
Article

Recreational Services from Green Space in Beijing: Where
Supply and Demand Meet?

Tianyu Chen 1, Yu Zhao 1, He Yang 1, Guangyu Wang 2 and Feng Mi 1,*

����������
�������

Citation: Chen, T.; Zhao, Y.; Yang, H.;

Wang, G.; Mi, F. Recreational Services

from Green Space in Beijing: Where

Supply and Demand Meet? Forests

2021, 12, 1625. https://doi.org/

10.3390/f12121625

Academic Editor: Yaoqi Zhang

Received: 8 October 2021

Accepted: 21 November 2021

Published: 24 November 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 School of Economics and Management, Beijing Forestry University, Beijing 100083, China;
chentianyu@bjfu.edu.cn (T.C.); zyyeei@163.com (Y.Z.); yangheslf@163.com (H.Y.)

2 Faculty of Forestry, University of British Columbia, Vancouver, BC V6T 1Z4, Canada; guangyu.wang@ubc.ca
* Correspondence: mifengsun@163.com; Tel.: +86-010-62338464

Abstract: Green space, mainly forests, shrubs, and grasslands, provides essential ecosystem services
for human well-being. Based on multi-source data and using the Maximum Entropy model and
Geographical Information System (GIS) tools, this research comprehensively assesses the supply and
demand of recreational services from green space in Beijing. The supply of recreational services in
Beijing is influenced by natural and human factors, showing large spatial variability. The supply level
of mountainous areas with good natural geographical conditions and intact ecological landscape is
significantly higher than that of plain areas with reduced vegetation and overexploitation. Residents
have a high demand for recreational services in green space landscape and low demand in non-
green space landscape. The quantitative balance pattern of supply and demand varies greatly, and
most areas show the state of undersupply. The spatial matching pattern of supply and demand
varies significantly too, and the mismatch is apparent. Spatial allocation should be more carefully
considered than the aggregated supply and demand. Differentiated development strategies such as
ecological reshaping, ecological development, restoration, and protection should be implemented for
different areas in the future of planning and management in urban green areas. This will optimize
and balance the supply-demand matching pattern for recreational services and promote the effective
improvement of ecosystem service functions and residents’ ecological welfare.

Keywords: green space; recreational services; supply-demand matching; Maximum Entropy model;
political ecology; Beijing city

1. Introduction

Green space plays an important role in improving the living environment for residents
and maintaining the balance of the urban ecosystem [1,2]. The rapid development of
modern cities has led to increasing demand for leisure and recreational resources and
deterioration of the living environment. People have an increasing desire to access and be
close to nature.

The recreational services provided by green space are of great significance to improve
the welfare of the residents [3]. Cultural services represented by recreational services are
mainly non-material benefits arising from human-ecosystem relationships. They cannot be
considered as priori products of nature but rather as relational processes that people actively
create, express, and transform through interactions with ecosystems [4]. Therefore, it is
hard to quantitatively evaluate recreational services [5]. Existing studies have mostly used
monetization methods such as the willingness-to-pay method [6], conditional valuation
method [7], and travel cost method [8] to quantitatively evaluate the supply and demand
of recreational services. Unfortunately, these methods might not pay adequate attention
to geographic conditions and could not reveal information on the spatial distribution of
the supply and demand, or the interaction between socioeconomic context and physical
geographic features.
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Ecosystem services are usually public goods and common resources which make
the supply and demand difficult to meet by market mechanisms. Recreational services
from green space are usually provided by public financial sources, and how the costs
and benefits are shared is essential in city planning and political dialogue. For example,
we cannot simply ask suburban and rural areas to bear the costs to provide the services
mostly demanded by the urban residents. The livability of modern cities depends to a
large extent upon urban and peri-urban ecosystems and their services and emphasizes that
these services are not only a gift of nature but also provided with costs [9]. Urban political
ecology refutes the traditional dichotomy of city and nature. It argues that urban ecosystem
services do not only exist outside, but they are also entwined with urban social and political
processes [10–12]. Therefore, political ecology researchers focus on using historical and
geographic approaches to research natural-social phenomena. They pay particular attention
to studying who benefits, who pays, and equity among stakeholders [13].

Recreational services from green space are usually location specific and cannot be
moved spatially. Analysis of aggregated supply and demand is less meaningful. Interaction
between supply and demand for ecosystem services should pay attention the spatial
distribution of environmental resources [14]. As a typical ecosystem cultural service,
spatial matching of supply and demand is very important for improving residents’ welfare.
Many scholars have conducted research in the related area; Burkhard et al. constructed
the first supply-demand balance and relationship matrix for ecosystem services [15]; Baró
et al. used spatial mapping to analyze the spatial and temporal characteristics of supply
and demand for two types of ecosystem services (air purification, outdoor recreation) [16].

This study intended to use geographic information data, POI (Point of Interest) data
and visual survey data and construct the Maximum Entropy model to assess and simulate
the supply and demand of recreational services from green space in Beijing. The spatial
pattern analysis was conducted using GIS tools to identify the supply-demand matching
condition. The analysis was combined with the socioeconomic and physical geographic
characteristics of different regions to reveal the interrelationship and conflict between
nature and society.

2. Materials and Methods
2.1. Study Area

Beijing located in the northern area of China and is the political and cultural center
of the country. Beijing has 16 administrative districts (Figure 1a) with a total area of
about 16,410 km2. In 2019, Beijing had a resident population of about 22 million with an
urbanization rate about 87%. The GDP per capita is about USD 25,719.7.

Forests 2021, 12, x FOR PEER REVIEW 3 of 16 
 

 

    
(a) (b) 

Figure 1. The administrative divisions map (a) and DEM (b) of Beijing. 
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There is a strong demand for recreational services from green space, but the services are
mainly allocated to suburban and mountain areas where it is less populated. How to match
the supply and demand is very important. To explore this issue in depth, based on Digital
Elevation Model (DEM) data (Figure 1b), the study area was divided into mountainous
and plain areas according to the urban development plan of Beijing, using 100 m above
sea level as the dividing line. The mountainous areas were further subdivided into low
mountain areas (elevation from 100 to 300 m) and high mountain areas (elevation >300 m).

2.2. Data Collection
2.2.1. Image Acquisition

Land use data and Digital Elevation Model (DEM) data for Beijing were downloaded
from the Resource and Environmental Science and Data Center of the Chinese Academy
of Sciences (http://www.resdc.cn, accessed on 10 September 2020). The Land use data
was generated based on the Landsat 8 remote sensing images by visual interpretation with
a spatial resolution of 30 m; the DEM data were generated based on the SRTM (Shuttle
Radar Topography Mission) V4.1 data by resampling with a spatial resolution of 30 m.
Vector data of roads, rivers, and lakes in Beijing were downloaded from the National
Geographic Information Public Service Platform (http://www.webmap.cn, accessed on
10 September 2020).

Using ArcGIS 10.2 (ESRI, Redlands, CA, USA) as the operating platform, all layers
were extracted to the same extent according to the Beijing city boundary and projected
to the GCS_WGS_1984 coordinate system. The raster size was set to “30 m × 30 m” and
converted to ASCII data format.

2.2.2. POI Data Extraction

Point of Interest (POI) is a geospatial data that represents a real geographic entity and
contains information such as name, location, and category. POI data have been attempted
to assess and map cultural ecosystem services supply of farmlands [17]. The POI data
used in this research were extracted from Baidu Maps (https://lbsyun.baidu.com, accessed
on 5 August 2020). Baidu Maps divided the POI data into two levels; the first level
industry classification corresponds to industry categories, and the second level industry
classification corresponds to geographical entities. According to the original classification
of POI, the tags “park”, “scenic area”, “attraction”, “wetland”, “mountain”, “Lake” etc.,
which are related to recreational services, were selected.

Based on these tags, OSpider_v3.0.0 (https://github.com/skytruine/OSpider, ac-
cessed on 5 August 2020) was used to extract POI data from Baidu map. The accuracy of
data extraction was limited by the size of the area. The larger the area, the more POI data
was missing. Therefore, this study improved the quality of data extraction by setting the
initial grid and quadrant threshold. After data cleaning and coordinate conversion and
other preprocessing work, we extracted 2477 valid POI data of recreational services.

2.3. Assessment and Mapping the Supply Based on the MaxEnt Model

The Maximum Entropy (MaxEnt) model was used to derive the species’ niche require-
ments and potential geographic distribution through inductive or simulation analysis of
mathematical models. The MaxEnt model can output the probability distribution of an
object by exploring the relationship between a set of environmental grids and the location
of a given observation point [18]. The greatest advantage of the MaxEnt model is the ability
to model presence-only data and to establish complex non-linear relationships between
the independent and dependent variables [19]. It is also believed to be robust with small
sample sizes [20]. Currently, the MaxEnt model is beginning to be tried by researchers to
assess the social value of natural landscape [21].

The area under the curve (AUC) of the receiver operating characteristic is widely
used to estimate the predictive accuracy of the MaxEnt model. The following criteria
are used to judge the accuracy of forecasts: the value of AUC ranges from 0 to 1; 0.9 <

http://www.resdc.cn
http://www.webmap.cn
https://lbsyun.baidu.com
https://github.com/skytruine/OSpider
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AUC ≤ 1 means good effect; 0.7 < AUC ≤ 0.9 means moderate effect; 0.5 < AUC ≤ 0.7
means poor effect [22,23].

To avoid the influence of human or non-green spatial landscape elements on the
supply in the urban green space, the scope of this study is based on the composition of
land cover types, including woodlands, grasslands, croplands, wetlands, and other green
spatial landscape types. The built-up areas such as urban and rural areas, industrial and
mining areas, and residential areas (especially concentrated in the central area of Beijing)
are excluded.

Nine correlative variables containing natural and human factors (Table 1) were in-
cluded in the model to map the supply of recreational services. These variables were
chosen based on their relationships with ecosystem services supply, as has been demon-
strated in previous studies [17,21,24–26]. The MaxEnt model was applied to the POI and
the correlative variables to predict the suitability (probability) of the distribution of POI
(values between 0 and 1) in plain areas and mountainous areas to characterize the supply
of recreational services.

Table 1. Correlative variables.

Type Variable Connotation Method Study Area

Natural contig Degree of contiguity of patches
Calculated based on the

perimeter and area of the
patches [27,28]

Mountainous areas/Plain areas

shape Complexity of shapes of patches
Calculated based on the

perimeter and area of the
patches [27,28]

Mountainous areas/Plain areas

dem Terrain condition (elevation) Extracted from Digital
Elevation Model [21,26] Mountainous areas/Plain areas

d_water Distance to the nearest water bodies Euclidean distance [25,29] Mountainous areas/Plain areas
de_moun Density of mountain summits Density Analysis [25,26] Mountainous areas

Human d_center Distance to the city center Euclidean distance [17,30] Plain areas
d_hotel Distance to the nearest hotel Euclidean distance [17,27] Mountainous areas/Plain areas
d_road Distance to the nearest road Euclidean distance [29,30] Mountainous areas/Plain areas
dc_grs Accessibility to scenic spot Cost distance [17,25] Mountainous areas/Plain areas

MaxEnt model results were imported into ArcGIS 10.2 software for processing: firstly,
the supply was divided into high supply (p > 0.60), medium supply (0.35 < p ≤ 0.60), and
low supply (p ≤ 0.35), according to the natural breaks method; then, the supply distribution
map was drawn.

2.4. Assessment and Mapping the Demand Based on Visual Surveys and GIS Tools

The visual survey method is used to enable respondents to perceive the graphic (or
visual) information provided by the actual environment under non-actual conditions through
the presentation of visual images, to obtain respondents’ perceptual evaluation of a particular
environment [31]. This research used a visual survey method to design a questionnaire to
obtain residents’ perceived evaluation of recreational services. The survey results were used
to characterize the demand for recreational services. Based on the survey of land-use types
in Beijing, this research combined the characteristics of different landscape types and the
characteristics of residents’ demand to determine 21 landscape types (Table 2).

Representative photos of 21 landscape types were selected from Baidu Street View
Map to set up the survey questionnaire. The pictures were shown to the respondents in
random order during the survey. Respondents were asked to answer the question: Your
recreational desires for different landscape types? (Rating from 1–10). A score of 1 indicates
the lowest demand; a score of 10 indicates the highest demand. The mean score of the
responses was used as an indicator of the demand for recreational services in different
landscape types.
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Table 2. Landscape types.

Green Space Landscape Types Non-Green Space Landscape Types

Deciduous broad-leaved forests Cities
Deciduous coniferous forests Villages

Mixed conifer-broadleaved forests Downtown streets
Shrubs Residences

Orchards Wastelands
Montane grasslands Bare rocks

Urban grasslands Abandoned quarries
Urban parks

Wetlands
Rivers
Lakes

Reservoirs
Drylands

Paddy fields

Based on the results of the visual survey, this research used the ratio of the average
perception score to the full score (values between 0 and 1) of each landscape to represent
the status of residents’ recreational demand. The natural break method was used to classify
the residents’ demand into three categories: high demand (Value > 0.72), medium demand
(0.57 < Value ≤ 0.72), and low demand (Value ≤ 0.57). Finally, this research combined
demand status data and land use data to map the demand distribution.

The visual survey was conducted by the research group in Beijing from October to
November 2020. The survey was divided into two forms: field survey and online survey.
The sites of the field survey were Temple of Heaven Park, Olympic Forest Park and other
large urban parks with many residential areas nearby, so that sufficient samples of residents
could be obtained. A total of 1000 questionnaires were distributed, 528 questionnaires were
collected, and 510 valid questionnaires were obtained. The recovery rate of the question-
naires was 52.80%, and the effective rate was 96.59%. The demographic characteristics of
the sample are shown in Table 3.

We compared the indicators in our sample data with the average values of these
indicators for the entire Beijing region. In the research sample, 52.94% were female and
47.06% were male; 59.41% aged 18–35, 35.49% aged 35–59 and 5.10% aged 60 or older. The
results of Seventh National Population Census of Beijing show that 51.1% of the resident
population in Beijing is male and 48.9% is female; 68.5% aged 15–59 and 19.6% aged 60 or
older. The comparison shows that the indicators of the sample data are close to the average
level of Beijing. The reasons for the small sample size of older adults are as follows: The
field survey was limited by cold weather and communication barriers, resulting in a small
sample of people aged 60 and older. In addition, the quality of questionnaire responses
from older adults was low due to low literacy and communication barriers, thus many
older adult samples were excluded from the questionnaire screening. Thus the sample
remains broad and representative.

The reliability and validity statistics of the questionnaire (Table 4) showed that the
Cronbach’s Alpha value was 0.918 > 0.9, the KMO value was 0.926 > 0.9, and Bartlett’s
Test of Sphericity was significant at 1% level, indicating good reliability and validity
of the questionnaire.
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Table 3. Demographic characteristics.

Category Number Percentage (%)

Gender
Male 240 47.06

Female 270 52.94
Age

18–24 124 24.31
25–34 179 35.10
35–44 106 20.78
45–59 75 14.71

60 and higher 26 5.10
Education

High school or below 40 7.84
Vocational/technical degree 55 10.78

Bachelor’s degree 240 47.06
Master’s degree or above 175 34.31

Career
Ordinary staff 98 19.22

Services practitioner 18 3.53
Enterprise manager 43 8.43

Self-employed person 30 5.88
Civil servant 25 4.90

Science, education, culture,
and health practitioner 110 21.57

Student 132 25.88
Retired 25 4.90
Other 29 5.69

Monthly income
Less than USD 548.5 117 22.94

USD 548.5–783.6 101 19.80
USD 783.6–1253.7 151 29.61

USD 1253.7–2350.7 122 23.92
USD 2350.7 19 3.73

Table 4. Reliability and validity statistics.

Statistic Value

Cronbach’s Alpha 0.918
KMO (Kaiser-Meyer-Olkin) 0.926

Bartlett’s Test of Sphericity Approx. Chi-Square 6135.490
Df 210

Sig. 0.000

2.5. Assessment and Mapping the Supply-Demand Matching Pattern Based on Statistical Analysis
and GIS Tools

In this research, the supply-demand ratio (SDR) of recreational services [32] was used
to describe the quantitative balance between the supply and demand.

SDR =
S − D

(Smax + Dmax)/2
(1)

where SDR is the supply-demand ratio: SDR = 0 indicates that the services are supply-
demand equilibrium; SDR > 0 indicates that the services are oversupplied; SDR < 0
indicates that the services are undersupplied. S is the score (from 0 to 1) of POI suitability
(probability) which is used to represent the supply; D is the perception score of landscapes
(from 0 to 1) which is used to represent the demand; Smax is the maximum values of supply
and Dmax is the maximum values of demand, using ArcGIS 10.2 to visualize the calculated
supply-demand ratio data to obtain the supply-demand quantity matching map.
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To clarify the spatial matching of the supply and demand, Z-score method was
introduced to standardize the data and become binary classified to reflect the spatial
matching of the supply and demand: positive values represent high supply/demand,
negative values represent low supply/demand. The formula is as follows:

x =
xi − x

s
(2)

x =
1
n

n

∑
i=1

xi (3)

s =

√√√√ 1
n

n

∑
i=1

(xi − x)
2

(4)

where x is the standardized value of supply/demand; xi is the value of supply/demand on
the ith raster; x is the mean value of supply/demand in the study area; s is the standard
deviation of supply/demand in the study area; n is the total number of rasters in the study
area. Using ArcGIS 10.2 to overlay the standardized supply and demand data spatially to
get the supply-demand spatial matching map.

3. Results
3.1. Supply of Recreational Services from Green Space

The MaxEnt model results showed that the AUC values of the models were all greater
than 0.7, indicating that the prediction results were good. In mountainous areas, the AUC
value of the validation set was 0.826 and the AUC value of the training set was 0.703
(Figure 2a); in plain areas, the AUC value of the validation set was 0.868 and the AUC
value of the training set was 0.823 (Figure 2b).
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Figure 2. ROC curve verification of MaxEnt prediction in mountainous areas (a) and plain areas (b).

The analysis of correlative variables’ importance showed that: in mountainous areas,
the correlative variables with the highest AUC values were d_hotel (0.765), de_moun (0.703),
and d_water (0.625). In plain areas, the correlative variables with the highest AUC values
were contig (0.824), d_center (0.793), and shape (0.780). These variables had a good fit to
the data and contained more valid information [33]. They played an important role in
simulating and assessing the distribution of the supply.

The supply of recreational services in Beijing is highly differentiated spatially (Figure 3a)
due to a combination of human and natural environmental factors such as topography, ecosystem
type, transportation network, and infrastructure. The area of medium and high supply only
accounted for about a quarter of the total area of the study area. They were mainly distributed
in the transition zone between mountainous areas and plain areas, the ecological subzone of
deciduous broad-leaved forests in the northern Yanshan Mountains, and a few in the edge of the
central urban areas. In terms of spatial distribution, the supply level of mountainous areas with
good natural geographical conditions and intact ecological landscape is significantly higher than
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that of plain areas with reduced vegetation and overexploitation. The mountainous areas have
a high supply in the north and a low supply in the west and southwest. The medium-supply
area is mainly in the transition zone between mountainous areas and plain areas. The plain areas
have low-supply areas of recreational services overall in space.
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3.2. Demand for Recreational Services from Green Space

The results of descriptive statistics (Table 5) showed that the highest perceived evalua-
tion by residents was the park landscape, followed by the water landscape (represented by
wetlands, lakes, etc.), and the forest landscape (represented by deciduous broad-leaved
forests and mixed coniferous forests). Overall, residents had a higher evaluation of green
space such as parks, forests, grasslands, and landscape containing green space elements,
indicating a higher demand for recreational services in such landscape types. On the con-
trary, residents had a lower evaluation of non-green space landscape such as cities, streets,
wastelands, etc., indicating that residents had lower demand in such landscape types.

In this study, three principal components (eigenvalues > 1) were successfully screened
by using principal component analysis, and the cumulative contribution reached 61.41%
(Table 6). Among them, the contribution of the first principal component (water landscape)
to the total variance was 39.54%; the contribution of the second principal component
(forest landscape) to the total variance was 14.46%; the contribution of the third principal
component (parkland landscape) to the total variance was 7.41%. This once again verified
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that residents had a high demand for green space landscape types such as water bodies,
forests, and parks.

Table 5. Descriptive statistical results of the landscape types’ perceived value.

Landscape Types Mean Std.

Urban parks 8.029 1.914
Lakes 7.980 1.910

Wetlands 7.933 1.918
Reservoirs 7.851 2.007

Deciduous broad-leaved forests 7.812 2.208
Rivers 7.561 2.150

Paddy fields 7.506 2.168
Mixed conifer-broadleaved forests 7.476 2.317

Deciduous coniferous forests 7.394 2.279
Urban grasslands 7.327 2.160

Orchards 7.075 2.230
Montane grasslands 7.059 2.188

Villages 6.535 2.286
Shrubs 5.712 2.408

Residences 5.647 2.789
Cities 5.341 2.565

Drylands 5.190 2.434
Downtown streets 4.463 2.607

Bare rocks 4.055 2.572
Abandoned quarries 3.498 2.733

Wastelands 2.708 2.219

Table 6. The results of principal component analysis.

Component Eigenvalue Variance (Unit: %) Cumulative (Unit: %)

1 8.304 39.54 39.54
2 3.037 14.46 54.00
3 1.556 7.41 61.41
4 0.901 4.29 65.70
5 0.834 3.97 69.67

. . . . . .
20 0.225 1.07 99.05
21 0.199 0.95 100.00

The regional variation of residents’ demand for recreational services was obvious
(Figure 3b). The medium- and high-demand areas were distributed in the deciduous
broadleaf forest ecological zones in the southwest and northeast of Beijing and areas near
rivers (Chaobai River, Yongding River, and Wenyu River, etc.). The low demand areas
were concentrated in the plain areas, and a small portion was distributed in the western
part of the mountainous regions (ecological zones of forest, farmland, and grassland in
the intermountain basin of the upper Yongding River). The natural attributes of the green
space were the main factors affecting the demand distribution.

There were large areas of natural forests and reserves concentrated in mountainous
areas, with rich biodiversity, a well-functioning ecosystem, and pleasant climate condi-
tions. Thus, residents had higher recognition of the green space and higher demand for
recreational services. Forests were scattered in small parts of the plain. Agro-ecosystems
accounted for the largest proportion of the plain area, but the quality of agro-ecosystems
was low and could not provide satisfying recreational experiences. Therefore, the residents’
recognition of the green space landscape on the plain area was low, and the demand
was also low.
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3.3. Quantitative Balance and Spatial Matching of the Supply and Demand

The distribution of the supply-demand ratio was shown in Figure 3c. The grad-
ual change from yellow to blue in the figure represented the transition from undersup-
ply to oversupply.

In general, the quantitative balance of supply and demand in different regions varied
greatly. The supply-demand ratio in most areas was negative (appearing as yellow green),
indicating that recreational services in Beijing were mostly undersupplied. The balance
of supply and demand in plain areas was good, mainly because the plain area is mainly
agricultural area with poor recreational function and low supply, but the residents’ demand
for recreational services from agricultural landscape was also low. In contrast, the balance
of supply and demand in mountainous areas varies widely primarily because mountainous
areas were topographically variable and species-rich, a diverse landscape pattern, and had
a differential supply. Residents also have different demand for recreational services in
different landscape types such as forests, wastelands and rocks.

Oversupply of recreational services was mainly located in the transition zone from
plain areas to mountainous areas and northern areas. In particular, the supply-demand
ratio in the northern region of Beijing was the highest because this region was an important
ecological barrier of Beijing, with a lot of high-quality green space landscape and modern
infrastructure providing the recreational services. The residents’ demand was relatively
low, as there are abundant opportunities available to access nature.

The supply-demand ratio in the southwestern edge of Beijing was the lowest, suggest-
ing undersupplied recreational services, primarily because the regional natural environ-
ment was severely damaged by the past mining [34] and the poor recreational infrastructure,
resulting in poor innate resources for recreational services. In contrast, there is a strong
demand for recreational services by the residents.

The spatial overlay function of ArcGIS 10.2 was used to create a spatial matching
map (Figure 3d). The study area could be divided into region I (low supply-low demand),
region II (low supply-high demand), region III (high supply-low demand), and region IV
(high supply-high demand). The figure showed that the spatial matching pattern of supply
and demand varied significantly. Regions II and IV were supply-demand mismatching
areas, accounting for about 32 and 12% of the study area, respectively. Region I and region
III were supply-demand matching areas, accounting for about 29 and 27% of the study
area, respectively. The specific information of each type of region was shown in Table 7.
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Table 7. Spatial matching type distribution of the supply and demand.

Regions Location Demand
Characteristics

Supply
Characteristics Causes of the Matching/Mismatching

I

The southeastern
plain area and the

area near the
Baimaguan River

wetland in the
north.

Low
supply

Low
demand

The single type of ecosystem and high landscape
homogeneity were the main reasons for the low

supply-low demand pattern. In addition, the
southeastern plain area is mainly construction area

and agricultural area with poor recreational function
and low supply. The area near the northern

Baimaguang River wetland was an important water
source protection area where recreational resources

development was restricted. Residents also had a low
demand for recreational services with a single type of

green space.

II

The high mountain
areas (elevation

>300 m), including
the southwestern

edge, the
north-central region.

Low
supply

High
demand

The green space landscape in high mountain areas
had abundant and high-quality recreational resources,
which greatly attracted the residents’ willingness for

recreation. However, the complex topography,
incomplete infrastructure, and distance from urban

areas limited the supply in these areas.

III

The low mountain
areas (elevation

from 100 to 300 m),
and the edge of the
central urban areas.

High
supply

Low
demand

Such areas were concentrated in the vicinity of green
space landscape with convenient transportation,

good infrastructure, and high supply. However, the
ecological damage caused by the overexploitation of
recreational resources had reduced the willingness of

residents to recreation.

VI

The northern
mountainous areas,
the edge of the low

mountain areas, and
the edge of the

central urban areas.

High
supply

High
demand

The high-quality natural geographic resources and
convenient infrastructure of such areas provided the

conditions for supply-demand matching. The
northern mountainous region had the largest area of
natural forests in Beijing. The forest ecosystems of the
region were intact and rich in biodiversity, providing
a diverse range of landscape and ecological services.
The residents had a strong demand for recreational

services from green space landscape.

4. Discussion and Conclusions
4.1. Assessment and Mapping of Recreational Service from Green Space

The MaxEnt model was applied for the first time to assess and map the supply of
recreational services from green spaces. Some studies have indicated that the MaxEnt model
can provide robust results in assessing and mapping the supply of cultural/recreational
services of landscapes [21,29] and farmlands [17]. Based on the MaxEnt model, this study
collects POI points related to recreational services from green space and selects variables
related to human and natural factors to assess and map the supply of recreational services.
The AUC values of the models all exceeded 80%, again proving that the models possess
good accuracy. Our research results reveal how human and natural factors affect the
supply of recreational services from green space in Beijing. In general, natural factors
have a dominant role in the supply of recreational services. Mountainous areas with
higher peak densities, closer proximity to water bodies and accommodations have a higher
recreation service supply capacity. Plain areas with high patch aggregation and patch
shape complexity closer to city centers have a higher supply of recreational services. The
application of the MaxEnt model also faces some limitations. For example, POI data
are usually provided by map service platforms, and the completeness of POI data is
limited due to platform limitations and untimely updates [35]; the selection of human
and natural factors is mostly subjective, and their scientific validity needs more studies to
confirm [17,25]. Since the MaxEnt model obtains robust results even for small samples [20],
it is clear the selection of relevant factors is more restrictive for this method to be applied.

Understanding which landscapes are more socially preferred has important impli-
cations for urban ecosystem resource management [36]. Questionnaires or interviews
are commonly used in current cultural ecosystem service needs assessments [37,38]. The
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selection and evaluation of recreational environments are mainly based on aesthetics and
naturalness [39,40]. Visual surveys allow respondents to visualize the aesthetics and natu-
ralness of different landscapes [36,41]. Therefore, this study uses a visual survey method
to design a questionnaire to obtain the residents’ demand for recreational services from
green space. The study found that residents have a higher demand for recreational services
in green space landscapes (forests, grasslands, wetlands, etc.), but a lower demand for
recreational services in non-green space landscapes (streets, wastelands, bare rocks, etc.).
Existing studies have also found that watershed wetlands and forests are important deter-
minants of recreational value [42], and the biodiversity and naturalness of green spaces
have been found to make an important contribution to improving the health of residents
and building good social relations [43,44].

4.2. Demand and Supply of Recreational Services in Plain Areas and Mountainous Areas

The MaxEnt results show that the distribution of the supply of recreational services in
Beijing varies greatly due to the comprehensive influence of natural (terrains, ecosystem
types, etc.) and human (transportation network, infrastructures, etc.) factors. The area of
medium and high supply only accounted for about a quarter of the total area of the study
area. The supply level of mountainous areas with good natural geographical conditions
and intact ecological landscape is significantly higher than that of plain areas with reduced
vegetation and overexploitation. The plain areas were the main distribution area of the
low-supply area of recreation services. In mountainous areas, high-supply areas were
concentrated in the north; low-supply areas were concentrated in the west and southwest;
medium-supply areas were mainly located in the transition zone between mountainous
areas and plain areas. The western and southwestern mountainous areas of Beijing are
distributed with important ecological reserves; where construction and development are
restricted, the supply capacity is low. The northern mountainous region of Beijing has a
lot of high-quality green space landscapes (Trumpet Ditch Primitive Forest Park, Qifeng
Mountain National Forest Park, etc.) and modern infrastructure, which provided a high
supply of recreation services.

It is worth noting that the supply estimated by the MaxEnt model is inclusive of
potential supply [21], which reflects the landscape recreation potential. The recreation
potential differs from the realized service, which directly contributes to human well-being
through the actual capture of the recreational services [45]. In practice, mountainous areas
with good physical geography and complete ecosystem services are often distributed
with important ecological reserves and national forest parks. These places have a strong
recreational appeal to residents. However, the development of recreational potential in
mountainous areas should be treated with caution. The increased ecological pressure
caused by tourism development often leads to ecological degradation, which is particu-
larly common in mountainous areas [46]. Trampling by tourists may lead to vegetation
degradation and soil exposure in mountainous areas, combined with erosion by flowing
water, may easily lead to washout and slope degradation [47].

Using ArcGIS 10.2 to overlay the standardized supply and demand data spatially to
get the supply-demand spatial matching map. The results show that the supply-demand
quantitative balance pattern in different regions varied greatly, and most areas show the
state of undersupply. The supply-demand spatial matching pattern in different regions
varied significantly too, and a certain spatial mismatch was found. There are four different
types, including two spatial matching types of “low supply-low demand” and “high
supply-high demand”, and two spatial mismatching types of “low supply-high demand”
and “high supply-low demand”, with the area of the spatial mismatching type accounting
for about half of the study area.

4.3. Suggestions

In future green space planning and management in Beijing, different development
strategies such as ecological reshaping, ecological development, restoration, and protection
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should be implemented in different areas. It is becoming more important to improve the
well-being of the residents and develop a livable city that promotes sustainable development.

In Region I (low-supply and low-demand), ecological reshaping measures should be
taken to improve land use patterns and increase the area of urban green space such as
forests and grasslands. This will enhance the integrity of urban ecosystems and improve
the supply of recreational services. In the plain afforestation project, the preservation of
planted forests should be strengthened to provide more green space that can meet the
residents’ demand for recreational services. In the process of agricultural development
in plain areas, attention should be paid to enhancing the recreational service function of
farmland. The farmland landscape should be optimized by improving vegetation diversity
and increasing recreational service facilities.

In Region II (low supply and high demand), ecological development is the top priority.
The green space in such areas should be moderately developed under the premise of
adhering to the ecological red line, to enhance the supply ability of recreation services
and ecological carrying capacity. The high mountain areas are an important urban en-
vironmental protection barrier, with many ecological protection areas distributed. The
construction and development of the area are strictly limited, and the incomplete infras-
tructure construction is the main factor limiting the recreation supply resources. On the
premise of ensuring that the area of the ecological reserve will not be reduced and the
ecological function will not be lowered, the road traffic and infrastructure construction
should be optimized moderately to enhance the ecological supply capacity and ecological
carrying capacity.

In Region III (high supply and low demand), it is important to implement ecological
restoration. The ecological damage caused by economic construction reduces the demand
for recreational services of residents. The spread of urbanization from plain areas to
mountainous areas should be controlled to promote the matching of supply and demand.
As a transitional zone between plains and mountains, the early economic development
of low mountain areas has made the overall ecosystem fragile. Although green space
is restored in the artificial afforestation project, the overall ecological landscape quality
is poor, resulting in low demand for recreational services of residents. The area should
expand the area of green space, enhance ecosystem integrity, improve landscape continuity,
and increase landscape heterogeneity to provide a quality recreation experience.

In region IV (high supply and high demand), ecological conservation should be given
top priority. Only under the principle of “conservation-oriented and rational development”
can this region achieve coordinated ecological and economic development. It is necessary to
coordinate all kinds of elements in the system of mountains-rivers-forests-farmlands-lakes-
grasslands, and realize the diversified combination of different recreation supply subjects,
to improve biodiversity and promote the stability of the ecosystem. The region should
focus on improving the quality of recreational life of residents and enhancing the value of
various natural ecological landscapes to better meet the recreational needs of residents.

4.4. Limitations and Future Research

This study conducted a preliminary analysis and discussion on the supply and de-
mand situation of recreational services from green space in Beijing. Our research results are
still relatively crude. This study has not considered possible temporal dynamic differences
in the supply and demand, such as the impact of seasonal changes on human activities
and natural landscape. Therefore, future research should incorporate spatial and temporal
variables into the analysis of the supply and demand of recreational services through re-
search design and variable selection. Moreover, the study sample will be further expanded,
making the results more representative and convincing.
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