbH & Co. KG, Mülheim an der Ruhr, Germany)
attached with 1 m plastic tubing (Tygon S3 E-3603, Tubes International Sp., Poznań, Poland)
to air sampling pumps (flow rate 0.1 L/min, SKC AirChek TOUCH Model 220-5000TC,
SKC Inc., Eighty Four, PA, USA). After each air sampling, the adsorbent tubes were
hermetically enclosed and kept inside a portable fridge. At the end of the sampling day, a
total of six samples (two samples per time × three times) were obtained and carried to the
laboratory. The sampling days were selected to avoid weekends (i.e., peak visitor days),
rain, or wind force higher than 5 km h−1. The air temperature was also recorded during
each sampling time using another Hobo Pro RH/Temp data logger.

Once in the lab, the adsorbent tubes were thermally desorbed and volatile compounds
were detected using a gas chromatography tandem mass spectrometer (model 5973N,
Agilent Technologies, Santa Clara, CA, USA) [33]. The resulting chromatograms were
analyzed to calculate the abundance of each monoterpene (given in area units) as the
integrated area below each peak curve [34]. Moreover, we calculated the abundance of
total monoterpenes as the sum of the individual areas of the monoterpenes detected.

2.4. Statistical Analysis

For each air-sampling day, we considered the environmental conditions during the
previous 15 days (ca. half of the air-sampling period), as well as during the sampling
time, as likely to affect, respectively, the synthesis and emission of monoterpenes. In
particular, we selected the following environmental variables influencing the synthesis
of monoterpenes: the mean maximum daily temperature of the previous 15 days to the
air-sampling day (T15), and the minimum soil water potential of the previous 15 days
to the air-sampling day (SWP15). As variables influencing monoterpene emissions, we
selected the mean temperature of the current air-sampling time (Tc), and the mean soil
water potential of the current air-sampling time (SWPc). For Tc, we calculated three mean
values according to the three sampled periods during the day: from 11:00 a.m. to 11:50 a.m.,
12:00 a.m. to 12:50 a.m. and from 13:00 p.m. to 13:50 p.m., respectively. For SWPc, we
considered a single value, as it remained constant between 11:00 a.m. and 13:50 p.m.

To characterize the connections among the phenology and environmental variables,
and determine their relative importance in influencing the monoterpenes in the air, we
conducted a path analysis [35]. This analysis uses a path structure that consists of variables
of interest with potential connectivity among the variables, where the connections are based
on previously well-established knowledge. Based on the variables and the connections, a set
of multiple linear regression models is constructed, and the partial regression coefficients are
defined as path values that indicate the causative power of each connection [36]. Structural
equation models for the path analysis were fitted using the function ‘sem’ from package
Lavaan 0.6–10 [37]. The model included “leaf stage”, T15 and SWP15 as exogenous variables
and Tc (as a function of T15), SWPc (as a function of SWP15) and air total monoterpenes (as
a function of T15 SWP15, Tc and SWPc) as endogenous variables.

3. Results

The evolution of environmental factors in the study area during 2018 showed a general
increase in temperature and a decrease in relative humidity from March to the end of July.
From then, the temperature started to decrease and the relative humidity increased until

150



Forests 2022, 13, 965

November (Figure 2). The soil water potential remained close to zero for most of the
studied period, indicating that there was soil water availability most of the time. However,
during mid-October, we recorded a 12-day period with values of soil water potential
below −0.5 MPa, indicating soil water scarcity (Figure 2). These general trends influenced
the environmental variables selected in this study for each air-sampling day (Table 1).
The mean maximum daily temperature of the previous 15 days (T15) and mean temperature
of the current air-sampling time (Tc) increased from March to July and decreased towards
November (Table 1). The minimum soil water potential of the previous 15 days to the
air-sampling day (SWP15) showed values between 0 and−0.3 MPa for most of the sampling
days; for DOY = 296, SWP15 reached a value of −1.495 MPa. The mean soil water potential
of the current air-sampling time (SWPc) showed values close to zero for all sampling days
(Table 1).
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are the mean values recorded between 11:00 a.m. and 14:00 p.m. (local time). P was obtained from
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Table 1. Values of environmental variables for each air-sampling day. DOY, day of year; T15 and
SWP15 are the mean maximum daily temperature and minimum soil water potential of the previous
15 days to the air-sampling day, respectively; Tc and SWPc are the mean temperature and soil water
potential of the current air-sampling time, respectively.

DOY Month
T15 (◦C)

Mean ± se (min; max)
SWP15 (Mpa)

Tc (◦C) Mean ± se 1

SWPc (Mpa) 2

11:00 a.m. h 12:00 a.m. h 13:00 p.m. h

79 March 9.8 ± 0.7 (5.3; 14.4) −0.013 1.8 ± 0.3 0.6 ± 0.1 1.1 ± 0.1 −0.013
107 April 12.2 ± 1.2 (2.8; 19.3) −0.013 18 ± 0.7 18.8 ± 0.4 19.6 ± 0.3 −0.013
142 May 18.8 ± 0.7 (13.8; 23.7) −0.031 20.3 ± 0.5 18.5 ± 0.2 14.9 ± 0.2 −0.012
170 June 20.4 ± 1.0 (13.2; 27.0) −0.012 26.2 ± 0.5 27.3 ± 0.3 27 ± 0.3 −0.012
205 July 28.7 ± 0.7 (20.1; 31.3) −0.063 27.8 ± 0.3 28.9 ± 0.3 31.2 ± 0.5 −0.012
247 September 28.6 ± 0.6 (24.9; 32.7) −0.034 23.2 ± 0.3 26.8 ± 0.2 28.9 ± 0.8 −0.015
275 October 24.6 ± 0.7 (19.4; 29.6) −0.288 18.3 ± 0.3 21.5 ± 0.8 22.9 ± 0.2 −0.198
296 October 16.6 ± 0.8 (11.3; 22.6) −1.495 12.1 ± 0.3 15.3 ± 0.6 15.3 ± 0.4 −0.011
331 November 9.9 ± 0.7 (6.7; 15.1) −0.011 10.1 ± 1.0 11 ± 0.6 11.5 ± 0.4 −0.011

1 Tc at 11:00 a.m., 12:00 a.m. and 13:00 p.m. are the mean values of the three sampled periods during a day: from
11:00 a.m. to 11:50 a.m., 12:00 a.m. to 12:50 a.m. and from 13:00 p.m. to 13:50 p.m., respectively. 2 For SWPc, we
considered a single value as it remained constant between 11:00 a.m. and 13:50 p.m.

Bud bursting and needle development occurred during the months of May and June
(Figure 2). The needles were fully mature by July. With this phenology, a value of “leaf
stage” equal to zero was assigned to May, a value of 1 to June, and so on consecutively, up
to 11, which was assigned to April (Figure 2).

Six monoterpenes were detected in the air at nose height below the canopy of the
Pinus pinaster forest: α-pinene, β-pinene, limonene, p-cymene, camphene and 1,8-cineole.
The evolution of their total abundance given as total monoterpenes, shows variations
throughout the year, with minimums of abundance in March and May and a first peak
of abundance in April; an increase in abundance from May to July, where the maximum
peak was found; a decrease towards October; and a third peak of abundance at the end
of October (Figure 3). The most abundant monoterpene detected was α-pinene, which
followed the same pattern of variation as the total monoterpenes (Figures 3 and 4). The next
two monoterpenes in abundance (although much lower than α-pinene) were β-pinene
and limonene. These two monoterpenes followed a similar general trend of variation
throughout the year, but with some peculiarities: β-pinene was not detected until June,
whereas limonene had its minimum at the beginning of October, not being detected at
the end of the study period (Figures 3 and 4). Concerning the other three monoterpenes
detected (p-cymene, camphene and 1,8-cineole), the abundance was relatively very low,
and variation did not clearly follow the same pattern as the others, being non-detected in
some air samples through the study period. The relative maximum abundance of p-cymene,
camphene and 1,8-cineole were detected in June, October and September, respectively
(Figure 3). It should also be noted that the air samples with the most diversity in terms
of the number of monoterpenes detected were those collected from June to the beginning
of October, while those samples with less diversity were April, the end of October and
November (Figure 3).

The model proposed for the path analysis (Akaike information criterion, AIC = 273)
showed a good fitting, with both “leaf stage” and environmental factors (temperature and
soil water potential) showing a significant effect on the abundance of total monoterpenes
in the air at nose height (Figure 5, Table 2). “Leaf stage” showed a positive relation with
total monoterpenes in the air, indicating that the older the current-year leaves, the higher
the abundance of monoterpenes, or, i.e., the development of new leaves implied a lower
abundance of monoterpenes in the air sampled. Concerning temperature, both the mean
maximum daily temperature of the previous 15 days (T15) and the mean temperature
of the current air-sampling time (Tc) had a similar positive effect on the abundance of
monoterpenes in air. That is, an increase in the temperature might favor both the synthesis
and emission of monoterpenes to the forest air (Figure 5, Table 2). Regarding soil water
availability, the minimum soil water potential of the previous 15 days (SWP15) exerted
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a negative effect on total monoterpenes in the air (Figure 5, Table 2), indicating that the
lower the soil water potential prior to the air sampling, the higher the abundance of
monoterpenes in air. By contrast, the mean soil water potential of the current air-sampling
time (SWPc) had a positive effect on total air monoterpenes, which indicates that abundance
of monoterpenes in air is favored by well-hydrated soils during the air sampling (Figure 5,
Table 2). With regard to the link between the different drivers, variations in Tc were, as
expected, largely driven by T15. By contrast, SWP15 was not related to either SWPc or T15.
Although both “leaf stage” and T15 had a positive effect on total air monoterpenes, the
association between these two variables was negative, indicating that their effects were
independent of each other.
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Figure 4. Relative percentage of abundance of each monoterpene measured in the air at nose height
in the study area during 2018. DOY, day of the year.

Finally, the relationship between Tc and the abundance of monoterpenes is shown in
Figure 6, confirming the result obtained from the path analysis: a higher Tc drives a higher
abundance of monoterpenes in the air. α-pinene, the most abundant monoterpene detected,
followed the same trend (Figure 6). It should be highlighted that both regression lines in
Figure 6 excluded those air samples most affected by leaf development (white triangles
below the regression lines) or soil water deficit (black squares above the regression lines).
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Table 2. Main statistics of the structural equation model tested in the path analysis (Figure 5).
R2, coefficient of determination for each estimate in the model; UC, unstandardized coefficients
and their SE, standard errors; SC, standardized coefficients; P, statistical significance. Meaning of
environmental variables are in caption of Figure 5.

R2 UC SE SC P

Monoterpenes~Tc + SWPc + Leaf
stage + SWP15 + T15

0.795 <0.001

Tc 0.727 0.221 0.509 0.001
SWPc 67.507 18.091 0.325 <0.001

Leaf stage 1.55 0.382 0.453 <0.001
SWP15 −7.194 2.303 −0.273 0.002

T15 0.904 0.295 0.521 0.002

Tc~T15 0.683 <0.001
T15 1.004 0.132 0.826 <0.001

SWPc~SWP15 0.002 0.812
SWP15 0.006 0.024 0.046 0.812
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4. Discussion

Six volatile monoterpenes with apparent benefits to human health [24,25] were de-
tected during 2018 in the air below the canopy of a Mediterranean conifer (Pinus pinaster)
forest, located in Sierra de Albarracín (Teruel, Spain). The three most abundant monoter-
penes found in our study (α-pinene, β-pinene and limonene) coincide with the general
abundance trends found in different conifer forests dominated by species from genus Pinus,
Abies or Picea [38]. We also detected three additional monoterpenes, with less abundance
in the study area (p-cymene, camphene and 1,8-cineole), but we did not detect two others
(∆3-carene and myrcene) often mentioned in the literature [31,39–41].

The maximum abundance peak of the monoterpenes in the air during the sampled
period was found during the summer, specifically at the end of July, followed by early
September, coinciding with the season with the highest resin flow rates found for P. pinaster
in the northeast of Spain [42]. This maximum peak also coincides with the results found
in previous work performed on another Mediterranean forest dominated by Quercus ilex
L. [43]. Furthermore, the monoterpene emission rates measured at branch or canopy level
have also proved to be higher during summer in the Mediterranean Pinus pinea [44,45].
This seasonality in the abundance of monoterpenes has been mainly associated with
changes in air temperature [43,46,47]. In our study, temperature also seems to be the main
driver likely to affect the synthesis and the emission of monoterpenes [30], with higher
temperature values resulting in a higher abundance of monoterpenes in the air at nose
height. However, we found two other factors—phenology and soil water deficit—that
influenced and generated deviations from the main driver.

Concerning phenology, we found that during the months when leaf development
occurred, the abundance of monoterpenes in the air was lower than expected, according to
the recorded temperature values. This was especially noticed in May, when we detected
an abundance of total monoterpenes in air four-fold lower than predicted for a mean
temperature of ca. 18 ◦C (Figure 6). According to previous work [48–50], there is a trade-off
between growth and defense, which assumes that plants possess a limited pool of resources
that can be invested either in growth or in defense. During leaf development, Pinus pinaster
seems to allocate most resources to growth, limiting the synthesis of monoterpenes for
defense. By contrast, during the rest of the year, when there is hardly any growth, resources
might be allocated to the production of defense compounds, such as terpenes [51,52].

Regarding the other factor influencing the general response of monoterpene abun-
dance to changes in temperature, we found that a water deficit period followed by a soil
water recovery due to precipitation during October was associated with a slight increase
in the abundance of monoterpenes in the air (Figures 5 and 6). In Mediterranean climates,
it is common to find a drought period during summer that may affect the functioning
of plants [32]. However, in the study site, we registered a drought period during the
early autumn of 2018, a displacement likely due to being in a mountain Mediterranean
climate [53]. Nevertheless, the literature states that a water deficit period can be associ-
ated with increased levels of needle volatile terpenes to increase plant defense [40,54,55],
whereas emission may be constrained during water stress due to stomatal closure [56,57].
This suggests that species able to store terpenes, such as P. pinaster, would increase the
synthesis and storage of monoterpenes during drought, while simultaneously restricting
their emission [31,58] as a defensive mechanism to reduce palatability and as herbivore
repellents [59,60]. Once water stress conditions disappear, the stomata can open again, and
the leaves can release the volatile terpenes accumulated during the drought period into
the air.

The highest peak of monoterpenes in the air found during summer in this study
also coincides with the season of highest demand in the Mediterranean tourist sector,
which is concerned about the future negative impacts of rising temperatures due to climate
change [11,61,62]. Summer days with higher temperatures could bring significantly lower
visitor numbers due to uncomfortable temperatures [63,64] and, therefore, may change
the behavior of tourists [9,13,65]. However, leisure activities under the forest canopy
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during Mediterranean summers may not only provide greater benefits to human health
due to the abundance of monoterpenes, but also may provide thermal comfort [66,67].
Thus, forest-based leisure activities during summer, such as shinrin-yoku [68–70], can be
promising adaptive ways to minimize the impacts of climate change on the Mediterranean
tourist sector.

5. Conclusions

Temperature was found to be the main environmental factor driving the abundance
of monoterpenes in the air of a mountain Mediterranean forest of Pinus pinaster, with the
maxima of abundance found during summer (July and August, according to this study).
Leaf development in spring decreased the abundance, while during post-drought periods,
the abundance may increase (end of October in this study). Therefore, people enjoying
forest-based leisure activities would be more exposed to air monoterpenes, and apparently
obtain more health benefits, when the temperature increases during the period after leaf
development, as long as there is soil water available and the trees are not suffering from
water stress at the time of forest exposure. If there is a summer drought period and the trees
are water stressed, the abundance of monoterpenes in air will increase when the drought
period ends.
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Abstract: Mountain biking has increased in popularity in many countries over recent decades.
Production forests provide not only an outstanding space for mountain bike riding, but also specific
characteristics conducive to purpose-built track building. With recreational access to production
forests, managers must balance commercial operations and industry environmental obligations with
the interests and actions of riders. Production forests in New Zealand have accommodated mountain
biking activities for decades. The trend from 1991 to 2022 showed overall increasing opportunities for
mountain biking in production forests, particularly in smaller commercial peri-urban plantations and
forest parks maintained as dedicated mountain bike parks. Over the same period, public mountain
biking access to larger (>1500 ha) forests peaked in 2008. These recreational changes within forests,
and the impact these changes have pressed onto forest managers, have not been well documented.
This paper explores the rise in popularity of mountain biking in New Zealand’s production plantation
forests, and the response of forest owners and managers to increased mountain biking activities in
their commercial forest estates. The paper discusses implications for forest planning to accommodate
active recreational sports such as mountain biking in production forests, suggesting policies and
procedures to help protect commercial interests and forest ecology, while allowing for a contemporary
mix of recreational activities.

Keywords: mountain biking; recreation; trade-off; use conflict; ecosystem services; forest management;
commercial forestry; plantation forest; Pinus radiata; New Zealand

1. Introduction

Mountain biking is an increasingly popular form of outdoor recreation, competitive
sport and adventure tourism. Since its experimental beginnings in the U.S. in the late
1970s [1–5], the fringe activity has steadily evolved into an established sport, occupying
an important public interest and economic niche worldwide [6–9]. In recent decades, the
popularity of mountain biking has increased in Australia [9–13], New Zealand [14–20],
North America [21–24] and Europe [5,25–28]. Participation in the U.S. and Australia is
estimated at 2.5% and 1.3%, respectively [9]; in the UK, an estimated 11.8 million people
own a mountain bike with 1.3 million people (or around 2.1% of the population) using
them regularly to ride off-road [29]. Mountain bike organisations, clubs [30] and compe-
titions [31] are increasingly widespread internationally and the International Mountain
Biking Association (IMBA), a body dedicated to growing mountain bike trail communities,
is represented by more than 40 countries [7]. Economically, mountain biking contributed
around USD 7 billion to the global market in employment, sales in retail, tourism, and
competitions in 2020 [32–36]—just in terms of sales, a staggering 47,670 bikes are being
sold each day [8]. Annual growth rates are rising and are expected to continue to rise
with further advances in electronic technologies, expanding markets, and growing track
networks [7,8,14,32,37–39].
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With the expanding interest and improved technologies [40,41], mountain biking
has developed to encompass several specialised disciplines, including cross-country, trail,
enduro, freeride/downhill, all mountain, slopestyle, 4x, pump track and randonneur-
ing/audax [42]. Mountain biking has been incorporated in multi-discipline races such as
adventure racing, mountain bike orienteering and off-road multi-sport events. The sport
has also expanded widely into adventure tourism with recreational riders going on multi-
day adventures (bikepacking) [43] or touring combinations of cycle trails, forestry tracks
and re-purposed disused railways (cycle touring) [44]. There is also a growing number
of electric mountain bikes (e-bikes), particularly among riders who might otherwise be
physically excluded [7,19,37,45,46]. With multiple riding styles and interest groups, a wide
demographic with disparate motivations, vastly different track design requirements and
wide-ranging environmental preferences has emerged [47–49].

Most mountain bikers—across disciplines of mountain biking—prefer riding on nar-
row trails (known as single track) in natural areas [47,50,51]; however, publicly owned
natural land in many countries is tightly managed [52–54]. In many places, mountain biking
has only recently been included within recreation permitted on public lands [40,41,54–58],
largely as a consequence of persisting notions that mountain bikers cause disproportionate
environmental damage [4,41,59–63] and promote use conflict from existing users [49,64].
The emergence of mountain biking—among a class of thrill seeking and adventurous
outdoor sports—has changed local regional economies [14,16,23,32,40,41,65–69] and the
way many natural areas are viewed and used for outdoor pursuit [13,24,25,41,47,70,71].
Mountain bikers are motivated by an appreciation of nature and the natural environment,
as well as for the opportunities the environment provides for exercise and fun [25,71,72].
Mountain bikers show similar knowledge and perception of forest biodiversity to other
forest users [25], and express commitment to the sustainability of the natural environ-
ment [47,71]. However, mountain biking and mountain bike trail building is accompanied
by variable levels of concomitant modifications to the environment [13,41,62,63] that some
see as a step level change [4,41,49,60,61,64]. Indeed, for many mountain bikers, enjoying the
surrounding nature for the nature itself is a secondary interest [13,41,73]. With differences
of view, challenging trade-off situations persist [47,49,74].

Production forests (including plantation forests) have emerged as an important alter-
native space for recreational mountain biking [50,63,72,74,75], particularly where access
to public land has been difficult to attain or prohibited [63,76–78]. Notwithstanding, pro-
duction forests provide outstanding environments with distinctive qualities conducive to
track development, riding and competitions. For example, in production forests, a higher
tolerance of environmental damage in comparison to natural forests enables more scope for
purpose-built track building [41] and fewer environmental concerns for riders [60,61,79,80].
Mountain biking in production forests and the associated track development are seen to
pose less of a risk to the ecosystem values, such as native biodiversity, habitat quality and
water quality, than biking in natural forests [41]. Additionally, production forests typically
have an already established network of roads and tracks to allow for management and
harvesting that offers ready-built access across the forest. The importance of commercial
production forests to the mountain bike community and the development of the sport
raises the questions of how and why access to production forests progressed, and what
deciding factors led forest managers to allow or promote mountain biking access. Though
some forest managers monitor use of their forests (through permit data, etc.), there is a
paucity of collated data available on mountain biking as a recreational activity within New
Zealand’s commercial production forests—(i) what cycling activities are being undertaken,
(ii) by whom, and more importantly, (iii) why users are seeking access to recreate within
plantation forests. While past studies have investigated the sport of mountain biking from
a user preference perspective [2,41,49,71], as a social phenomenon [48] and the environ-
mental consequences [4,41,60,79], very few have investigated the use of a commercially
managed forest for mountain biking from a forest management perspective. Where this
has been considered, the focus has been on either use conflict management between for-
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est recreational users [49,75,81], or on the impacts of the activity on the physical forest
environment [4,25,79,82,83], (although, see Hrůza et al. 2021 [63]).

This paper considers the rationale and motivations behind mountain bike use of
productive plantation forest environments, the response of forest management to societal
recreational preferences, and the benefits and risks posed to forest managers with the intro-
duction of mountain biking to their commercial estates. Using New Zealand’s experience
as a case study, we examine the growth in the sport of mountain biking, and implications
for commercial forest managers due to increasing pressures to accommodate recreational
mountain biking access and infrastructure within commercially established forestry estates.

2. Background
2.1. Mountain biking in New Zealand

Mountain biking in New Zealand began in 1984 with the importation of 15 off-road
“mountain” bikes [15,77]. In these early years, a small cohort of hardy enthusiasts quickly
re-defined bicycle touring in New Zealand [84,85], exploring (and reporting on) rural
metalled roads, farms, bush tracks and forestry roads. These early riders were also among
the first to start to build and improve tracks specifically for improving mountain bike access
and rideability; while many of the earliest tracks were unsanctioned, an increasing number
of tracks were being developed as a result of negotiations and partnerships between the
fledgling mountain bike community and forest managers, both public and commercial [84].

As popularity of recreational mountain biking grew, so did competitive mountain bik-
ing. The first mountain bike races were held in 1985 [86]. The first national championship,
“New Zealand Off Road Bicycle Race,” was arranged by Paul Kennett in 1986 on a rugged
course through native forests now known as the “Karapoti Classic” [59,77,86]. With just 45
competitors at the start line, the “championship” could easily have been underestimated
with competitors sporting bush shirts and canvas backpacks and riding modified road
bikes; however, the following year there was such interest in the competition that the field
had to be limited to 1000 competitors [76]. By 1993, popularity had swollen such that
New Zealand had laid claim to recreational forest with the “highest use” in the Southern
Hemisphere at Woodhill Forest [76]. From latest national participation data (2018), an
estimated 7.7% of the adult New Zealand population (>15 yrs) were regularly mountain
biking—nearly 300,000 persons—incorporating both competitive level cyclists and recre-
ational riders [14], 14% having participated at least once in the sport during 2018, and 8%
wanting to give mountain biking a go [87].

2.2. Production Forests for Mountain Biking Trail Development

In the late 19th century, New Zealand was facing a dwindling supply of timber
resources as a result of unsustainable harvest practices and slow growth rates in the
merchantable New Zealand indigenous tree flora [88,89]. In response, the New Zealand
Forest Service in 1925 led a programme to plant fast-growing, exotic, chiefly radiata pine
(Pinus radiata D. Don), forests across 300,000 acres of State forest [90]. The success of the
afforestation led, over the next decade, to increasingly large-scale exotic plantings across
state and private forests, particularly on the North Island [90].

Although primarily managed for timber, planted exotic State forests were important
for public recreation throughout the 20th century. By the 1970s, exotic State forests had
become popular areas for recreation, as these were more accessible by motor vehicle than
many indigenous National Parks and reserves [91–93]. With the closure of the New Zealand
Forest Service in 1987, exotic production forest management was reverted to State-run
Forestry Corporation, and then on-sold to private companies [89]. With the privatisa-
tion of the exotic forest estate, commercial timber extraction became of utmost priority
while recreational right to access was left to individual forest companies [89,91,94]. In
contrast, indigenous forests had a range of management objectives, both continued selec-
tive harvesting as well as the more predominant biodiversity protection and conservation
objectives [89,91], including non-vehicular recreation. In the post-privatisation era, most

161



Forests 2022, 13, 1326

exotic planted forest management objectives included some forms of recreation [90]. In
2018, a concerned group of forestry professionals drafted a national forest policy to guide
decisions on legislation and regulation across the sector [95]; in it, the authors acknowledge
the importance of New Zealand’s productive forests in providing non-productive public
services, such as recreation.

Currently, of the 38% of New Zealand land covered in forests (10.1 × 106 ha), nearly
16.8% of these forests (1.8 × 106 ha) are occupied by productive exotic, primarily Pinus
radiata D. Don, plantation forest [88,96]. Most of these planted forests are in the Central
North Island region, although exotic planted forests extend throughout the country. In
the drier regions, productive pine forests usually support a sparse understorey, whereas
in wetter regions, a dense understorey of native ferns and shrubs, as well as exotic weeds
such as blackberry (Rubus fruticosus agg.) and gorse (Ulex europaeus) persist (Figure 1).
Production plantation forests provide important surrogate habitats for the conservation
of threatened New Zealand biodiversity, including bats, beetles, kārearea (falcon) and
kiwi [97–101].
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Despite having expansive natural landscapes, New Zealand does not have the same
public accessibility to private land as other nations (e.g., Scotland [73] and Sweden [102]).
As mountain biking developed in New Zealand, the Department of Conservation (DOC),
the government department managing public conservation lands, considered mountain
biking to be in conflict with protecting the interests of conservation, biodiversity and other
recreational users [2,4,40,41,77,92]. As with many other national land management agencies
(e.g., U.S. National Park Service), DOC did not allow “road” development in National
Parks, which included mountain bike tracks—mountain bikes being classed as a vehicle.
Mountain bikes throughout the 1990s were legally excluded from most public tracks and
restricted to formed roads in public conservation land [2,51]. Consequently, recreational
use of public conservation land, which accounts for over 30% of NZ’s land area and 79%
of all forests [88,103], was largely devoid of opportunities for mountain biking [2]. In
addition, most local governments held similar views on mountain bikes, disallowing access
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to publicly managed exotic production forests until the late 1990s [78,104]. Electronic bikes
(ebikes) are currently at the centre of a similar debate on policy around access [105,106].

Access limitations to public conservation land led enthusiasts in the 1980s and 1990s to
look elsewhere to ride, build tracks and hold competitions. Exotic production (mainly pine)
forests provided a range of conditions appealing to mountain biking and conducive to the
development of purpose-built mountain bike track networks. Production forests typically
had an established road and track network to connect regions of the forest; forest managers
were tolerant of understorey vegetation clearance and earthwork required for track building;
and many forest managers were already dealing with access for other recreational user
groups (e.g., hunters and horse riders), so some existing offroad trails allowed for further
development [76–78]. Some New Zealand production forests were established in peri-
urban areas that offered easy access from population centres, whereas other forests were
remote and completely undeveloped in terms of purpose-built track networks and with
ideal opportunities for experiencing solitude and interacting with nature. Many planted
forests were established on steep hill country or in unique landforms (e.g., historic mine
sluicing), conducive to building interesting and challenging single-tracks [13,41,51,107].

Enthusiasts partnered with forest companies and local councils to build dedicated
track networks within productive planted forest from the early 1990s [108]. The initial
forested areas which became important recreational hubs for biking were located near larger
population centres—these forests were some of the first to give access and permit track
development. The proximity of some production forests in New Zealand to population
centres (e.g., Bottle Lake; Hanmer Forest; Golden Downs Forest; Whakarewarewa Forest,
and Flagstaff Forest, Figure 2) encouraged the development of track networks within
planted production forests [76–78,109].
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Bottle Lake Forest, on the edge of New Zealand’s second largest city, received over
200,000 visits per year from mountain bikers in 2002 [86] accounting for half of all visitors
to the forest [3]. As the sport grew, forest managers were under increasing pressure to
either restrict mountain bike rider forest access, or to accept the inevitable and address
illegal track development and access through community engagement and recreational use
policy. These forest managers shouldered the responsibility to safely manage an increasing
population of people recreating in the forest, while continuing production operations.

Planted forests are used extensively for other social and recreational activities (hunting,
angling access, firewood collection) [110] though these more traditional activities have
neither experienced the same growth as mountain biking, nor involved such a large cross
section of society participating.

2.3. Contribution of Mountain Biking to the NZ Economy and Society

The primary purpose of New Zealand’s 1.8 million hectare planted forests is the
extraction of wood products that contribute approximately NZD 10 billion in revenues
annually to the New Zealand economy [111–113]. In addition to the above revenues,
production forests provide revenue streams and non-market values from the space and
infrastructure they provide recreation such as mountain biking [14,72,114]. Increasingly,
tourists come to New Zealand to mountain bike [2,15]. In 1995, 22,000 international tourists
out of 1.4 million mountain biked during their visit to New Zealand (1.6%), and a further
177,000 New Zealanders mountain biked in landscapes out of their local region [109].
By 2018, 25,000 (4%) of the annual international visitors indicated their prime reason for
visiting was to mountain bike [14].

Economic impact studies show mountain biking in production plantation forests con-
tributed to regional economies by generating revenues in retail and hospitality [14,16,18,68].
Mountain biking visits and events across the Nelson-Marlborough region (which include
planted forests) contributed approximately NZD 17 million to the economy [14]. Mountain
biking activities in the 5700 ha Whakarewarewa Forest in Rotorua have been found to an-
nually provide between NZD 29 and NZD 47 million to the economy, as well as additional
employment opportunities of between 210 and 340 full time employment units [16]. The
collective value that repeat forest users (i.e., local users) placed on mountain biking access
to the forest in 2010 was approximately NZD 5 million per annum, which was greater than
the annual timber revenue at the time of the study [115]. Commercial forest owners also
benefit from promoting recreational activities, such as mountain biking, as part of achieving
industry compliance for international market access [112].

2.4. Mountain Bike Parks

During the late 2000s, dedicated mountain bike parks emerged in New Zealand
(e.g., Woodhill Mountain Bike Park; Cougar Mountain Bike Park; Eskdale Mountain Bike
Park). Mountain bike parks are dedicated trail centres, mainly in production forest areas
(Table 1) set aside and operated as separate enterprises apart from the forest management
company operations [116]; often, users pay fees for services although many are free to the
public or rely on donations. Their popularity and contribution to increasing mountain bike
participation is ascribed to the accessibility to urban centres or popular holiday destinations,
the high density of highly engineered, serviced tracks across a range of difficulties, and for
some mountain bike parks, the uphill services, such as gondolas, and purpose-built facilities
and trail markers [48,109]. The inclusion of beginner level trails for young riders sees
mountain bike parks considered safer and less “wild” locations to learn the sport [117]. A
10-fold increase in mountain biking activity occurred in Tangoio forest from the introduction
of the Eskdale Mountain Bike Park, from 200 visits in 2001 to 2100 visits in 2009 [109].
Providing gondola lift access during 2011 to the Ben Lomond area also saw mountain bike
club numbers in Queenstown grow from 60 in 2010 to 600 in 2011 [118]. Local mountain
biking clubs that ride in nearby commercial planted forests have grown in membership,
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such as Hawkes’ Bay Mountain Biking Club, which has 2200 members [1], and the Nelson
Mountain Biking Club, which has the largest membership, at over 2500 members [14].

Table 1. Mountain bike parks in production plantation forests (Source: trailforks.com (accessed on
28 June 2022)).

Riding Area Fees Track Network (km) Adjacent Production Forest

Whakarewarewa Redwoods,
Rotorua none 319 Whakarewarewa Forest

Riverhead, Auckland none 222 Riverhead Forest
Pan Pac Eskdale, Hawkes Bay use fee or club fee 113 Tangoio Forest
Craters of the Moon, Taupo use fee or club fee 77 Waiarekei Forest
Woodhill, Auckland use fee 63 Woodhill Forest
Hanmer Forest Park, Hanmer
Springs none 60 Hanmer Forest

Christchurch Adventure Park,
Christchurch gondola fee 56 McVicar Cashmere Estate

Lake Mangamahoe, Taranaki donations 51 Mangamahoe Forest
Mcleans Island, Christchurch none 50 West Melton Forest
Whangamata, Whangamata use fee 48 Tairua/Matariki Forest
Nasby, Central Otago none 46 Nasby Forest
Cougar Park, Tokoroa donations 44 Kinlieth Forest
Bottle Lake, Christchurch none 43 Bottle Lake Forest
Waitangi, Paihia donations 40 Waitangi Forest
Arapuke, Manawatu donations 39 Arapuke Forest
Harakake, Whanganui donations 30 Harakeke Forest
FourForty, Clevedon use fee 29 Waytemore Forest
Kingsland Forest, Nelson donations 27 Silvan Forest
Parihaka, Whangarei none 25 Onerahi Forest
Ben Lomond, Queenstown gondola fee 24 Ben Lomond Hills
TECT Park, Bay of Plenty none 23 OTPP Western Bay
Haven, Banks Peninsula club fee 22 McQueens Forest
Onepu, Rotoma none 18 Rotoma Forest
Uenuku Pines, National Park club fee 17 Waikune Forest
Whitehorse, Waimate donations 15 Waimate Forest
Tōtara Park, Upper Hutt none 14 Akatarewa Forest
Millmore, Gisborne none 10 Millmore Forest
Raincliff, Geraldine none 8 Raincliff Forest
Blue Spur, Hokitika none 6 Ngai Tahu Kaniere Forest Estate
Whitehills, Kerikeri none 3.5 Whitehills Forest
Raumai Forest, Bulls none 3 Santoft Forest

Wither Hills, Blenheim none 77
Mt Hutt, Canterbury none 48
Sticky Forest, Wanaka none 34
Te Miro, Piako-Morrinsville none 29
Parihaka, Whangarei none 24
Centennial Park, Timaru none 23
Sandy Point, Invercargill none 23
Codgers, Nelson donations 21
Summerhill Farm, Te Puke donations 19
Rivenrock, Wairarapa use fee 16
Oropi Grove, Tauranga none 14
Carterton, Wairarapa none 8
Hotoritori, Thames none 8
Whataupoko, Gisborne none 7
Wairoa, Hawke’s Bay none 7
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3. Materials and Methods
3.1. Determining Where Mountain Biking Has Been Present

Using published literature and online sources, we looked at production plantation
forests in New Zealand (>1500 ha), aiming to answer the following questions: (1) How
many production forests in New Zealand (>1500 ha) permit mountain biking? (2) How long
has mountain biking been permitted? and (3) What are the policies for each forest relating to
mountain biking? Using published mountain bike guides, brochures and mountain biking
websites [76,77,86,108,116,119–124], we created a database of commercial forests to map the
expansion of recreational and competitive mountain biking access in commercial plantation
forestry land for 1991–2022. We created a time-series map of all operating commercial forest
estates (both >1500 ha and <1500 ha) in New Zealand with access for mountain biking
for the same time period using a forest industry database [125–127] and topographical
maps series NZ TopoMap [128]. Statistical analysis using SPSS was conducted on yearly
access based on the two size classes (>1500 ha and <1500 ha) via Chi Square. We also
collated recorded transitions in forest management policies regarding mountain bike access,
permission requirements, and user costs outlined within forest industry websites and
annual management plans.

3.2. Assessing Impacts of Mountain Biking on Forest Management

To qualify the impacts to forest management, we interviewed four forest managers
and surveyed a further 10 of the 22 forestry management companies with >1500 ha of
forest. The aim of the survey questionnaire was to identify risks and benefits to forest
management from the presence of mountain biking within their forest estate, and changes
in current forest management practices because of these risks and benefits. Survey forms
were sent by email directly to all 22 forest managers, inviting them to complete the survey
and return the form via email. Responses were collated and open-ended questions were
analysed thematically. The questions are provided in Supplementary Data (S1).

4. Results
4.1. Changes in Mountain Biking Access to Planted Forests, 1991–2022

In 1991, 27 commercial forest owners in New Zealand provided recreational access for
mountain biking activity (Table 2); however, there were also limited numbers of mountain
bikers using the forests.

Table 2. Number of planted forest areas being accessed for mountain biking activity, 1991–2022.

1991 1993 1999 2002 2008 2013 2022

Number of commercial plantation forests with
mountain biking

>1500 ha 18 49 34 36 56 38 40

<1500 ha 9 15 18 21 35 33 75

Total number of forests 27 64 52 57 91 71 115

No of above forests requiring permits or landowner permission 11 25 19 26 31 32 24

No of above forests requiring payment for access 3 1 6 10 7 20 21

Kennett et al. [76,77] encouraged riders to explore (exotic) forests, advocating them as
an ideal environment for mountain biking. Routes described in Kennett’s guide from both
1991 and 1993 largely follow 4WD and forestry roads, rather than developed single tracks.
We found that in these years, only five of the large forest owners had any formal policy
concerning access to the estate for recreational purpose, let alone for mountain biking,
mostly through a permit system. In contrast, we found access to small forests (<1500 ha)
was often regulated, with 67% requiring a permit and 33% with fees. One forest owner
even actively excluded mountain bikers on their production forest trails [78]. By 1993,
49 large (>1500 ha) forests were allowing access for mountain biking [76], an almost three-
fold increase from 1991 (Table 2). Access to many of these forests was informal. For example,
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permission for the construction of one of the first bike-specific tracks—originally known
as “the BMX track”—in New Zealand was based only on a verbal agreement between
the owner, Forestry Corporation, and riding enthusiast Fred Christensen [86]. In 2022,
115 forests allowed mountain bike entry—more than any other year recorded—buoyed by
the steadily increasing number of small (<1500 ha) forests. The number of larger (>1500 ha)
forests over the same twenty-year period fluctuated, peaking at 56 in 2008 (Table 2). The
main trend in access to forests shows that while in 1991, no significant difference was
shown between forest access between forest size (X2 (1, N = 225) = 0.258, p < 0.389),
a significantly larger proportion of forests >1500 ha had mountain biking occurring in
1993 than in small forests (X2 (1, N = 225) = 7.825, p = 0.004). However, by 2022, this
trend has reversed, with significantly more small forests <1500 ha now having access
(X2 (1, N = 225) = 73.35, p < 0.000). The extent of mountain biking in exotic forests during
the period 1991–2022 is shown in Figure 3 and in supplementary Tables S2 and S3. We
acknowledge some inconsistencies in access regulations in the web and grey literature, so
all results are presented based on what was judged to be the most reliable sources.
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Figure 3. Permitted access for mountain bike users to New Zealand production plantation forests
in 1991, 2008, and 2022. Forest counts in parenthesis. Yellow points = forests > 1500 ha; cyan
points = forest < 1500 ha (including mountain bike parks); green shading = production plantation forest.

A comparison of track networks between 2008 and 2022 showed substantial network
growth in some production forests (Figure 4). Some of these are known to have a strong
relationship with local clubs, a dedicated bike park area, or are nearby New Zealand holiday
destinations (e.g., Waitangi, Glenbervie (Northland), Whakarewarewa, Wairakei (Rotorua)
Tangoio (Napier), Hira, Kingsland/Silvan (Nelson) and Hanmer). We also found that
some tracks reported in earlier years by Kennett et al. [108,119,121] do not appear in more
recent resources [116,124]. We hypothesise that this is due to the growing development
of high-quality mountain bike tracks nationwide, concentrating biking activity on higher-
quality tracks. Forests that have purpose-built concentrated track networks have potentially
redirected riders from other parts of the forest, or other forests in the region. Examples that
seem to support this include the decreased use of Nemona Forest with the development of
Blue Spur MTB Park; Rotoma Forest use decreased with the development of Onepu MTB
park; and West Dome, Blue Mountains and Hokonui Forest tracks which are no longer
listed in Trailforks [124], whereas Bluff and Sandy Point trails have expanded and are
regularly referenced in Trailforks in 2022.
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Figure 4. Boxplot showing change in mountain bike accessible track networks in production planta-
tion forests (>1500 ha) between 2008 and 2022. The box bounds the interquartile range (IQR) divided
by the median; whiskers extend to a maximum of 1.5 × IQR beyond the box. Open circles are outlier
sample data points. Figure based on 23 forests with >5 km track access in 2008, resampled in 2022.

The rise in dedicated mountain bike parks is attributed to the need for greater access
to a few, dedicated trails for biking, separated from other recreational users, and for the
protection elsewhere of sensitive vegetation. Mountain bike parks concentrate mountain
bikers’ usage within a defined access area to ensure safe forest operations in adjacent forest
areas. Of dedicated mountain bike parks in production forests, nearly 50% were a subset of
a larger plantation estate (Table 1).

4.2. Access Conditions for Mountain Biking in Planted Production Forests

From our review of the literature, our survey and online resources, we found that
production forest managers have taken four approaches to access: (1) no access permitted,
or only by permit for club/private events on a case-by-case basis; (2) only providing access
at certain times (e.g., weekends) and require a permit or pass; (3) providing generally
open access to mountain bikers, with an agreement with a local club or council of the
protocols and procedures for the construction and maintenance of purpose built mountain
bike tracks; (4) operating as in (3) but restricting open-access mountain biking and related
track building to a portion of the production forest (e.g., mountain bike parks), and often
outsourcing recreational management aspects to clubs or partner with a recreation provider.

During the 1990s, mountain bike access to commercial plantation forests was usually
without a permit, largely free, but was often restricted to weekends [76–78,120]. We found
that relationships between forest owners and cycling enthusiasts or mountain biking
clubs helped develop long-term continued access for mountain biking; whereas forest
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managers in absence of these relationships made access restrictions or destroyed tracks
during felling operations to discourage further development [76,77,116,120,121]. Mountain
biking enthusiasts worked together with local forest landowners for access and track
building, lobbied local authorities, and were willing to put in their own labour to establish
infrastructure and develop the sport [20,76,85]. Where strong relationships have been
established over time between forest owners and local mountain biking clubs, the access
conditions are clear, and they tend to result in an increased level of mountain biking
recreation within the forest. For example, Whakarewarewa Forest, situated on the edge
of Rotorua, a popular tourist destination, has had a longstanding engagement with the
local mountain biking community. The forest management and club agreed, initially as
an informal agreement, but later formalised through a “memorandum of understanding”
that all tracks should be built in areas away from imminent harvest operations, and that all
tracks would be documented, mapped and safely sign posted [85]. A formal track network
group was set up from members of Kaingaroa Timberlands forest management, the local
mountain bike club, and other interested individuals, to oversee track building. In 2004,
Kaingaroa Timberlands further formalised access into the forest with an official document
circulated through mountain bike websites and the Redwoods Visitor Centre. This set
out the necessity for track mapping and marking and ensured that track construction and
maintenance was carried out by sanctioned people under the guidance of the track network
group [85]. This forged the way for further track building, and club membership leapt to
around 300 members. We noted similar established relationships in the local biking club
websites, forest management plans and permits relating to Akatarawa, Hanmer, Lismore,
Belmont and Battle Hill, and Tangoio Forests.

4.2.1. Permit Requirements

Our database showed that, while in 1991 around 40% of production forest owners
had required permits for mountain biking access, by 2002 this had risen to 46%. Fees have
a strong association with permitting; by 2022, 88% of exotic forests requiring a permit to
access (24) also required payment (sometimes via club fee registrations). In many cases,
the hassles gaining a necessary permit were inefficient and complicated [78], paradoxically
leading to uncontrolled entries and clandestine behaviour [76,78,86]. Of the large (>1500 ha)
forests we surveyed with mountain biking activities, today 43% of forest companies provide
access free of charge, though 62% have mountain bike club affiliations in the provision of
access conditions, and trail maintenance. Forty-six percent require permits for access, most
through local clubs, though one forest manager provided permits though a local bike shop,
and another via a contractor. Fifty-eight percent of the small forests (<1500 ha) are managed
by local government. Requirements for a permit to ride in the forest, along with fees for
riding, have changed over time, due to changes in forest ownership; affiliations with local
clubs; establishment of dedicated mountain bike parks; and forest security requirements.
Some forest managers opted to recoup costs through selling maps of the forest trails at local
cafes for a nominal fee rather than through permits [78]. Ironically, clandestine behaviour,
illegal track building and lobbying worked in some ways to gain long term dedicated
access for mountain bikers [129–131], although this behaviour has led to frustration and
conflict with forest managers and other lawful users [132,133].

4.2.2. Forest Ownership Change

We found instances of access conditions changing because of a transfer in forest
ownership. An example of this occurred in 2004 at forests at Riverhead and Tairua when
ownership and management transferred from Carter Holt Harvey (CHH) to Rayonier.
CHH had required mountain bikers to obtain a permit to ride in any of the Auckland
forests, but by 2010 Rayonier no longer required any permits for passive recreational access
on foot (including mountain biking). In a similar example, Baigents required a permit to
ride in Hira Forest in 1993; CHH did not require any permit during the latter 1990s, and
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both Hancock Forest Management and now Tasman Pine Forests require a paid permit
(through the Nelson mountain bike club membership) to ride at Hira Forest.

4.2.3. Encouraging Access to Dedicated Areas

In some instances, clubs have actively worked alongside the local forest owners and
managers to enable dedicated areas of the forest to be set aside on either long-term lease
for mountain biking activity (e.g., Cougar Mountain Bike Park in Tokoroa) or the estab-
lishment of a dedicated bike park (e.g., Te Miro Mountain Bike Park and Woodhill Bike
Park—the latter being a separate commercial mountain bike park outside the forest com-
pany’s management). In the case of Eskdale Mountain Bike Park in Tangoio Forest, the
relationship with PanPac Forests has seen the forest managed in such a way to accom-
modate continued mountain bike access safely during harvesting operations. When the
Waipunga area of Tangoio forest was due for harvest in 2016, the Eskdale club website noted
that new tracks were being established in another section of the park (Pakuratahi Valley)
ahead of the closure of access to the area, to ensure continuation of access for mountain
biking. Whakarewarewa Forest, managed by Kaingaroa Timberlands, developed a 10-year
plan devised with the local mountain bike club to ensure continuous public access to the
forest. Other forest owners and managers have subsequently adopted this type of access
policy, and today track networks and mountain bike parks are plentiful. Close associations
and engagement between forest owners and the local mountain bike clubs means that areas
that are most suitable for track development can be identified and managed for recreation,
and continued safer forest access for riders can be provided in conjunction with continued
harvesting operation.

The last two decades have seen a change in forest company awareness of the need
for better mountain biker access, towards at least a social contract for public access (if not
a more formalised arrangement with a local biking and track-building club). Most forest
management plans now report not only on recreation, but actively use the provision of
access for recreational users as a promotional and social benefit. For forests that are Forest
Stewardship Council (FSC) certified, the forest can be seen as having “High Conservation
Value” if you allow people to recreate in the forest [112].

Today, very few managers of production plantation forests actively discourage recre-
ational mountain bike users, but several management strategies are being employed to
ensure safe and enjoyable mountain biking conditions for those recreating within the forest.
While only 14 larger companies we surveyed have a formal policy around mountain biking
access, most have some form of a public access policy or recreational access via permit
(Table 2). The main reason for a permit is to monitor usage, and to ensure the public are
aware of access conditions to mitigate hazard risks.

4.3. Risks to Production Forests from Mountain Biking and Associated Management Actions

Our survey of forest managers received responses representing 10 forestry companies.
Where mountain biking is occurring within their forests, respondents outlined how they
are presently accommodating this activity, the risks and benefits they foresee from the
presence of the sport within a production forest, and any policies or procedures in place to
mitigate disruption to forest production.

Respondents stated that they had identified risks relating to use conflict, liabilities,
and emergency management connected to mountain biking. The following is a summary
of identified management issues and risks from survey responses:

1. Fire risk and emergency management: Fire poses significant risk to managers of
plantation forests in New Zealand, particularly because of the size and remoteness
of many management units, a large cohort of weekend cyclists using the tracks, the
difficulty in assessing the number or location of riders at risk, and the intensity of
plantation forest fires [134,135]. Forest managers need the ability to evacuate the
forest quickly should fire or an emergency event occur. Forest companies manage risk
through forest closures in high wind or extreme fire conditions, and by keeping main
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fire exit tracks well-cleared. A few companies now have the capability to instantly
message club members in emergency or for updates on forest closures. A few forest
managers hire security to deter unpermitted access during extreme weather and as
part of a wider illicit behaviour management.

2. Illicit track building: Many early mountain biking trails in exotic plantations were
developed without permission. Consequently, some tracks exposed riders to active
forestry operations (e.g., thinning, felling, hauling, weed control) with serious safety
risks. Sixty percent of respondents managed unauthorised track development through
partnering with mountain bike clubs or entering formal contract with a trail building
enterprise or local government. In some cases, forest managers destroyed clandestine
tracks to deter illegal riding. By notifying local clubs of the five-year harvesting plans,
this allows the clubs and track builders to schedule new tracks, so that these are
available when tracks in compartments being harvested are no longer available. Forest
managers want to work with the mountain biking community, but have long term
operational plans to meet:

“We do not let mountain bike activities alter our forest management practices, but instead
regularly engage with [Club] so as they can be up to date with 5 year harvesting schedules
that may impact their track infrastructure”.

Some forest managers stipulated that some high hazard work (i.e., tree felling) was
reserved for forestry company personnel. Some forests (e.g., Whakarewarewa Forest) have
implemented innovative mechanisms for feedback and suggestions from the local riding
community [132].

3. Use conflict with forest operations: Harvesting operations present risks to riders’
safety if not managed well. Permits give the forest manager the ability to know
how many people, and who, is accessing the forest. The benefit to the owner in
clearly outlining the accessible trails on a permit should encourage users to keep
to these areas of the forest, rather than providing blanket free access to all forest
zones. Some mountain bike parks use counters to provide further details of track
usage. This also allows forest managers to monitor track usage for management
and planning future development. Managing riders around forest harvesting and
thinning operations involves developing concentrated areas of riding to encourage
riders to willingly stay on known rides, and using clear messaging (e.g., signage)
for track and forest unit closures to avoid riders inadvertently entering operational
areas. However, interactions between riders and forest operations are inevitable; one
forest manager stated, “we’ve had a few near hit reports from log trucks and crew vehicles
with mountain bikers,” in spite of having restricted access to non-operating hours and
adequate warning signage at the entrance to forests.

Eighty-two percent of forest companies surveyed allow entities, such as mountain bike
clubs, to run mountain biking events at the weekends to avoid the risk that forest crews
and cyclists would be on the same roads. Two forest companies indicated that they also
give private event organisers special access for hosting of larger events. Forest managers
use permit conditions, such as time, area and expected behaviour, to avoid conflict with
operations. Nevertheless, “people may have a valid permit but sometimes see it as their right to use
the forest ignoring warning and forest hazard signage.” Several forest managers also reported
warning signage were regularly ignored and conflicts between cyclists and forestry staff
were not unusual, especially in non-permitted areas: “We don’t allow any other mountain
biking (apart from specific events) in our other forests. There is also unpermitted mountain biking
in most forests, but these people are asked to leave by whoever finds them”.

4.4. Forest Management Benefits Accruing from Recreational Mountain Biking

Our survey of forest managers also revealed perceived benefits from the presence of
mountain bikers in productive forest environments. Some of the benefits seen by forest
managers in having mountain biking occurring in the forests include increasing forest
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security and community engagement. In addition, forest access for mountain biking
can lead to increased numbers of people visiting the forest and spending money in the
local community, further promoting forestry social licence. This survey response from a
forest manager emphasises how giving access helps improve the public perception and
understanding of the need for commercial production forestry:

“Having stakeholder engagement with the forest also enables them to understand the
business model and necessity of harvesting operations for the continued growth of moun-
tain bike tracks in our estate. For if there was no forestry business, there would be no
mountain bike tracks there”.

In the context of a commercial harvesting operation, forest managers perceive the
construction of mountain bike tracks as having low environmental impact, and negligible
economic impact on the forest production and returns. However, they can have positive
economic benefits for the forest owners and much greater spinoff economic benefit to the
regional economy, for very little effort on the part of the forest company. This is particularly
the case where forest companies have entered a partnership arrangement with a local club
or mountain bike park operator. Those we interviewed that had such an arrangement in
place reported that this arrangement provided multiple benefits to the forest company,
such as:

• Helping to prevent illegal entry into the forest. There is a perception that having
lawful users in the forest deters other illegal activities: “Good to have valid forest users
which assists to deter unauthorised use of forest”. Another forest manager stated rider
presence “stops some of the dodgy activity”. In addition, such partnerships can
alleviate the risk of illegal track construction, and ensure long term track building
and maintenance that does not compromise commercial forest operations, including
harvesting, thinning, pruning.

• Concentrating riders: By actively concentrating mountain bike track networks and
permitting tracks to be built to meet a wide range of riding styles, forest companies
benefit by having better control of where in the forest riders are recreating. This reduces
the risk of interactions between mountain bikers, other recreational users and forestry
operations as riders gravitate to purpose-built single tracks. Some forest managers
have moved towards establishing dedicated mountain bike parks/zones rather than
having recreational use coincide around the harvest plans or developing silvicultural
plans that fit around the trail developments. This can be a useful strategy; however,
consultation and approval for such long-term lease arrangements when proposals are
received for a permanent recreational facility is required from the landowner.

• Public Liability insurance can be managed through the club via membership. Some
forest owners partner with local mountain biking clubs and only allow forest access
for riders with club member tags on their bikes, allowing access only to affiliated club
members. Clubs can also more easily carry liability insurance for the events they hold.

Access via club memberships makes the access conditions straightforward and it
is easy for all members to receive updates and know the rules for access and hazards
to watch out for. Forest managers need only to engage with one group to inform all
legal cyclists of the upcoming changes in forestry operations, track closures, hazards or
events. Forest management plans relating to recreation or impacting on the club’s activities
can also quickly and easily be shared, minimising misinformation and rumours. An
example of misinformation is seen in an online forum from 2006 with a rider notifying
recreationists that access to Riverhead Forest tracks was being revoked, where the forest
manager was simply canvassing a review of users to provide improved access and had to
spend time reassuring the user group [89]. In addition, it removes day-to-day management
of recreationists from being the concern of the forest manager: “It is great to have other
organisations run the day-to-day management of bike trails and to be the go-between for forest
managers to mountain bikers. It simplifies the management of it, while allowing mountain biking
to occur”.
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5. Discussion
5.1. Forest Management Responses to the Sport of Mountain Biking
5.1.1. Management and Public Access

Production plantation forests are increasingly part of the fabric of mountain biking in
New Zealand. However, we have found that the use of forests is changing. Larger forest
areas are becoming less accessible, whereas smaller forests near urban centres and holiday
destinations are becoming increasingly important. This trend is likely following people’s
expectations for higher quality, highly interconnected track networks (e.g., mountain bike
parks) in lieu of the overgrown forestry roads once worthy of mention. In 1991, Kennett
encouraged riders to explore forest plantations to seek out unknown trails that might
exist [77]. Few forests had existing tracks available for mountain biking, and of those
that did, most provided access for bikers only to existing operational forestry roads [77];
a lot of riding in plantation forests at the time was not explicitly permitted. In contrast,
today’s exotic production forest managers are more active in establishing protocols for
mountain bike use in their forests than thirty years ago. Forest managers were aware of
the potential for issues in having mountain bikers within a forest environment, and two
decades ago, Wenita Forests raised similar concerns to those raised through our recent
survey: “Uncontrolled public use of our forests is a concern to us due to the safety issues it raises,
the potential risks to the forest and the problems associated with conflicting activities being carried
out at the same time.” (Wenita, 2002 in [78]). Where “illegal” trail building has occurred in
the wrong forest locations, this has resulted in increased erosion, damage to ecology, and
disturbance to nesting birds [136], along with fines to the track builders.

Whether or not forest owners desire to provide recreation, it is best to manage the
recreational activities already occurring in the forest [73,137,138]. There are, however, many
benefits for the forest owner in allowing recreational biking access to the forest. Reasons
purported for the suitability of large exotic forests for mountain biking activity include
the ability to provide economic benefit to neighbouring communities; the sheer size of the
resource (provides potential for kilometres of track); and provision of economic returns to
the forest owner through payment for ecosystem services (either through rider permits or
land lease to clubs for dedicated bike-related enterprise) [41]. Promoting public use has
proven to have positive economic, social, and environmental impacts to production forests
worldwide. In the case of Coed Llandegla, a 650 ha mostly Sitka spruce (Picea sitchensis)
forest in north Wales, public use of the forest for mountain biking rose from a handful
of competitive events in the late 1990s to over 200,000 visits per annum today, through
dedicated trail building. Contractors were hired to create trails, and a visitor centre created
20 local jobs with over £1m per annum turnover from visitors [139]. Similar examples
can be seen in New Zealand, most notably in Auckland Forests, Tangoio Forest, the
Whakarewarewa Forest, Christchurch Adventure Park, Ben Lomond and Codgers [14,16,68].
All these forests are near to larger urban centres, attracting a pool of local riders and those
visiting at weekends.

In 1974, Rennison stated “It has indeed been claimed that if Whakarewarewa were
managed for tourism and recreation it would be more profitable than managing it for wood
production” ([93] p. 70), a proposition later proven in an economic study from 2012 [115],
estimating an annual worth of NZD 10.2 million from mountain biking activity, and
predicting biking revenues in the Whakarewarewa Forest could rise to even be five times
the value of timber production [72]. A similar economic study from the same period showed
indirect benefits of mountain biking to the local Rotorua economy amounted to NZD 33
million (RDC, 2006 in [137]). A related report shows that cycle tourists (mostly mountain
bikers) in Rotorua spent about 52% more than average tourists (i.e., NZD 3800/stay and
NZD 2500/stay, respectively) [140]. More recently, Nelson’s regional mountain biking
trails accounted for NZD 17.1 million in revenue in 2018, and mountain biking enterprise
employed 211FTEs; however, by 2028, total annual economic impact for the region is
forecast to be NZD 39.5 million in GDP and the total employment of 538 FTEs [14]. Planted
forests maintained for commercial harvest therefore may offer a complementary tourism
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economy resource to our national parks, while allowing for more adventurous cycling, but
require different management than parks [41] for the safe and enjoyable accommodation of
bikes and riders while continuing production forestry.

5.1.2. Managing Risk

A number of known risks exist for the forest manager in relation to permitting moun-
tain biking activities [2]:

(a) Social risks that develop due to use conflict between groups of users;
(b) Physical risks to the trees, soil and water from mountain biking activities;
(c) Safety and security risks due to presence of riders in an operational forest.

The likelihood for use conflict has increased where the number of riders and/or other
recreational users has grown [2,17,51]. Recreational use of production plantation forests
in the early 1990s was low, so mountain bikers were less likely to encounter use conflict
with other recreationists. Still, Kennett et al. [76,77,121] does note incidences of use conflict
between mountain bikers and motorised sports, hunters and fishermen [77], particularly
where both were using the forest roads and 4WD tracks. Forest managers contributed
to the legitimacy of mountain biking in the community through partnering with clubs
and leading mountain bike development. The U.S. Forest Service had a similar effect by
partnering with the IMBA and local clubs to encourage managed track development [141].

We found that trade-offs occur in shared use areas; for example, the Southland District
Council advocated both hikers and mountain bikers avoid forested areas during peak
hunting season [118]. The promotion of a mountain biker code [47] that promotes respect
for the environment, landowner and other users and club affiliation may lessen use conflict.

Physical risks include soil erosion and compaction, disruption of soil structure, vegeta-
tion loss, bark loss and root disturbance, nutrient flow into waterways, and the introduction
and spread of weeds and pathogens [41,60]. Several studies [2,4,25,41,50,51] have shown
that mountain bikers consider the impact of their activity to be lower than what other
users perceive as the impact. While the impact of mountain biking on flat dry trails is
similar to walking [51], introducing speed, slopes and wet conditions can exacerbate rid-
ers’ impacts [41,61–63,142]. Land managers have found the impacts to the landscape are
reduced through observing the Mountain Biker’s Code and development of dedicated
mountain bike tracks [4,121]. However, the environmental impacts vary greatly depend-
ing on whether the tracks are wild/natural routes, or hand-dug, or highly mechanised
machine built [79]. The sheer number of riders on the trails now makes mountain biking
an intensive sporting activity in some production forests (e.g., Esk/Tangoio, Woodhill,
Whakarewarewa). While the largest impact on the forest environment from mountain
biking occurs during track building, competitive racing is thought to have greater impact
than recreational biking, particularly as race events are not postponed due to wet condi-
tions, and the faster speed coupled with tighter cornering can cause ruts and increased soil
compaction [2,4]. Pickering et al. [82] suggests that informal trail development has a similar
impact to hardened trails, though hardened trails may be effective in lessening damage on
sloped or wet areas of track. Manmade jumps and downhill challenges are common in race
conditions, and greater damage is likely from the downhill trails, which are often located in
steeper exotic planted forest areas. Forest managers can manage mountain biking impacts
through legislation and education [17,41].

Increasing recreational visits increases the risk of conflict between forest operations
and riders that results in injury, but increasing recreational visits may also mitigate criminal
activity. Rennison [93] noted that during the 1950s and 1960s, in response to a large
fire event of 1946 forest managers removed all public access to exotic forests, issuing
trespass notices at the forest gate and prosecuting those who entered unauthorised. Casual
visitors were viewed at that time as a great danger to the planted forests. In contrast,
today several forest managers see that providing public access can in fact reduce risks,
as there are a greater number of lawful users to report on illicit activity, or able to note
emergencies and smoke. Most forest managers control public access to their forested estate
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for recreational purpose, usually managed via a permitting system, or a security firm.
Other forest managers work in league with local clubs to jointly manage access, manage
safety plans, and to provide information and support so that local riders are educated
about best practice and any owner concerns around the use of their forested resource for
mountain biking is discussed and rectified. Some regions have implemented governance
and management groups for overseeing the mountain biking trails, as a collaborative
community, landowner and sporting club partnership.

Forest managers’ response to risks include signage in the forest entrances, and on both
forest company and local club websites outlining access and any areas where poison bait
(for pest control) or tree felling is occurring or scheduled; making forest maps available
to the public, indicating trails that are for mountain biking, and roads or tracks that do
not have access for biking; allowing access only by permit, or selling maps (most proceeds
are used to maintain tracks); and restricting access during fire seasons or only allowing
afterhours access during weekdays when the forest compartment is operational.

5.2. Forest Management Implications

Commercial forests in New Zealand have become an important recreational resource,
and recreational needs are now being accommodated alongside production requirements.
Forest policies and management must accommodate a growing social desire to recreate in
local forests, particularly from mountain bikers. The introduction of mountain biking adds
to the responsibilities of managing a commercial forestry operation, placing an impetus on
forest managers to provide safe access for an increasing population of recreational users,
while continuing production operations. The introduction of the FSC and forestry reporting
under the Montreal Process are driving social and environmental responsibilities with
respect to production plantation forest management [137,143]. Even if no legal contractual
obligation is present, a growing social contract to the surrounding community, coupled with
an increasing public desire to access the exotic forests in their locality, may require forest
managers (particularly where forests are located close to urban centres) to actively manage
and implement policies which accommodate recreational mountain biking access [144,145].

Recreation is compatible with production forestry with potential to enhance forest
revenue. Local government bodies throughout New Zealand are increasingly developing
bike parks in small-scale plantation forests owned by the local council. In some cases, a
small fee for access and the establishment of dedicated track networks have seen exponen-
tial growth in recreational bikers entering the forest area. This growth has also given a
boost to the local hospitality and retails, as well as mountain bike ventures such as shuttle
services and bike repairs [14]. Forest managers now have the view that mountain biking
has the potential to be a valued resource. While economic studies have estimated the
value of recreation [115,146], determining preferences and use behaviour is important in
determining what the public want and what is drawing them to recreate in a specific way.
Making this model work economically demands that recreational use must be managed
alongside an operational forest. In some cases, partnering with international investors
has helped local governments to provide world-class commercial mountain bike parks
in their forested estates. Having so much public experience of biking in a commercial
plantation setting provides “a superb shop window, showing how wildlife can thrive and people
can enjoy themselves within an economically productive plantation” [139], p. 2. Cooperating in
the design of trails with local volunteer enthusiasts may provide similar public relations
benefit to the forest sector [49]. Engagement with mountain bikers is paramount, not only
for track building, but in wider aspects of forest management, such as land tenure change,
finding ways to incorporate changing rider expectations from tracks, and to identify the
most optimal areas of the forest for future track developments to avoid erosion-prone fall
zones or note areas that might require additional wildlife and stream protection due to
increasing track use [75,147].

In the 1970s, mountain biking was not part of planning and management for produc-
tion forest plantations. Bignell [55] states that most forest-based recreation in New Zealand
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was limited to half-day family exploration for short walks and picnics. How things have
changed since 1981, when he noted “there is not a requirement to provide “highly exciting”
opportunities for recreational pursuits. Whilst a small segment of the population may enjoy this
form of recreation, there is a considerable majority which does not.” (p. 402). Spellerberg [138]
stated that there were “few requirements to provide for amenity or landscape issues” (p. 21)
in the management plans of production forests. The provision of recreation needs to be
planned for, and public users educated around both the environment they are using, and
best biking practices to adopt while recreating to avoid negatively impacting the forest
ecology or potential production return. Determining attitudes to landscapes and recre-
ational use behaviour is important in determining what the public want from the forest
environment, what is drawing them to recreate in this landscape over other options. Gath-
ering knowledge of this nature will help to determine the potential of a forested estate
for various recreational pursuits and assist in the identification of areas suitable for track
design and development.

In incorporating recreational facilities and trails within their forests, it is important that
forest managers also look to the future, and account for demographic trends and emerging
recreational behaviours as potential drivers of the future recreational activities in forested
environments. Forest planners need to plan road and trail access, and construct forest
blocks that can accommodate the needs of forest users both now and in the future.

There is also a lack of sufficient data and models concerning recreation and amenity
values within forests to assist in investment decisions and forest planning for the incorpora-
tion of multiple values into forest management plans. The carrying capacity of production
forests should be determined, in terms of balancing ecological and social requirements,
while maximising production returns [47].

Experience shows that potential visitation rates of large commercial adventure parks
can grow 10-fold within a year [118], compounding the need to plan and manage the
resource sustainably. Forest managers we surveyed noted the rising trend of electrically
assisted (e-bikes) bikes in their forests. E-bikes provide a new set of challenges for forests
managers because of their speed and range [37]. In addition to the anticipated growth from
an increased population base and local tourism, these technologies enable a greater number
of potential cyclists to enter commercial forests.

Models and research data that increase understanding of how these multiple use
complexities can best be incorporated into forest management policies could maximise the
returns to forest owners. Incorporating mountain biking (and other) recreational pursuits
is highly desirable, especially if best practice learnings can be incorporated into forest
standards or management principles.

6. Conclusions

Results from the database of mountain biking presence and access conditions, review
of annual forest management plans and analysis of the recent survey of forest managers
show key trends in forest management to accommodate the sport of mountain biking. It is
most notable that forest management plans have moved towards incorporating a statement
regarding recreation and community access, and that mountain biking access is now being
separated out in annual reporting from other recreational activities.

Consideration of policies, partnerships and processes for managing active recreational
pursuits such as mountain biking has become an essential global aspect of forest man-
agement. There has been a long trend in New Zealand production plantation forests
towards increased forest access, particularly in smaller forests near urban centres. Most
forest management plans already include environmental and ecological management, and
a growing number discuss community partnerships. Developing healthy relationships
between forest managers and recreational stakeholders will be essential when drafting
future forest management plans.
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Forest managers are facing a growing recreational presence in their forests. While
increased cyclists pose some risks to managers, mitigation strategies exist to ensure produc-
tion forestry can continue to have a healthy association with mountain biking.
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