

  remotesensing-13-00242




remotesensing-13-00242







Remote Sens. 2021, 13(2), 242; doi:10.3390/rs13020242




Article



Application of Ecosystem Service Bundles and Tour Experience in Land Use Management: A Case Study of Xiaohuangshan Mountain (China)



Qiqi Zhao 1,2, Yanming Chen 1,2,*[image: Orcid], Yuda Cuan 3,4, Han Zhang 1,2, Wei Li 1,2, Sida Wan 1,2 and Manchun Li 1,2





1



Jiangsu Provincial Key Laboratory of Geographic Information Science and Technology, Key Laboratory for Land Satellite Remote Sensing Applications of Ministry of Natural Resources, School of Geography and Ocean Science, Nanjing University, Nanjing 210023, China






2



Collaborative Innovation Center of South China Sea Studies, Nanjing 210023, China






3



Institute of Earth Environment, Chinese Academy of Science, Xi’an 710061, China






4



University of Chinese Academy of Sciences, Beijing 100049, China









*



Correspondence: chenyanming@nju.edu.cn







Received: 9 December 2020 / Accepted: 8 January 2021 / Published: 12 January 2021



Abstract

:

With the deterioration of human-terrestrial relations and the intensification of global warming, development in all countries is facing difficulties. Whether in highly urbanized countries or in rapidly urbanizing developing countries such as China, the research on ecosystem services (ES) and land use management has attracted increasing attention. The general management of land use unilaterally pursues economic benefits and neglects ecological benefits, which aggravates the disparity between ecological development and the economic benefits of land resources. How to strike up a balance between ecologic protection and economic development remains a difficult problem during urbanization. It may be a better choice to formulate regional development strategies by combining natural conditions with humanistic and social tendencies. Identifying regional cultural ecosystem services (CES) and other important ES while performing zoning planning for regional land use can be a viable approach in land use management. Here, our study quantitatively evaluates the tourism experience of Xiaohuangshan Mountain (XHSM) and various ES, including recreation, biodiversity, history, aesthetics, soil conservation, surface water regulation, and soil nutrition. All ES were classified into four bundles for XHSM. Different ES bundles generated are suitable for different land use management methods and development forms according to their outstanding ES. The results show that quantifying and mapping regional ES bundles can provide the necessary information to support a win-win solution and provide decision support for land and spatial planning in areas with different social and ecological characteristics.
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1. Introduction


Land use activities provide people with material products and other services but also bring a series of profound changes in the surface environment, which is an important component and one of the main causes of global environmental change [1,2]. Intensive human activities have led to profound and complex changes in land use and landscape pattern, among which intensive agricultural production and urbanization have greatly changed the ecological environment. The intensity and nature of the supply and demand of ecosystem services (ES) are correspondingly transformed [3,4,5].



Benefits people obtain from ecosystems as ES are considered the contribution of natural capital to human well-being [6]. The Millennium Ecosystem Assessment identified ES classification as: regulating, provisioning, supporting, and cultural services [7,8,9]. Cultural ES (CES) are intangible services provided by the ecosystem, including the intangible services that people obtain through experiences such as scenery appreciation, physical and mental rest, and entertainment [8]. The prospect of ES assessment provides a theoretical basis directly connecting the natural background with societal development [10]. Recognizing and quantifying these services provided by ecosystems can help eliminate their “economic invisibility” in policy and decision-making. Meanwhile, the application of the ES principle can enhance rational national spatial planning [11,12,13].



Research on the value of ES and land use management has attracted increasing attention, especially in developing countries like China, which are undergoing rapid urbanization [14,15,16,17]. The general management of land use unilaterally pursues economic benefits and ignores ecological benefits, which aggravates the contradiction between ecological developments and economic benefits [18,19,20]. Therefore, how to strike up a balance between protecting the natural environment and promoting economic development, identifying regional cultural services, and other important ES, while carrying out zoning planning for regional land use, is a research area that cannot be ignored in land use management. Among them, cultural service hotpots are important tourism foundations in land utilization development [21,22]. Visual sensitivity, as an important indicator of CES, indicates the sensory intensity of an area, as visitors are usually attracted by the aesthetics and other services provided in the area [23]. It also has a significant impact on the quality of entertainment experiences [24]. To maintain a high-quality entertainment experience and minimize regional ecological damage, it is necessary to carefully evaluate and design land use policies to prioritize regional landscapes with high visual sensitivity and ecological importance [25,26].



ES bundles are a research method proposed in recent years to help improve multifunctional landscape management [27,28]. In 2007, the concept of “ecosystem service bundles” was proposed, and it was considered that nature could be regarded as a diverse set of ES [29]. The bundles are defined as the spatial or temporal aggregation of multiple ES. Yang et al. used the ES bundles to classify counties and identified the low-value and high-value areas of various services in China’s National Area [30]. Taking Inner Mongolia as a study area, the spatial synergies and trade-offs among 12 ES in 88 counties were systematically analyzed under the framework of ES bundles by Dou et al [31]. Chen et al. analyzed the trade-offs and synergies of ES in areas of high intensity human activity and the driving mechanism of their bundles [5]. Raudsepp-Hearne et al. found that the spatial distribution of the six types of ES bundles formed had potential links with various “social-ecological” subsystems [32]. At present, this method is mainly used to determine the relationships among ES and quantitatively analyze the spatial agglomeration characteristics of multiple ES [33,34,35]. The result of this feature identification can be used as the dominant function identification of land use. The introduction of the concept and method of ES bundles and quantitative assessment of land use function classification will be advantageous to examining and improving existing land use planning. Figure 1 shows the research framework of this study.



Xiaohuangshan Mountain (XHSM) is located in Changzhou City, Jiangsu Province. This area is one of the fastest growing economic and urbanization areas in China [36]. Economic development has powered the rapid urban expansion of the region [37]. XHSM has become a key area for future development, which needs sustainable development decision-making in government planning. This study selected a variety of ES in XHSM, combined the visual sensitivity and the ES bundles method to divide land use functions in the study area, and provided new research ideas for establishing a land use policy suitable for composite ecological space management.




2. Materials and Methods


2.1. Study Area


XHSM is located in Menghe Town, Changzhou City, Jiangsu Province, as shown in Figure 2. Menghe Town is an area of famous Chinese towns and villages with historical cultural value and is the hometown of Chinese folk culture and art. In 2018, Menghe Town was selected as one of the top 50 most beautiful small towns in China. The total area of XHSM is 1415 ha. Because of its location on the plains, the mountain resource of XHSM seems even more valuable. With the forest resources and unique cultural atmosphere, the study area attracts many visitors. Historically, XHSM had an adverse impact on the ecological environment due to mining and other reasons. However, later, it had a good ecological environment through the effects of ecological restoration with dense vegetation and good water quality. According to the construction of China’s ecological civilization, tourism development needs to be the future direction. Therefore, CES evaluation and tour experience (TE) of the study area requires serious consideration for inclusion in the land use management strategy. XHSM is a typical area with frequent “social ecology” activities, and it has an exemplary role in ecological management and future construction.




2.2. Data Sources


We conducted a questionnaire survey in XHSM in November 2019. A total of 300 random sampling survey questionnaires were distributed to respondents in the study area. There were 242 valid questionnaires, and the effective rate of the questionnaire was 80.67%. Table 1 provides information about the respondents.



The content of the questionnaire was divided into five parts. Part one included information about the social background of the respondents. Part two included information that affected the validity of the questionnaire, including whether the respondent was familiar with the area and whether any types of CES were obtained. Part three included attitude and preference information. Part four included value index (VI) information, which involves the respondents’ ratings of CES. Part five included sampling point data. In addition to social survey data, research data also need regional environmental data. Table 2 lists the detailed data sources.




2.3. Modeling Tour Experience


In this study, we used visual sensitivity to characterize the TE. The mountain’s tour TE is mainly determined by the terrain, the presence of elements that hinder visual appreciation, and the provision of cultural services accessible to potential visitors [23,25,38]. The study applied three influencing factors, namely distance (distance from the observation point to the visible area, VSd), slope (the slope of the visible area obtained from the observation point, VSa), and visibility (visibility can measure the speed of visitors along the road, and represents the intensity of travel and leisure, VSt) [39,40].


  V S d   =       1   ,   d ≤  D  m i n         D / d   ,  D  m i n   ≤ d ≤  D  m a x         0   , d ≥  D  m a x          



(1)







In Formula (1), Dmin represents the minimum visible radius in the densely vegetated mountains, Dmax represents the maximum visible radius, and d is the actual distance between the observation points and the viewshed of XHSM. When Dmin is set to 300 m, it corresponds to the farthest distance at which the observer can clearly distinguish different scenery. When Dmax is set to 600 m, the distant scenery attracts observers poorly; therefore, visual sensitivity is considered to be 0 [26,41].


  V S a = s i n  a      0 ° ≤ a ≤ 90 °    



(2)







In Formula (2), a is the angle between the XHSM surface and the ground plane, and VSa is the total area of the field of view [26]. When a = 90°, VSa is the largest visible area. In this case, the maximum visual sensitivity is set to 1.



The theoretical basis of VSt is a phenomenon that occurs when objects or infrastructure are observed from multiple observation points [42]. VSt adopts a grid terrain and is composed of multiple observation points as sources of view fields. The height of observers is set to 162 cm, which is the average height of visitors in China. The road length of XHSM is 114 km. We set observation points at 30 m intervals and obtained a total of 3491 observation points. This distance ensures the accuracy of the VSt model and that it is beneficial for repeated verification work.



Finally, the overall TE was constructed, which selected the average value to show these three factors and obtained the final composite map (0–1).


TE = average (VSa, VSd, VSt)



(3)








2.4. Quantifying and Mapping ES


The study selected seven important ES in XHSM, including recreation, biodiversity, historical, aesthetic, soil retention, surface water regulation, and soil nutrition. Table 3 shows the classification and meaning of each ES.



2.4.1. Quantifying and Mapping CES


The SolVES model was jointly developed by the USGS Geosciences and Environmental Change Science Center (GECSC) to comprehensively evaluate, quantify, and map various CES. SolVES uses social survey data and natural environment data to achieve multi-dimensional evaluation. The research results are based on comprehensive natural and social considerations, not just a single consideration. SolVES uses social value mapping research to quantify and map these social values through value index (VI), thus realizing the method of incorporating social factors into CES evaluation. The Maxent module in SolVES can display the evaluation results in a complete map display [43,44]. In this study, we used SolVES (version 3.0) to assess CES in XHSM. The key steps to generate the VI are shown in Figure 3.



CES are services that need be obtained through personal experience, and TE has a great impact on the assessment of CES. Meanwhile, to better integrate TE into the ES bundles framework, the calculation result of CES depends on the multiplication of TE and VI maps.




2.4.2. Quantifying and Mapping Other ES Factors


Soil retention: In this study, the calculation of soil retention is through the revised universal soil loss equation (RUSLE) [45]. We need to calculate the soil erosion on bare land RKLS = R × K × L × S, and the soil erosion with management measures and vegetation cover USLE = R × K × L × S × C × P, to obtain the soil retention RUSLE = RKLS − USLE, where R is the rainfall erosivity factor, K is the soil erodibility factor, L and S are terrain factors, C is the vegetation factor, and P is soil conservation measures factor.


  R =   ∑   i = 1   12     − 1.5527 + 0.1792  j i    ,  



(4)




where i is the month and ji is the monthly precipitation.



K reflects the soil’s corrosion resistance. Based on the specific conditions of the region, K values of different texture soils can be determined. The larger the K value, the worse the soil corrosion resistance, and vice versa.


  S =       10.8 s i n θ + 0.036 ,   θ < 5 °       16.8 s i n θ − 0.5 , 5 ° ≤ θ < 10 °       21.9 s i n θ − 0.96 ,   θ ≥ 10 °       ,  



(5)






  L =     λ / 22.13    m  ,  



(6)






  m = β /   1 + β   ,  



(7)






   β =   s i n θ / 0.0896     / [ 3   ( s i n θ )   0.8   + 0.56 ] ,   



(8)




where    θ    represents the slope of the ground, λ is the horizontal projected length of the grid cell, m is the slope length index, and β is the ratio of pit erosion.


  C =       1 ,     f = 0       0.6508 − 0.3436       0 ,     f > 78.3 %       l g f ,   0 < f ≤ 78.3 %   ,  



(9)






F = (NDVI − NDVImin)/(NDVImax − NDVImin),



(10)




where NDVI is the normalized vegetation index, and NDVImax and NDVImin are the maximum and minimum values of NDVI for the entire growing season of the vegetation.



P reflects the difference in soil erosion caused by vegetation management measures, which is mainly determined by LULC and ranges from 0 to 1.



Surface water regulation: In this study, the annual average runoff was used as the measurement index, which was obtained through the ArcGIS 10.3 hydrological analysis module. The data set were from a Digital elevation model (DEM) with a spatial resolution of 5 m.



Soil nutrition: In this study, the sensitivity of land degradation was used to characterize this indicator.


  D =   I × W × K × C  4  ,  



(11)




where D is the sensitivity index of land desertification in the evaluation area, and I, W, K, and C are the evaluation area dryness index, the number of days of wind from the sand, the soil erodibility factor, and the vegetation factor.


  I =   0.16 × TEMP /  PRCP    ,  



(12)




where TEMP is accumulated temperature, which refers to the sum of the daily average temperature ≥10 ℃ throughout the year, and PRCP refers to the total amount of precipitation during the year when the temperature is ≥10 ℃.





2.5. Statistical Analyses


All ES layers are normalized to a value of 0–100. To retain the data information to the greatest extent, this study unifies all data layers into a 10m × 10m grid. We synthesized the above layers and performed a K-means cluster analysis through R3.6.2 to identify each characteristic ES bundle [46].





3. Results


3.1. Survey Responses


In the questionnaire survey, we collected the respondents’ opinions on the suitable season to visit XHSM. Some respondents believed that one season was suitable for touring, while others believed that multiple seasons were suitable. Respondents could choose multiple seasons. The results are shown in Table 4.



In Table 4, Single choice, double choice, three choice, and full choice indicate that the respondent chose one, two, three, or all seasons, respectively, spring, summer, autumn, and winter, were considered good times to visit XHSM by 176, 89, 115, and 26 respondents, respectively. Spring was considered a more suitable season for visiting XHSM by 43% of people based on the survey results, while 22%, 28%, and 7% of people assume that summer, autumn, and winter, respectively, are more suitable seasons for visiting XHSM. The results show that spring and autumn were considered most suitable seasons for visiting XHSM.




3.2. Tour Experience


The TE based on the elements of slope, distance, and visibility was generated and is shown in Figure 4. Table 5 represents a statistical summary of TE in XHSM. We classified TE as very high, high, moderate and low.



A portion of the study area was identified as having very high and high TE (32.40%). These areas may be visited more frequently; therefore, close attention and careful planning of the landscape is required. The TE of most of the study areas was classified as moderate (40.22%), covering the main portion of the study area. These are the areas where people spend substantial time on activities, and corresponding development activities seem to be necessary. Approximately 27.39% of the study area is rarely seen. The potential visual impact of vegetation in these areas is low, and the low TE can ensure proper protection and natural regeneration of XHSM.




3.3. ES Distribution Status


The distribution characteristics of different types in XHSM are shown in Figure 5.



Areas with higher recreation value are formed in the area surrounding the road. Hot spots can form near water bodies and green areas. High biodiversity value areas are formed in the mountain area of XHSM with higher altitude, and high-value areas cannot be formed near roads. Areas with higher historical value overlap with urban areas at lower elevations. However, mountainous areas have mostly low historical value areas. High-value areas with aesthetic value are concentrated in the mountainous part of XHSM, and obvious higher value areas can be formed near the water body. Soil retention is mainly concentrated on the mountainous area where there is more vegetation coverage and less human activity. Surface water regulation is greatly affected by terrain, and high-value areas will be formed where the terrain is steep. Soil nutrition has high value areas where the terrain is flat.




3.4. Identification of ES Bundles


In this study, the K-means method was used to perform cluster analysis of seven ES in the study area. According to the ES characteristics provided by XHSM, all pixels were divided into four types (bundles) of similar ES (Figure 6). The four bundles were distinguished according to their dominant function and direction of administration: soil protection (SP), forest park (FP), sightseeing entertainment (SE), and ecological conservation (EN).



Table 6 shows the percentage contribution of each ES to the classification in XHSM and the area of each ES bundle. SP accounts for 24% of the study area. The three ES of soil retention, surface water regulation, and soil nutrition were significant, while the other services were below average and mainly distributed in flat tillage areas. FP accounts for 10% of the study area. The surface water regulation ability is significant, and it also has high historical and recreation value. It is mainly distributed among the mountain and forest resource concentration area of XHSM. SE accounts for 22% of the study area. The three CES of aesthetic, recreation, and biodiversity have higher value. This bundle is mainly distributed over areas with more visiting opportunities. EN accounts for 44% of the study area. The soil nutrition ability is significant, and it also has high historical and soil retention. This bundle is mainly distributed in most flat areas of XHSM.



Each bundle has a prominent capacity of certain services that other packages do not provide. Among them, SE has outstanding ability to provide CES. SP provides more natural regulating services. FP has both cultural and regulating services. For EN, the ability to regulating services is higher than CES.





4. Discussion


4.1. Seasonality


Most people assume that spring and autumn are more suitable seasons for visiting XHSM based on the survey results (Table 4). This may be due to the influence of local climate conditions, as the temperature is suitable in spring and autumn, and the locals have the custom of spring outings, so spring is considered to be the most suitable season. Phenological changes (flowering and leaf stage) may attract repeated visits in different seasons. The perception of CES may also change seasonally [47,48]. Managers need to consider how to cope with the needs of different seasons. In addition, from a seasonal perspective, meteorological conditions, such as the length of daylight and PM2.5 may improve the accuracy of the TE model.




4.2. Tour Experience Analysis


A TE model that combines slope, distance, and observation points can help us better identify hotspots for cultural services, and also help identify places that are important for conservation and management, thereby improving stakeholder understanding [49]. In recent years, the government has wanted to develop XHSM as a tourist resort to drive regional economic development. Areas of high-value TE and those that are more easily visited by people are considered to have better tourism development potential. This information can help land use managers identify areas with development potential. Additionally, policy makers and planners can use the model for area management development with similar requirements.



In areas with high TE, tourists may be subjected to strong visual impact, and managers must notice and carefully perform the necessary landscape planning. The quality of landscape in these areas will have an impact on tourists’ psychological and behavioral experience [50]. Appropriate landscape design and management of the area will greatly improve the travel experience. Therefore, how to enhance the attractiveness of the landscape is crucial for these areas [51]. Meanwhile, providing necessary entertainment facilities can even attract more tourists to the scene to enjoy the scenery, which will be beneficial for the development of entertainment and tourism. Intermediate-level TE areas cover almost half of the study area. These areas are places where tourists stay longer, and the corresponding infrastructure construction should be strengthened. The areas with low TE are less observed and more attention can be devoted to ecological conservation.




4.3. Implications for Land Use Management


The spatial heterogeneity of ES determines the ES bundles provided by a region. The clustering method can effectively classify similar ES regions, which are determined by similar social ecological factors. This enables better recommendations of specific sustainable development in different regions [52].



To further explore the relationship between land use and ES bundles, we calculated the distribution ratio of ES bundles corresponding to each type of land use in the study area by land category statistics. This analysis can comprehensively cover the ES of all land use in the study area, supply the relative strength between typical ES bundles, and distinguish the dominant ES of different land use areas to provide support for land use planning. The statistical results are shown in Figure 7.



It can be seen from Figure 7 that most of the land use types of SP are other agricultural land, water bodies, garden land, and arable land. Because of these land use types, SP itself has more natural regulating functions and provides less CES. In future planning, we can focus on ecological protection, reduce unnecessary construction and development, and preserve the local ES. Forest land and unuseland cover most of the FP area. Because of the existence of mountains in FP, it will have great significance for surface water regulation and CES. Due to some construction land left by the mining industry in the past, and some infrastructure and entertainment facilities built for tourism development, construction land also accounts for a significant part of FP. The corresponding ecological damage caused by development should be avoided, and protective development should be carried out.



Urban land, transportation land, and construction land are more distributed in SE. This may be due to the greater ability of urban land itself to provide CES, because of its historical heritage and greater entertainment opportunities. Convenient transportation will also facilitate tourists’ visit. The SE can determine future development plans based on its own characteristics, such as the transformation of urban features and the strengthening of tourism infrastructure. It is also an important part of the entire XHSM development. Most of the land use types of EN are arable land. In EN, regulating services are more provided, and the area is vast. From the perspective of arable land protection, the area should prioritize protection.




4.4. Discussion with Current Planning Policies


China has proposed national land and spatial planning since 2019. In preparing national land and spatial planning, local governments need to respond positively to the strict controls proposed by the state, such as the Ecological Red Line (ERL). In the past few years, the ERL has played a pivotal role in curbing the disorderly expansion of built-up areas, while preserving ecological integrity. It has been declared that the demarcation of the border and calibration of the “red line” regions with important ecological functions would be completed in the near future. Therefore, a detailed land use zoning method proposed is needed subsequently to facilitate meeting the national regulatory requirements for protecting the ecological environment and developing the local economy.



Economic activities should be performed in areas with prominent cultural service function and poor other service functions. In areas where cultural services are not prominent but other service functions are prominent, ecological protection should be emphasized. Such zoning management may be better aligned with various demands. Protective development is necessary for managers who conduct actual development in research areas. A favorable environment is an essential condition to attract tourists, and the corresponding construction activities should be based on the premise of not damaging the regional environment and ecological functions.





5. Conclusions


To achieve the balance between ecological protection and economic development, the development strategy of regional planning is formulated in combination with natural conditions and societal development trends. Solving a series of ecological problems accompanying urbanization through the above ideas may be the development direction of future urban planning. This study obtained social survey data, remote sensing data, natural environment data, and socioeconomic data to calculate the important local ES of XHSM. Finally, we calculated the seven ES of XHSM, including recreation, biodiversity, history, aesthetics, soil retention, surface water regulation, and soil nutrition. These ES simultaneously represented the views of regional natural systems and humanistic society. They were clustered into four ES bundles for XHSM using a K-means method. SP and EN bundle areas were considered important for protection, and further construction activities in these areas should be avoided. The FP bundle area needs to be developed without destroying ecological functions. The SE bundle area is the core areas for providing CES, and for future construction and development. The results obtained in this work show that quantifying and mapping regional representative ES bundles can provide the necessary information to support a win-win solution to land use management in areas with different social and ecological characteristics. It is of great significance to the sustainable development of the city.
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Figure 1. Research framework. 
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Figure 2. Location of study area. 
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Figure 3. SolVES model flow chart. 
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Figure 4. Tour experience (TE) in Xiaohuangshan Mountain (XHSM). (a) Slope-based sensitivity. (b) Distance-based sensitivity. (c) Visibility-based sensitivity. (d) Tour experience 






Figure 4. Tour experience (TE) in Xiaohuangshan Mountain (XHSM). (a) Slope-based sensitivity. (b) Distance-based sensitivity. (c) Visibility-based sensitivity. (d) Tour experience



[image: Remotesensing 13 00242 g004]







[image: Remotesensing 13 00242 g005 550] 





Figure 5. Spatial distribution of ES in XHSM. 






Figure 5. Spatial distribution of ES in XHSM.



[image: Remotesensing 13 00242 g005]







[image: Remotesensing 13 00242 g006 550] 





Figure 6. ES bundles identified by K-means clustering in XHSM. (a) The deviation from average of each ES is used to better represent the ES of each bundle. (b) SP: Soil protection bundle; FP: Forest park bundle; SE: Sightseeing entertainment bundle; EN: Ecological conservation bundle. 






Figure 6. ES bundles identified by K-means clustering in XHSM. (a) The deviation from average of each ES is used to better represent the ES of each bundle. (b) SP: Soil protection bundle; FP: Forest park bundle; SE: Sightseeing entertainment bundle; EN: Ecological conservation bundle.



[image: Remotesensing 13 00242 g006]







[image: Remotesensing 13 00242 g007 550] 





Figure 7. Statistical graph of the relationship between land use types and ES bundles. 
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Table 1. Respondent’s information.
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Characteristic

	
Category

	
Total

	
Characteristic

	
Category

	
Total






	
Age

	
<18 years

18–30 years

31–40 years

41–50 years

51–60years

>60 years

	
14

43

62

56

31

36

	
Sex

	
Male

	
103




	
Female

	
139




	
Education

	
Junior high school

	
137




	
Senior high school

	
68




	
University

	
37




	
Local

	
Yes

	
179




	
No

	
63
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Table 2. Data sources.
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	Data
	Source
	Spatial Resolution





	Digital elevation model (DEM)
	RIVERMAP.CN Maps Downloader (http://www.rivermap.cn/)
	5 m



	Slope
	Spatial analysis of DEM
	5 m



	Hillshade
	Spatial analysis of DEM
	5 m



	Distance from road
	Spatial analysis of road
	5 m



	Distance from water
	Spatial analysis of water bodies
	5 m



	Land use and land cover (LULC)
	Changzhou City Natural Resources and Planning Bureau
	5 m



	GF-1 data
	China Center for Resources Satellite Data and Application
	10 m



	Social survey data
	Survey questionnaires
	/



	Meteorological data
	National meteorological data center
	Vector



	Soil map
	Changzhou City Natural Resources and Planning Bureau
	Vector



	Road, water, and boundary data
	Changzhou City Natural Resources and Planning Bureau
	Vector
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Table 3. Descriptions of ecosystem services (ES) types.
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	ES Types
	ES Description





	Recreation
	This area provides a place for outdoor leisure activities that I like.



	Biodiversity
	This area provides abundant animal and plant resources.



	Historical
	The area has recorded important historical events or historical traditions.



	Aesthetic
	This area provides beautiful scenery, pleasant sounds, etc.



	Soil retention
	Soil erosion will reduce land productivity and cause natural disasters such as landslides.



	Surface water regulation
	Surface runoff can regulate water quality and purify pollution.



	Soil nutrition
	This study indicates the cost of protective development. The higher the soil nutrition, the lower the cost of protective development.
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Table 4. Statistical results for suitable seasons.






Table 4. Statistical results for suitable seasons.





	Multiple Choice
	Spring
	Summer
	Autumn
	Winter





	Single choice
	84
	23
	30
	1



	Double choice
	51
	27
	44
	4



	Three choice
	22
	20
	22
	2



	Full choice
	19
	19
	19
	19



	Total
	176
	89
	115
	26
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Table 5. Statistical summary of TE.






Table 5. Statistical summary of TE.





	Tour Experience
	Value
	Area (ha)
	Percentage (%)





	Very high
	0.52–0.74
	36.77
	2.60



	High
	0.45–0.52
	421.67
	29.80



	Moderate
	0.39–0.45
	569.16
	40.22



	Low
	0.30–0.39
	387.58
	27.39
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Table 6. Contribution percentage of each ES to classification in XHSM.
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	ES Bundle
	Area (%)
	Recreation

(%)
	Biodiversity

(%)
	Historical

(%)
	Aesthetic

(%)
	Soil Retention

(%)
	Surface Water Regulation

(%)
	Soil Nutrition

(%)





	Soil protection (SP)
	24
	23
	15
	13
	18
	10
	12
	10



	Forest park (FP)
	10
	27
	15
	14
	19
	8
	13
	8



	Sightseeing entertainment (SE)
	22
	26
	16
	12
	21
	8
	9
	8



	Ecological conservation (EN)
	44
	25
	15
	14
	17
	10
	10
	10
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