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Abstract: Assessing social values attributed to ecosystem services based on the Social Values for
Ecosystem Services (SolVES) model helps ecosystems to provide services sustainably, including
land and forest products and non-material services. Currently, urbanization has accelerated the
deterioration of rural environments, which affects the supply of social values for rural ecosystem
services. How to scientifically assess the social values for ecosystem services in rural areas remains
to be studied. In addition, there are significant differences in the perceptions of social value among
stakeholder groups. Therefore, this study aims to provide a complete and systematic approach
to identify the social value of complex and specific rural ecosystem services and to fill the gap in
the research of perceived differences among stakeholder groups in rural areas. On the basis of
building environmental raster datasets on a village scale, this research applies the SolVES model
to evaluate social values in the Paifang rural community. Results show that aesthetic, health care,
recreation, and biodiversity values are highly regarded in rural areas. The normalized difference
vegetation index, the distance to rural settlements, the distance to tourist attractions, and the distance
to agricultural production spaces can improve the evaluation accuracy, and the level of social values
can be predicted by certain environmental variables. The spatial distribution of social values and
the degree of attention paid to the biodiversity value, and the trade-off between the aesthetic and
biodiversity value are the main perception differences between villagers and tourists. This research
contributes to ecological construction and sustainable development in rural areas.

Keywords: SolVES model; rural areas; ecosystem services; social value; value assessment

1. Introduction

The term “ecosystem services (ES)” refers to the products or benefits that humans
directly or indirectly obtain from the ecosystem for their survival and development [1],
including tangible material resources and intangible spiritual services. This concept is
related to human well-being and is an embodiment of ecosystem functions in human
society [2]. As human activities exert an increasing pressure on the ecosystem, the assess-
ment of the ES value is critical in the management of environmental resources such as
forests [3]. A comprehensive assessment of ES is based on a wide variety of natural and
social information [4]. However, scholars mostly rely on the economic evaluation methods,
ignoring the non-market value perceived by humans that is difficult to quantify, namely the
social value for ES, which usually corresponds to specific cultural ES, such as aesthetics and
recreation [5,6]. This concept of social value evolved from the earlier idea of forest value [7].
After being modified and verified by Brown and Reed [8], the concept was gradually ap-
plied in obtaining social value information to support ES-based ecosystem management [9].
Human society is an important component of nature and is closely related to the ecosystem.
However, traditional economics methods not only disconnect humankind from nature, but
also fail to reflect the spatial heterogeneity of ES. Therefore, it is necessary to propose a
non-monetary approach to assess ES value from the perspective of society and space.

The emergence of the SolVES model (Social Values for Ecosystem Services model)
marks the shift of ES assessment from an economics approach to a focus on social attributes
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and spatial heterogeneity. It provides quantitative, spatially explicit indicators that can
reflect stakeholder preferences, solving the shortcomings of the economics methods [3].
Currently, the SolVES model mainly covers objects such as national parks [6], national
forests [10], urban riverfront space [11], and urban parks [12], but pays little attention
to rural areas. Among the existing studies, Makovnikova J et al. guided the sustainable
development of agricultural land by analyzing the recreation potential [13]. Petway et al.
assessed the value of seven agricultural intangible cultural ecosystem services [14]. How-
ever, these studies on the social values for rural ES are still in the early stages, and the types
of social value assessed lack completeness. Moreover, the SolVES model requires spatial
data that accurately express the environmental characteristics of the study area; however,
previous studies have not fully considered rural environment.

Since the beginning of the 21st century, rural sustainable development has received
global attention, and industrialization and urban expansion have affected the diversity of
the rural ecosystem [15]. Irrational rural construction will encroach on the capital on which
people depend on for their livelihoods, such as land and forest products [16]. Rural areas are
faced with the challenge of land conversion and shrinkage, which raises people’s concerns
about the protection of arable land, loss of open space, and environmental degradation [17].
This is especially true in developing countries, such as China, where the village area reaches
53.7% of the total construction land area, and the rural population accounts for 36.1% of
the total population, so people are increasingly aware of the significance of ecological
quality improvement for sustainable rural development [18]. Ecological problems in rural
areas have become a significant factor affecting the natural environment and economic
development globally. Meanwhile, the ES value of the countryside is not only reflected as
a production space, but as also an aesthetic object, a spiritual belonging, and a material
carrier of environment protection, reflecting multiple values [19]. Therefore, in order to
improve ecosystem functions and realize the sustainable development of ecology, society,
and economy in rural areas, it is necessary to coordinate human perception with the
ecological goals of rural areas and seek a better approach for scientifically evaluating the
social values for rural ES.

Social values for ES are closely related to environmental variables. In applying the
SolVES model, the selection of different variables in the environmental raster datasets have
different impacts on the results of social value assessment [11], and a more accurate and
comprehensive selection of variables can enhance the model’s credibility [20]. At present, on
the basis of the research of Sherruse et al. [11], most studies screen the environmental factors
for the SolVES model according to the environmental characteristics of different objects and
generalize the evaluation results to other areas [21]. However, previous studies have failed
to select suitable environmental variables for rural areas, and the spatial data involved
are still factors applied to cities, such as elevation (ELEV), slope (SLPOE), and distance to
road (DTR). The rural ecosystem is a complex ecosystem covering the relationships among
humans, nature, and society in a specific region [22]. Natural factors related to terrain,
hydrology, and vegetation, as well as human factors related to economy and culture are all
important components of rural environmental factors. Assessing the social values for rural
ESs needs to reflect the overall situation of the rural ecosystem. In addition, rural areas are
significantly different from urban areas in terms of cultural background, production mode,
and lifestyle, with environmental characteristics different from those of the highly artificial
urban ecosystem. The practice of directly applying the urban environmental variables
to rural areas ignores the particularity of rural ecosystems, which is not conducive to
sustainable development. Perceiving and expressing the character of the rural community
from a spatial perspective is a fundamental issue for conducting research on the rural
ecosystem [23]. Therefore, it is necessary to establish a more complete environmental
raster dataset from the aspects of the integrity and particularity of the rural ecosystem, so
that the assessment results can be more realistic and fit the environmental characteristics
of rural areas.
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In addition, there is a spatial scale effect in rural ecology studies, where the scale affects
the determination of the ES indicators [24], and the content and quantity of the spatial data
also change with the scale. Therefore, environmental variables should be screened based
on the premise of scale determination so that the datasets of the SolVES model can be better
adapted to the regions with similar scales and environmental conditions. Villages are the
basic socio-economic units of rural areas, representing the unique regional resources of
each region. In the practice of space governance and land management in rural areas, the
village scale is usually taken as the basic unit, and the rural spatial optimization at the
village level promotes the improvement in the rural spatial governance system in which
regions, villages and plots are interconnected [25]. Therefore, based on the objects of this
case study, this paper aims to build environmental raster datasets on a village scale.

Furthermore, the perception of social values is influenced by stakeholders, who refer
to individuals or groups that affect or are affected by ES. The perception differences among
different stakeholder groups will affect the results of the assessment of social values for
ES [26]. However, at present, the respondents in the assessment of social values for ES
mainly come from a single group. A few studies compared the perception differences
based on the attributes of individuals rather than at the level of different stakeholder
groups [12,27], which cannot help to resolve the social conflicts that arise in the protection
and restoration of ecosystem functions. Villagers and tourists are the two core stakeholder
groups in rural areas, whose interests surrounding rural ecosystems are significantly
different regarding environmental protection and economic development [28]. Therefore,
it is necessary to distinguish between the perceptions of the two groups, and accurately
fulfill the public will of different sources into rural planning and management.

In conclusion, based on the selection of the environmental variables evaluated by the
SolVES model suitable for rural areas, we compare the differences in the perceptions of
social values between villagers and tourists and then propose rural spatial optimization
strategies aimed at enhancing the social values for ES from the decision-making level.
This makes up for the shortcomings of previous studies, where the concept of landscape
ecology is difficult to directly implement in ecosystem planning and management [29]. This
paper focuses on the Paifang rural community in Nanjing, China, with the following main
purposes: (1) developing improved environmental raster datasets for the assessment of
social values for rural ES on a village scale, assessing the social values for rural ES in the
Paifang rural community; (2) introducing the perspective of different stakeholder groups
for the assessment of social values for ESs in rural areas; (3) proposing the rural spatial
optimization recommendations based on the assessment of social values for ES to promote
rural sustainable development.

2. Materials and Methods

The research framework of assessing social values for rural ES was established in this
paper, containing a complete process from the classification of social value types to the
analysis of the data (Figure 1). The markers (1)–(6) in the figure correspond to the six steps
of the data analysis. Additionally, all abbreviations in this section can be identified in p.

2.1. Types of Social Values for Rural Ecosystem Services

According to the definition and classification of cultural ES by the Millennium Ecosys-
tem Assessment [4] and based on the widely applied value system in other studies [8,30],
the social values for ES can be divided into more than a dozen types. However, the existing
types of social value usually overlap and are correlated in connotation. For example, there is
often synergy between cultural value and historic value. A more critical issue is that social
values for rural ES enhancement needs to maintain the character of the rural community.
Therefore, it is necessary to redefine the classification of the social values of rural ES with a
description of each connotation.
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Figure 1. The research framework of assessing social values for rural ecosystem services.

From the spatial perspective, the character of the rural community is mainly expressed
in the rural landscape character in ecosystem management, and the rural landscape char-
acter is associated with the influencing factors of social values for rural ES. In the rural
landscape character representation system [31], the component and spatial pattern are the
core material factors that directly affect social values. The spatial perception can reflect the
comprehensive evaluation of social values, and the spatial process reveals the dynamic laws
of the ecosystem evolution process, which is the inner logic of the formation of the remain-
ing three concepts. The spatial processes contain nature ecological processes, humanity
cultural processes, and socio-economic processes [31], and the influencing factors of social
values for rural ESs can be identified by sorting out spatial processes. This identification
process can not only fully reveal the character of the rural community, but also build a
bridge between the objective environmental conditions and ES functions. Therefore, this
paper identified the influencing factors of social values for rural ES based on the rural
landscape character representation system, and then adjusted the classification and conno-
tation expression of social values for rural ES, finally dividing them into four levels, namely
cultural inheritance, recreation service, cognitive experience, and material supply (Table 1).
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This classification system reflects the character of rural community in social values through
influencing factors, and the relationship between them is depicted in Figure 2.

Table 1. Types and descriptions of social values for rural ecosystem services.

Primary
Social Value Type

Secondary
Social Value Type Description

Cultural
inheritance

Cultural and historical It possesses historical landscapes or the preservation of folk traditions
and customs.

Future It provides opportunities to experience rural life.

Recreation service
Recreation It provides outdoor venues and facilities for leisure.

Health care It provides resources for fitness health promotion and physical and
mental relaxation.

Cognitive
experience

Aesthetic It has beautiful scenery in terms of both nature and architecture.

Spiritual It provides spiritual and emotional support or cultivates respect
for nature.

Education It provides educational opportunities and scientific research bases to
convey ecological wisdom.

Material
supply

Life sustaining It helps water and soil conservation, air purification, and climate
regulation.

Biodiversity It is rich in species resources and habitat types.

Economic It provides income sources, creating economic benefits.
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ecosystem services.

In the 10 secondary social value types, the value of the cultural and the historical,
as well as the future value, are directly related to the humanistic component, which both
emphasize the historical and cultural process of rural ecosystems, collectively referred to as
the value of cultural inheritance. The recreation and health care values are related to similar
component and spatial patterns, relying on rural public spaces as activity places, and can
be summarized as the value of recreation service. The aesthetic, spiritual, and education
value emphasize the intangible rural ES functions, such as rural image and homesickness,
which are directly related to spatial perception, so they can be uniformly expressed as the
value of the cognitive experience. The value of material supply covers sustainability of
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life, biodiversity, and economic value, which are directly related to the multiple ecological
assets formed by spatial process.

2.2. The Environmental Raster Datasets for the SolVES Model in Rural Areas

Developed by the United States Geological Survey and Colorado State University, the
SolVES model can be used to assess the social values for ESs based on the environmental
raster datasets, vector data of study area, and survey data. According to a review on
the application research of the SolVES model [6,10,12–14,31], the most commonly used
variables in the environmental raster datasets include ELEV, SLOPE, DTR, distance to water
(DTW), and land use and land cover (LULC). A few studies introduced variables such as
landscape types (LT) and distance to coast (DTC) on this basis to improve the application of
the model in some specific ecosystems [11,32]. The above variables are common in urban
areas, but it is difficult to simply apply them to rural ecosystems.

According to the complex ecosystem theory, the rural ecosystem is composed of a rural
resource subsystem, environment subsystem, society subsystem, and economic subsystem,
and it not only has basic functions similar to the natural ecosystem but it is also significantly
affected by human activities [22]. Therefore, in order to improve the environmental raster
datasets for the assessment of social values for rural ES, it is necessary to reflect the overall
situation of the rural ecosystem from both natural and anthropogenic variables. However,
since there are many influencing factors for rural ecosystems, the datasets established
should highlight the factors that play a leading role in rural areas. With the revival of
the concept of rurality in recent years, definitions and measures of rurality are more and
more widely used in the urban–rural division and rural space optimization [33], which
helps to reflect the essential attributes of the rural ecosystem. Therefore, we improved the
environmental raster datasets of the SolVES model by referring to the complex ecosystem
theory and rurality measures.

Considering the environmental characteristics of rich vegetation resources in rural
areas, among the natural variables, the normalized difference vegetation index (NDVI)
is included to reflect the vegetation growth and coverage status, while the variables of
ELEV, SLOPE, and DTW are retained to reflect the characteristics of complex terrain and
numerous water bodies in rural areas. Rurality measures were found to represent the
influence of human behavior and enhance the anthropogenic variables. Among the most
common components used in rurality measures [34], the indicators related to population,
land and industry are the core factors for the rurality measures on a small scale. Therefore,
considering that distance is a parameter to effectively reflect the spatial relationship between
social value points and variables, on the basis of selecting the common factors of LULC and
DTR, this paper included the variables of distance to rural settlements (DTRS), distance
to tourist attractions (DTTA), and distance to agricultural production space (DTAPS) as a
supplement. Finally, the environmental raster datasets were established, consisting of two
first-level variables and nine s-level variables (Table 2).

Among the newly included environmental factors, the NDVI can reveal the vegetation
cover status of the land. Plants not only play the role of producers in the ecosystem, but
are also some of the important elements constituting the rural ecological landscape. By
reflecting the influence of vegetation cover on the perception of species diversity and
plant landscape, NVDI is fundamental in the assessment of social values for rural ES.
DTRS reflects the aggregation of rural population and the interaction process between
human activities and the environment [35]. Rural settlements are important carriers of the
historical and cultural evolution of rural areas, the distance to which affects the perception
of social values regarding local customs and historical landscape, which is also related
to the allocation of land resources. DTTA reflects the distribution of tourism resources
in rural areas. Because rural tourism is regarded as an effective strategy of economic
development in many countries nowadays [36], incorporating DTTA into the datasets helps
promote the rural economy by guiding the rational utilization of characteristic building
and cultural heritage, so as to enhance the diversified social values for ES. DTAPS reflects



Forests 2022, 13, 1877 7 of 21

the distribution of the agricultural production space and plays a critical role in the social–
ecological production landscape planning in rural areas [37]. At present, with the increasing
contradiction between the expansion of construction land and the reduction in agricultural
production space, DTAPS is one of the key factors to improve the ability of rural ecosystem
to meet human needs.

Table 2. Environmental raster datasets for the SolVES model in rural areas.

First-Level Variables Second-Level Variables/
Abbreviation Reasons for Selection

Natural variables

Elevation/ELEV It reflects the complex terrain conditions.

Slope/SLOPE It affects the construction in rural areas.

Distance to water/DTW It reflects the distribution of water, which affects the production
and ecology.

Normalized difference
vegetation index/NDVI

It reflects the complex vegetation cover status on rural land,
which affects the perception of species diversity and
plant landscape.

Anthropogenic variables

Land use and land cover/LULC It reflects the utilization status of rural land resources, which
affects land management.

Distance to road/DTR It reflects the accessibility and infrastructure development,
which affects rural construction.

Distance to rural
settlement/DTRS

It reflects the aggregation of the rural population, which affects
the perception of local customs and historical landscape, and is
related to the allocation of land resources.

Distance to tourist
attractions/DTTA

It reflects the scale of rural tourism, related to economic value
and the utilization of material resources such as
cultural heritage.

Distance to agricultural
production space/DTAPS

It reflects the spatial distribution of agricultural production
space, which affects the social-ecological production landscape
planning of rural areas.

2.3. Study Area

The Paifang rural community is located in the southwest of Jiangning District, Nanjing
City, Jiangsu Province (Figure 3), which consists of 20 unincorporated villages with a
population of 2154 and covers an area of 8.2 square kilometers. Huanglongxian, a national
rural tourism village, is located in the region [23]. The Paifang rural community is rich in
landscape resources, with scattered villages surrounded by bamboo forests, tea gardens,
and reservoirs [23]. The beautiful scenery and characteristic tea culture expand the income
channels of the villagers and provide tourists with an ideal destination for leisure and
sightseeing. It possesses rich, unique local ecological wisdom, and is thus of high research
and referential value.

2.4. Survey Data Collection

The survey data were collected through a field survey using a questionnaire. The
questionnaire was designed according to the data requirements of the SolVES model and
the actual circumstance of the study area, consisting of two parts. The first part was the
collection of the basic information of respondents. The second part surveyed the alloca-
tion of social values among the respondents and invited respondents to mark the social
value points. Respondents were asked to allocate an assumed RMB 100 to their preferred
secondary social value types, and for each value with an amount allocated, they were
asked to mark 1–4 points on the map that represented this value. From October to De-
cember 2021, 250 questionnaires were randomly handed out in Paifang Rural Community,
of which 232 valid questionnaires were collected (116 from villagers and tourists, respec-
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tively). The effective response rate of the questionnaires was 92.8%, and 1347 social value
points were obtained.
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2.5. Data Analysis

The data analysis steps were as follows:

1. We analyzed the 232 samples with SPSS and Excel to count the demographic charac-
teristics of the respondents.

2. We obtained the overall spatial distribution of the social value points with the kernel
density estimate and identified the hotspot areas with high social value.

3. We applied the SolVES model with the spatial data and the survey data. First, we
performed the average nearest neighbor analysis, and obtained the spatial clustering
results of social value points through the generated average nearest neighbor ratio and
its multiple of standard deviation. Meanwhile, the weighted kernel density analysis of
the social value points was conducted to obtain a kernel density surface. The required
weight was the total amount allocated by the respondents to each social value. Then,
a kernel density value index layer standardized to 0–10 was determined for each
social value surface to identify the maximum value index in each layer. Finally, the
result of the maximum value index multiplied by the logistic output from 0 to 1 was
normalized to obtain a value index (VI) of 0–10 and the maximum value index (M-VI)
for each social value. Based on M-VI and the number of social value points, the
importance ranking of the 10 secondary social value types can be determined.

4. Results from the SolVES model were interfaced with the maximum entropy (MaxEnt)
model embedded in the SolVES model, which can produce additional statistics, such
as the area under the receiver operating characteristic curve (AUC), to describe the
performance of each model. In addition, the collinearity analysis of environmental
variables was conducted using the variance inflation factors (VIF) and tolerance
indicators to verify the reliability of the results. Then, the top four social values in the
importance ranking will be selected for further analysis.

5. For all surveys, the results of the SolVES model were output into ArcGIS to obtain the
spatial distribution of social values. Then, by using the Origin software, linear regres-
sion analysis between nine environmental variables and the mean VI of four social
value types output by the MaxEnt model was conducted to explore the correlation
between variables and social values.

6. We divided the respondents into groups of villagers and tourists. The kernel density
estimate was used to obtain the density of social value points marked by the two
groups. Next, the SolVES model was used to select the corresponding survey data
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and spatial data to compare the social value spatial distribution. To further compare
the environmental behavior of villagers and tourists and their interests for rural
ecosystem, the Pearson correlation coefficient was used to compare the trade-offs and
synergistic relationships of each social value in different groups.

3. Results
3.1. Demographic Characteristics of the Respondents

The demographic analysis results (Figure 4) indicate that the proportions of male and
female were basically equal, covering all ages and the main jobs types in rural areas. The
villagers are mainly self-employed and engaged in the tea industry, followed by farmers
and general office, while the tourists are mainly general office workers, followed by social
workers and volunteers, and also include a certain number of professionals in various
industries, with higher education level and income. Tourists can better comprehend the
questionnaire, while some lesser educated villagers answered through the interview format
to reduce the interference of subjective factors. The tourists mainly come from Nanjing, but
also approximately 5% come from other cities in Jiangsu Province and surrounding regions
around Jiangsu Province, respectively. The samples of this survey can reliably reflect the
actual circumstances of the daily visitors in the Paifang rural community.
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3.2. The Overall Spatial Distribution of Social Value Points

The kernel density estimate of the social value points was conducted with the SolVES
model to identify the hotspot areas (Figure 5). The social value points are mainly distributed
in Huanglongxian, Yan Lake, the mountain forests and tea gardens in the west of Paifang
Reservoir, and Yu Village, among which the density of the social value points is highest in
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Huanglongxian and lowest in the mountainous areas on the southern boundary. Around
Huanglongxian, the Huanglong Pool is an ideal place for angling, and the Tenglong Square
provides open lawn space. The bamboo forest in the mountains in the northeast bears
witness to the history of the region. As for the two largest water bodies, the Paifang
Reservoir is surrounded by green hills and scattered villages, and Yan Lake provides plank
roads to enjoy the waterscape. Yu Village is relatively far from other hotspots, but it is an
important area for income sources, with many reservoirs and vegetable gardens.
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3.3. Assessment of Social Values for Ecosystem Services
3.3.1. Spatial Clustering Analysis of Social Value Types

According to the statistical data shown in Table 3, the spatial distribution of 10 social
values belong to the spatial clustering mode in the total samples (R < 1 and the absolute
value of Z is relatively large). According to M-VI and the number of value points (N),
the value of recreation services receives high attention, while the value of the cultural
inheritance is relatively difficult to perceive. Among the secondary types, the respondents
clearly prefer aesthetic, health care, recreation, and biodiversity value (M-VI > 5). Therefore,
we focused on these four types to conduct further research.

Table 3. The maximum value index (M-VI) and spatial agglomeration of social value types in the
Paifang rural community.

Primary Social
Value Type

Secondary Social
Value Type

All Surveys Villager Tourist

M-VI (N) R (Z) M-VI (N) R (Z) M-VI (N) R (Z)

Cultural
heritage

Cultural and
historical 5 (51) 0.34 (−9.02) 4 (19) 0.38 (−5.16) 5 (32) 0.38 (−6.68)

Future 4 (90) 0.53 (−8.50) 4 (28) 0.83 (−1.76) 5 (62) 0.53 (−7.08)

Recreation
service

Recreation 7 (179) 0.39 (−15.52) 7 (100) 0.46 (−10.26) 7 (79) 0.48 (−8.88)

Health care 8 (223) 0.43 (−16.18) 8 (108) 0.45 (−10.99) 8 (115) 0.45 (−11.36)

Cognitive
experience

Aesthetic 9 (281) 0.50 (−16.08) 10 (149) 0.48 (−12.09) 10 (132) 0.44 (−12.26)

Spiritual 5 (80) 0.52 (−8.22) 4 (33) 0.64 (−3.96) 7 (47) 0.49 (−6.65)

Education 4 (58) 0.30 (−10.21) 4 (26) 0.11 (−8.69) 4 (32) 0.39 (−6.65)

Material
supply

Life sustaining 4 (55) 0.63 (−5.30) 1 (15) 1.00 (−0.03) 4 (40) 0.55 (−5.45)

Biodiversity 6 (169) 0.67 (−8.31) 5 (102) 0.67 (−6.47) 6 (67) 0.73 (−4.27)

Economic 5 (161) 0.50 (−12.15) 5 (89) 0.49 (−9.14) 4 (72) 0.45 (−8.87)

Note: N is the number of social value points; R is the average nearest neighbor ratio; and Z is the multiple of
standard deviation.
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3.3.2. Model Performance Evaluation and Collinearity Analysis of Variables

The test AUC obtained after the environmental variables are imported into the MaxEnt
model can measure the accuracy of the assessment and verify whether the selected environ-
mental variables are applicable in this study. When the test AUC is greater than 0.7, the
assessment result is considered valid, and the closer the test AUC is to 1.0, the higher the
reliability of the assessment [38]. According to Table 4, the test AUC levels are all greater
than 0.7, and most of them exceed 0.9, indicating the high reliability of the assessment.

Table 4. Test AUC of each social value type in the Paifang rural community.

Social Value Type
Test AUC

All Surveys Villager Tourist

Aesthetic 0.881 0.899 0.915

Health care 0.933 0.940 0.962

Recreation 0.956 0.928 0.971

Biodiversity 0.904 0.878 0.910
Note: AUC is area under the curve, representing the area under the receiver operating characteristic curve (ROC).

However, the above assessment method may not be correct if the variables are highly
correlated, so it is necessary to conduct a collinearity test on the selected environmental
variables [11]. VIF and tolerance were used to test the multicollinearity of the nine environ-
mental factors. When the VIF is less than 5 and the tolerance is greater than 0.1, there is
no multicollinearity between the variables. Otherwise, the collinearity is significant [39].
As shown in Table 5, the variables do not have multicollinearity and meet the modeling
standards. To sum up, the environmental variables have good model running results,
which can facilitate the further study.

Table 5. Collinearity statistics of environmental variables.

Environmental Variable
Collinearity Statistics

Variance Inflation Factor Tolerance

ELEV 3.869 0.258

SLOPE 1.531 0.653

DTW 3.122 0.320

NDVI 1.643 0.609

LULC 1.240 0.806

DTR 1.368 0.731

DTRS 2.361 0.424

DTTA 1.747 0.573

DTAPS 2.734 0.366

3.3.3. Spatial Distribution of Social Value Types

The value index map was exported into the ArcGIS (Figure 6). Aesthetic value covers
almost the entire area, and places with high VI are mostly close to the water body or
aggregate in a few villages. Areas with high health care value are concentrated in tourist
attractions and some rural settlements, while this value is relatively low in the areas with
poor housing conditions in the northwest, indicating that the recreation value is related to
landscape quality and living environment. The distribution range of the recreation value is
the smallest. Its high VI points are concentrated around Huanglongxian, which is related to
activities such as tea drinking and angling. The biodiversity value is widely concentrated
in the east with large mountain areas; however, in the west, due to the large areas of
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cultivated and construction land, the high VI points are sparsely scattered. In general, other
than biodiversity value, the social value is higher in the regions with denser scenic spots,
convenient transportation, and proximity to water bodies, and there is a greater potential
for social value improvement in places with concentrated rural settlements, inconvenient
transportation, and proximity to cultivated land.

Forests 2022, 13, x FOR PEER REVIEW  13  of  23 
 

 

 

Figure 6. Spatial distribution of four social value types in the Paifang rural community. 

3.3.4. Relationship between the Social Value Types and Environmental Variables 

The  results of  the  linear  regression  analysis  are  shown  in Figure  7. Areas with  a 

higher ELEV are generally attractive, but partially low, which is related to poor accessi‐

bility and reduced opportunities for careful observation. People can better enjoy the scen‐

ery and feel relaxed in places with a flat terrain, while areas with a higher SLOPE probably 

have better habitat conditions. DTW negatively correlates with the aesthetic and health 

care values, but when DTW reaches 200 m, a number of places are endowed with these 

two value types, probably because mountains become the main aesthetic objects and pro‐

vide better  therapeutic opportunities. Among  the LULC, water bodies generally have 

higher social values, while cultivated land and grassland mainly reflect the aesthetic and 

recreation values, respectively. Forest land and construction land have a relatively wide 

range of VI due to their large areas. As for DTR, the recreation value is significantly low 

when DTR ≥ 100 m, possibly affected by the distribution of recreational facilities. 

 

Figure 6. Spatial distribution of four social value types in the Paifang rural community.

3.3.4. Relationship between the Social Value Types and Environmental Variables

The results of the linear regression analysis are shown in Figure 7. Areas with a higher
ELEV are generally attractive, but partially low, which is related to poor accessibility and
reduced opportunities for careful observation. People can better enjoy the scenery and feel
relaxed in places with a flat terrain, while areas with a higher SLOPE probably have better
habitat conditions. DTW negatively correlates with the aesthetic and health care values,
but when DTW reaches 200 m, a number of places are endowed with these two value
types, probably because mountains become the main aesthetic objects and provide better
therapeutic opportunities. Among the LULC, water bodies generally have higher social
values, while cultivated land and grassland mainly reflect the aesthetic and recreation
values, respectively. Forest land and construction land have a relatively wide range of
VI due to their large areas. As for DTR, the recreation value is significantly low when
DTR ≥ 100 m, possibly affected by the distribution of recreational facilities.

Among the newly introduced variables, DTTA has better fitting results with social
values, and all value indexes clearly negatively correlate with DTTA. Therefore, the level of
social value may be better inferred based on DTTA. Aesthetic and recreation values rise
when DTTA > 1000 m, indicating that the western areas far away from scenic spots but
with dense rural settlements have highly attractive spots. The health care value is higher
within DTTA < 600 m, so that the existing tourist attractions can provide references for the
construction of new ones, while there are few species resources around the tourist attrac-
tions, and the biodiversity value is lower in the northwest with large areas of cultivated
land (DTTA > 1200 m). NDVI fits better with aesthetic value, and the aesthetic, recreation,
and health care values are generally lower in areas with high vegetation coverage. The
mountain forests with NDVI > 0.4 have a higher biodiversity value, though they have great
potential for improvement in aesthetic value. The fitting results of DTRS and DTAPS with
each social value are normal. High health care and recreation values are concentrated in
places 200 m in distance from the rural settlements, while the biodiversity value of areas far
away from rural settlements is higher. DTAPS positively correlates with social values. The
health care value rises to the peak and then falls rapidly when DTAPS > 250 m, indicating
that the northern mountains composed of non-economic forest tree varieties vary greatly in
the health care functions, which may be affected by rural tourism.
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3.3.5. Differences in the Perception of Social Value by Villagers and Tourists

Villagers and tourists vary in their familiarity with and focus of attention towards rural
areas, as well as their perception ability, which leads to changes in the spatial distribution
of social values. According to the comparison of the spatial distribution of social value
points marked by the two groups (Figure 8), there are four overlapping areas of social
value hotspots perceived by villagers and tourists, namely Huanglongxian, the Paifang
Reservoir, Yan Lake, and bamboo forests, while villagers can perceive a wider range of
social values in their daily life scenes and production spaces, mainly in their attention to
the numerous settlements in the west and tea gardens in the south. On the contrary, the
social value points marked by tourists are relatively concentrated around tourist attractions,
tending towards places with a mature service industry. From the perspective of four social
value types, the perception differences are mainly reflected in the importance attached to
biodiversity value and the spatial distribution of each social value (Figure 9).
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The spatial distribution difference of aesthetic value is reflected in the way that vil-
lagers pay more attention to such areas as the large water bodies in the center, bamboo
forests in the northeast, and large areas of cultivated land in the northwest, while tourists
are clearly more interested in the beauty of scenic spots around tourist villages and water
bodies. The bamboo forests are endowed with a higher health care value by the villagers,
and some of the settlements with better landscape quality also provide health care value,
although these places are somewhat insignificant compared to the natural environment,
while the values preferred by the tourists are mainly concentrated in areas where artificial
transformation of nature is evident, such as country villas and in Huanglongxian. The
spatial distribution of the recreation value varies most significantly, as shown by the fact
that the rural settlements in the west are far less attractive to tourists than Huanglongx-
ian. Tourists attach more importance to the biodiversity value, especially preferring the
mountain area in the southeast, which means that tourists can better consider habitat
conservation when carrying out construction activities.

Moreover, there may be trade-off and synergistic relationships between the perceived
social values of different groups, and this complex relationship not only indirectly reflects
the environmental behaviors of villagers and tourists, but also provides rural decision
makers with more reasonable solution strategies in management and in actual planning.
According to Table 6, there are significant correlations among all types of social values,
and both groups of perceived aesthetic and recreational values show the strongest positive
correlations, indicating that they identify with the beautiful scenery of the beautiful scenery
of Paifang rural community, with physical and mental pleasure at the same time. The
biodiversity value shows negative correlations with the other three values, which inspires
that tourism infrastructure should not be built at the cost of destroying habitat quality in
order to promote the synergistic gain of all social values. Meanwhile, the difference in
correlation coefficients between the aesthetic and biodiversity values is over 0.2 between
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the two groups, with a stronger perception by villagers. Considering that villagers prefer
attractions in less well-known areas, the scope of ecological protection should not be limited
only to areas with concentrated tourism resources, and further partition protection planning
can be made by combing ecological sensitivity evaluation and other study.

Forests 2022, 13, x FOR PEER REVIEW  16  of  23 
 

 

 

Figure 9. Differences in the perception of the spatial distribution of social values among the villagers 

and tourists in the Paifang rural community. 

The spatial distribution difference of aesthetic value is reflected in the way that vil‐

lagers pay more attention to such areas as the large water bodies in the center, bamboo 

forests in the northeast, and large areas of cultivated land in the northwest, while tourists 

are clearly more interested in the beauty of scenic spots around tourist villages and water 

bodies. The bamboo forests are endowed with a higher health care value by the villagers, 

and some of the settlements with better landscape quality also provide health care value, 

although these places are somewhat insignificant compared to the natural environment, 

while the values preferred by the tourists are mainly concentrated in areas where artificial 

transformation of nature  is evident, such as country villas and  in Huanglongxian. The 

spatial distribution of the recreation value varies most significantly, as shown by the fact 

that the rural settlements in the west are far less attractive to tourists than Huanglongxian. 

Tourists attach more importance to the biodiversity value, especially preferring the moun‐

tain area in the southeast, which means that tourists can better consider habitat conserva‐

tion when carrying out construction activities. 

Moreover,  there may  be  trade‐off  and  synergistic  relationships  between  the  per‐

ceived social values of different groups, and this complex relationship not only indirectly 

reflects the environmental behaviors of villagers and tourists, but also provides rural de‐

cision makers with more reasonable solution strategies in management and in actual plan‐

ning. According to Table 6, there are significant correlations among all types of social val‐

ues, and both groups of perceived aesthetic and recreational values show the strongest 

positive correlations, indicating that they identify with the beautiful scenery of the beau‐

tiful scenery of Paifang rural community, with physical and mental pleasure at the same 

time. The  biodiversity  value  shows  negative  correlations with  the  other  three  values, 

Figure 9. Differences in the perception of the spatial distribution of social values among the villagers
and tourists in the Paifang rural community.

Table 6. Correlation analysis of social values between villagers and tourists.

Social Value Type Group
Social Value Type

Aesthetic Health Care Recreation

Health care
Villager 0.756 **

Tourist 0.797 **

Recreation
Villager 0.611 ** 0.556 **

Tourist 0.537 ** 0.588 **

Biodiversity
Villager −0.487 ** −0.330 ** −0.397 **

Tourist −0.255 ** −0.284 ** −0.344 **
Note: ** refers to the Pearson correlation coefficient < 0.01.

4. Discussion

The rural ecosystem is an important part of the living environment, and its sustain-
ability issues are closely related to global issues, such as ecosystem health and human
well-being. Currently, the ability of rural ecosystem to provide services has attracted the
attention of governments and ecologists due to the impact of rapid urbanization. In China,
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the rural areas have been studied and planned as an ecological space complex under the
promotion of several policies, such as the beautiful countryside construction and the rural
revitalization strategy. In this context, it is of great theoretical significance to reconsider the
spatial interdependence of ES and the spatial perception processes in ES valuation.

The method system proposed in this research (Figure 1) is both universal and typical.
The classification of value types (Table 1) and the establishment of the environmental
raster datasets (Table 2) are consistent with the rules of the rural ecosystem composition
and its character. Additionally, comparing the different perceptions among stakeholders
can scientifically design incentives for ES provision by the public. Moreover, a deeper
understanding of the social values for rural ES from a spatial ecological wisdom perspective
requires the further discussion of two issues. Firstly, which environmental factors are
relatively more important for social values enhancement? Secondly, how can the results of
the evaluation to space optimization be applied?

4.1. Significance of Environmental Variables to the Model

The environmental factors affect the diversity and intensity of social values [21].
Analyzing the correlation between variables and value types alone makes it difficult to
accurately select the geographical factors that contribute more significantly to ecosystem
function enhancements in actual management practices, but may instead cause more serious
damage to ecosystems due to drastic changes in numerous environmental conditions.
Therefore, discussing the significance of the environmental variables to the model helps
save ecological management costs and maximize the ecological benefits of variables.

When the SolVES model is applied, the MaxEnt model uses the jackknife test to
determine the significance of each variable on the distribution of social value types. The
variable’s percent contribution, reported by the MaxEnt model, represents the contribution
of environmental variables to the model, and the permutation importance is calculated
to represent the irreplaceability of each variable (Table 7). Moreover, the results of the
jackknife test are used to reflect the AUC changes of the model’s operation under three
situations, namely using all environmental variables, using some environmental variables
alone, or using all other variables except for the environmental variable to explore the
impact of the environmental variables on the model’s operation (Figure 10).

Table 7. Percent contribution (% Con.) and permutation importance (Imp.) of variables.

Variable
Aesthetic Health Care Recreation Biodiversity

% Con. Imp. % Con. Imp. % Con. Imp. % Con. Imp.

ELEV 4.0% 5.5% 2.2% 7.2% 2.5% 4.3% 6.8% 5.8%

SLOPE 0.5% 0.6% 0.2% 1.2% 0.9% 2.4% 3.2% 3.6%

DTW 34.0% 23.6% 10.2% 7.8% 1.6% 3.4% 3.8% 6.6%

NDVI 6.2% 4.1% 22.0% 32.4% 13.5% 13.6% 18.9% 5.8%

LULC 0.4% 1.7% 0.4% 2.3% 0.2% 0.1% 1.0% 0.9%

DTR 3.8% 2.0% 4.6% 14.7% 14.0% 9.3% 17.0% 20.7%

DTRS 2.7% 5.9% 3.7% 8.7% 12.5% 27.6% 15.3% 14.1%

DTTA 45.5% 47.9% 43.9% 17.2% 53.0% 37.9% 9.3% 26.6%

DTAPS 2.9% 8.8% 12.8% 8.5% 1.8% 1.4% 24.7% 16.1%

Among all natural variables, DTW and NDVI both have greater significance in the
model. NDVI has a high percentage contribution to the model, has a significant effect
on the rise in the AUC, and shows the highest permutation importance (32.4%) in the
health care value. The newly introduced anthropogenic variables all have an important
impact on the operation of the model with more than one social value. Among them, DTRS
has a strong irreplaceability in the model’s operation of recreation value, while DTAPS
is a significant contributor to the biodiversity value only, showing the highest percent
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contribution (24.7%). DTTA plays the most prominent role in the model, with the highest
permutation importance of biodiversity value (26.6%), and the highest percent contribution
to aesthetic value (45.5%), health care value (43.9%), and recreation value (53.0%), and it
ranks in the top three in AUC when using it alone.
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In order to further explore the influence of the newly introduced environmental vari-
ables on the model’s operation results, the five most commonly used variables in previous
studies were applied to rerun the SolVES model and generate new maps (Figure 11). Com-
paring Figures 6 and 11, the accuracy of the results is greatly affected when the newly
introduced variables are not applied. The high and low values of each VI are greatly
expanded in the distribution range to different extents, with the most significant increase in
VI on the western and southern sides. The aesthetic value, whose model operation results
are greatly affected by DTTA, cannot form hotspot areas in bamboo forests in the northeast,
and the recreation value, greatly affected by DTRS, cannot form hotspots in the rural settle-
ments in the west. Meanwhile, the health care value, greatly affected by NDVI and DTTA,
form wider hotspot areas in the central large water body and its surrounding forests, and
the biodiversity value, whose model operation results with substantial contributions by
DTAPS, form larger hotspots in the northern mountains. Therefore, the SolVES model is
greatly affected by NDVI, DTRS, DTTA, and DTAPS in assessing social values for rural ES.
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4.2. Reflection on Rural Space Optimization

Ecosystem functions are multiple in rural areas, but unreasonable construction or
spatial planning can easily destroy the ecosystem and reduce its ability to provide services.
Therefore, in order to promote rural sustainable development, it is necessary to explore
approaches to optimize the rural space from an ecological perspective.

Social values reflect the social attributes and spatial heterogeneity of ES, which can
reveal the spatial perception and express the character of the rural community, so taking
the assessment of social values for ES as the reference can promote the diversification of ES
values at the spatial level. The specific methods of optimization are reflected in four aspects,
including planning orientation, spatial layout, distribution of factors, and public demands.
First, the dominant social value types for ES in rural areas can be determined, including
cultural inheritance, recreational service, cognitive experience and material supply, so that
rural sustainable development goals can be perfected from the level of planning orientation;
furthermore, the spatial layout in rural areas for ES values promotion can be defined
according to the distribution of cold and hotspots of social value. For example, rural
areas where material supply is the dominant social value should focus on the provision
of ES, such as improving food production, carbon dioxide capture, and biodiversity, and
providing more employment opportunities in the hotspots of economic value. Second,
rural space optimization involves a variety of environmental factors, which affect the
intensity and diversity of social values for ES. Taking the significance of environmental
variables to social value as a reference can effectively reduce the ecosystem degradation
caused by the changes in environmental factors. Taking the Paifang rural community as
an example, NDVI and DTTA should be given priority considering that they generally
have important impacts on each model. In addition, it is necessary to clarify the correlation
between the environmental variables and social values in order to optimize the coupling
mode of environmental factors in rural areas. Finally, social values for ESs interconnect
perceptions toward the natural world in different groups, so that the perception differences
between villagers and tourists should be considered to provide a reference for building
bottom-up spatial governance in decision making. Since rural landscape units are the
core carrier of rural spatial ecological wisdom, the results of different spatial perception
can be implemented in specific spatial units, such as living, production, and ecological
units [23]. For the rural living landscape units strongly perceived by villagers, attention
should be paid to the improvement of the internal infrastructure and accessibility within
the settlements, and landscape units containing important resources of cultural landscape,
such as historic sites, should be preserved. On the other hand, for the ecological landscape
units with a strong perception among tourists, opportunities for sightseeing and learning
about local species, while retaining the natural attributes of rural environment, should be
appropriately provided.

4.3. Limitations and Prospects of the Study

Firstly, this paper identified the influencing factors of social values through the rural
landscape character to reclassify and describe the social values. However, there may
still be ambiguity in the boundaries between different value types due to the complex
composition of the rural ecosystem. Currently, there is no unified standard for the way
of classifying social values for ES, so it is necessary to continue thinking about how to
divide more reasonable and comprehensive evaluation indicators. Secondly, spatial and
temporal evolutionary patterns of land use landscapes and regional vegetation may lead to
changes in the social values for ES [40]. Therefore, future studies can further explore the
spatiotemporal variation in the social values for ES in rural areas. In addition, it is of great
importance to identify natural spaces with key ecological functions in rapidly urbanized
areas [41], and the application of social value assessment in the identification of natural
spaces based on multi-ecosystem services evaluation can also be explored.
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5. Conclusions

Through taking the Paifang rural community as an example to assess social values for
ESs in rural areas, this paper bridges the limitations of the application study of the SolVES
model in rural areas in terms of methodology and research content. Based on the complex
ecosystem theory and the measures of rurality, this paper selects the four environmental
variables of NDVI, DTRS, DTTA, and DTAPS to rebuild the environmental raster datasets
on a village scale. Furthermore, perception differences of social values by core stakeholder
groups in rural areas are compared, bridging the gap in the comparative perception studies
of social value assessment in rural areas. Comprehensively, the SolVES model shows good
applicability in the assessment of social values for rural ES with highly credible results.
Our main findings are as follows: (1) The rural ecosystem in the Paifang rural community
focuses on the value of recreational service. Aesthetic, health care, recreation, and biodiver-
sity values are highly preferred among 10 secondary value types, and the hotspot areas
are concentrated in tourist villages, around large water bodies, and at tourist attractions.
(2) Four newly introduced environmental variables can effectively improve the accuracy
of the assessment results. NDVI and DTTA generally have an important impact on the
model, with NDVI having the strongest irreplaceability of the health care value and DTTA
contributing the most to all social values other than biodiversity, while DTRS and DTAPS
greatly influence the recreation and biodiversity values, respectively. (3) The perception
differences between villagers and tourists are reflected in the identification of hotspots,
the spatial distribution of social values, and the importance attached to biodiversity value,
and the trade-off relationships between the aesthetic and biodiversity value. Villagers
pay more attention to rural settlements and agricultural production space, while tourists
tend to choose places around tourist attractions with a mature service industry and prefer
the biodiversity value of mountains. The reasons for these differences may be related to
accessibility, tourism, and subjective preferences of respondents.

The SolVES model links social and ecological data to provide public perception results
and spatial information for the assessment of social values for rural ES, which is conducive
to environmental decision making and landscape planning in rural areas. Based on the
results of the assessment, our research provides certain technical and practical support for
maintaining regional ecosystem balance and promoting sustainable development.
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Abbreviation
List of abbreviations in the article.

Abbreviation Full Name
SolVES social values for ecosystem services
ES ecosystem services
ELEV elevation
SLOPE slope
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DTR distance to road
DTW distance to water
LULC land use and land cover
LT landscape types
DTC distance to coast
NDVI normalized difference vegetation index
DTRS distance to rural settlement
DTTA distance to tourist attractions
DTAPS distance to agricultural production space
VI value index
M-VI maximum value index
MaxEnt maximum entropy
AUC area under the receiver operating characteristic curve
VIF variance inflation factors
ROC receiver operating characteristic curve
% Con. percent contribution
Imp. permutation importance
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