

  ijerph-18-08356




ijerph-18-08356







Int. J. Environ. Res. Public Health 2021, 18(16), 8356; doi:10.3390/ijerph18168356




Article



Landscape Dynamics Improved Recreation Service of the Three Gorges Reservoir Area, China



Dengyue Zhao 1, Mingzhu Xiao 2, Chunbo Huang 1,3,*[image: Orcid], Yuan Liang 2 and Ziyue An 1





1



Research Center for Spatial Planning and Human-Environment System Simulation, School of Geography and Information Engineering, China University of Geosciences, Wuhan 430078, China






2



School of Arts and Communication, China University of Geosciences, Wuhan 430074, China






3



Hubei Engineering Technology Research Center for Forestry Information, College of Horticulture and Forestry Sciences, Huazhong Agricultural University, Wuhan 430070, China









*



Correspondence: huangchunbo@cug.edu.cn







Academic Editor: Paul B. Tchounwou



Received: 24 June 2021 / Accepted: 4 August 2021 / Published: 6 August 2021



Abstract

:

Spatio-temporal variations of recreation service not only could help to understand the impact of cultural services on human well-being but also provides theoretical and technical support for regional landscape management. However, previous studies have avoided deeply quantifying and analyzing it or have simply focused on assessing recreational service at a single period in time. In this study, we used the InVEST model to evaluate the spatio-temporal variations of recreation service in the Three Gorges Reservoir Area and demonstrated the impact of recreation service on landscape dynamics. The results demonstrated that recreation service increased significantly and presented a significant spatial heterogeneity. Although afforestation and urban expansion both could significantly increase recreation service, the recreation service proxy of the non-vegetation landscape is far higher than that of the vegetation landscape. This finding indicated that human landscape is more attractive to tourists than the natural landscape, so we recommend to strengthen the infrastructure construction for enhancing the accessibility of natural landscapes. Moreover, we propose other constructive suggestions and landscape-design solutions for promoting recreation service. This study shifted the static environmental health assessment to the analysis of recreation service dynamics, bridging the regulatory mechanisms of ecosystem services involved in cultural services.
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1. Introduction


Ecosystem services are the benefits that people obtain from ecosystems [1,2]. The Millennium Ecosystem Assessment classified ecosystem services into four sections, i.e., provisioning service, regulating service, supporting service, and cultural service. Cultural services are defined as non-material benefits that people obtain from the ecosystems through spiritual enrichment, cognitive improvement, reflection, recreation, and aesthetic experience [3]. Cultural services are often generated by the interdependence of other key ecosystem services [4]. Many scholars have already studied some relevant ecosystem processes and services related to cultural services [5,6,7,8]. For example, Dickinson et al. [9] conducted a qualitative review of literature to identify key characteristics of cultural ecosystem services and challenges to cultural ecosystem services research. Dou et al. [10] analyzed the impact of the Chinese ecological restoration policy on the cultural ecosystem services of rural communities by taking Guyuan city in China’s Ningxia Hui autonomous region as a case study. It makes the role of cultural services in social-natural ecosystems increasingly recognized and understood by people. However, it is difficult to estimate and value because of the conceptual ambiguity, the interdisciplinarity, and the controversial research methods of cultural services [2,11]. Research on ecosystem services is dominated by the natural sciences and economics, but cultural services research requires social science and humanistic perspectives [12]. Scientists and policy makers need to consider the multidimensional relationships between human well-being, nature, as well as cultural and social values to capture the relevant benefits and understand the underlying mechanisms and drivers of change [13]. Integrating cultural services into an ecosystem services assessment and trade-off framework in the same way as regulation services still is a challenging issue. Moreover, numerous studies neglect cultural ecosystem services, which were consistently weaker in terms of assessment and trade-offs [14,15,16]. But the interdisciplinarity of cultural services determines its enormous research potential and significance. It also is an important basis for integrating ecosystem services to trade-off, connect, and solve scientific problems in multiple fields [11]. Therefore, it is necessary to evaluate cultural services to improve our understanding of the interactions between society and ecosystems.



Since quantifying and analyzing cultural services is difficult, previous studies have avoided and neglected these services [6,17,18]. The assessment indicator of cultural services remains imperfect; therefore, many scholars have used a variety of methods to better understand and quantify cultural services [14,19]. Richards et al. [20] analyzed social media photos with the Google Cloud Vision image-recognition algorithm to evaluate the cultural ecosystem services in Singapore. Thiele et al. [21] applied an indicator framework for spatially assessing the cultural ecosystem services provided in German river landscapes. Besides, the monetized accounting and quantitative scoring methods are also the main measures for assessing cultural service. However, monetized accounting is subject to numerous controversies in terms of assessment errors and theoretical foundations, while quantitative scoring is accepted by more researchers [6,14]. In addition, the benefits that cultural services enhance for humanity are not tangible and therefore are difficult to assign a monetary value [22]. Moreover, many studies have mostly conducted static studies with survey or assessment results of a single period, while dynamic studies monitoring the spatial and temporal variations of regional cultural services are still lacking. Therefore, there is an urgent need to dynamically identify and observe the impact of cultural services on human well-being. The spatial-temporal evolution of cultural services is usually characterized by GIS tools [19], selecting specific cultural service types, such as recreation proxy [14], ecotourism proxy [23], cultural heritage [24], and educational value [19,25], to map the spatial distribution. Meanwhile, the past dynamics and the future changing trends of these service indicators should be analyzed and predicted to document the temporal evolution of cultural services. This approach not only helps people understand the impact of cultural services on human well-being but also provides theoretical and technical support for regional planning and land-use policies.



The Three Gorges Reservoir Area (TGRA) is rich in natural and humanistic tourism resources, and tourism benefits are an important part of the region’s economy [26,27,28]. There are 177 A-class scenic spots, including 13 5A-class scenic spots, such as Dazu Rock Carvings, Three Gorges Dam, and Badong Shinlong Stream [28]. But except for the Yangtze River Three Gorges coastal and the Daning River Small Three Gorges, which have high visibility and attraction, the tourist sites in the hinterland of the reservoir area are not very influential [29]. In recent years, the level of the tourism economy in the TGRA has gradually improved, but there are still many problems. For example, there are conflicts between regional development and ecological protection [30], and the development of ecological tourism resources in the reservoir area is weak. Tourism infrastructure (e.g., road network density and grade) and hospitality facilities (e.g., hotels) are lagging. Therefore, it is necessary to vigorously advocate ecological tourism in the reservoir area and strengthen infrastructure construction to improve the utilization rate of natural and humanistic tourism resources and promote the economic development of the TGRA [31]. However, with the impoundment of the Three Gorges Dam and the increase in water level in the reservoir area, some humanistic landscapes, such as Zhang Fei Temple, have been submerged. Although other landscapes, such as the Baidi City in Fengjie, have not been submerged, it has been turned into an isolated island. To effectively save tourism resources, people have preserved some humanistic landscapes by relocating them. However, after the construction of the Three Gorges Water Conservancy Project, water storage has brought new tourism resources, such as the High Gorge Lake, the Three Gorges Dam, and water activities like paragliding. Reservoir storage has a profound impact on tourism development in the TGRA. It not only destroys some original landscapes but also brings humanistic tourism resources to these new landscapes. Therefore, the TGRA accomplished a transition of the humanistic tourism resources from the “Old Three Gorges” to the “New Three Gorges” [32]. The transformation alters the structure and function of tourism products in the reservoir area [33]. Therefore, analyzing the evolution of cultural services in the TGRA in the past decades is important for balancing regional economic development and ecological conservation.



In this study, we used the InVEST model to evaluate the recreation service of the TGRA and analyze its spatial and temporal variations. A shift from assessing the static recreation service to analyzing the recreation service was conducted to explore the feedback principle of cultural services on the landscape configuration evolution and to attempt to bridge the regulatory mechanisms of ecosystem services involved in cultural services. The specific objectives are as follows: (1) constructing a multiple regression model for assessing the recreation service; (2) characterizing the spatial and temporal variations of the recreation service in the TGRA; and (3) demonstrating the differences of recreational services for various landscapes and the response of recreational service on the landscape dynamics to provide a theoretical basis for the improvement of recreation services in the TGRA.




2. Materials and Methods


2.1. The Study Area


The TGRA is located in the upper and middle reaches of the Yangtze River (Figure 1) and lies between 28°31′–31°44′ N and 105°50′–111°40′ E. The reservoir area is located in the Sichuan Basin and the Yangtze River Basin, which joins the plain rivers. Its easternmost part is Yichang, Hubei Province, and its westernmost part is Baxian County, Chongqing City. It is about 5.8 × 104 km2, containing four counties in southwestern Hubei (Yiling, Zigui, Xingshan, and Badong) and 16 districts and counties in east-central Chongqing (Wuxi, Wushan, Fengjie, Yunyang, Kaixian, Wanxian, Zhongxian, Shizhu, Fengdu, Wulong, Fuling, Changshou, Yubei District, Banan District, the main city of Chongqing, and Jiangjin City). In 2018, the resident population of the TGRA was 21,025,900, with an urbanization rate of 64.42%. The TGRA has a humid, mid-subtropical monsoon climate, with a mean annual temperature of 20 °C and mean annual precipitation of 1200 mm. It is a typical biodiversity hotspot with rich plant resources in China.



The natural resources mainly include rapids, canyons, caves, etc. There are also unique human resources, such as stone carvings, hanging coffins, and ancient architectural complexes. The natural landscapes that are generated by the special topography and transitional climate of the TGRA mainly include mountain and water landscapes. The reservoir area includes more than 10 main tributaries, such as the Daning River, Wu River, and Jialing River, presenting a variety of water landscapes. The mountain landscapes include the twelve peaks of Wu Mountain, such as Wind Box Gorge, Goddess Peak, Bawu Gorge, Jingyinkuijia Gorge, and Cuokai Gorge, as well as the Little Three Gorges, Xiniuwangyue Gorge, and Niuganmafei Gorge in the Daning River Basin. The cultural landscapes contain Zhang Fei Temple, Luyou Cave, White Crane Ridge, Eight Formations, Zhanghuanhou Temple, Du Fu Thatched Cottage, Han Dynasty Stone Que, Baojian Gorge, etc. Based on this special natural geographical environment, tourism in the reservoir area has been in a steady growth stage. In 2018, the region received 564,096,800 tourists, accounting for 21% of the total number of tourists received nationwide, and generated a total tourism revenue of $39.58 billion, accounting for 21% of the total tourism revenue [28]. However, the development level of each county is still unevenly affected by many factors, so the research still needs to be further deepened [34].




2.2. Ecological Model of Recreation Service


In this study, the InVEST Recreation model was used to assess the recreation service of the TGRA. To quantify the natural environment and socio-economic values, the model predicts visits to the landscape based on its location, accessibility, and the infrastructure that attracts people to choose recreational locations [35,36]. Due to the lack of historical data on landscape visits, the geotagged images posted on the Flickr website (https://www.flickr.com/, accessed on 13 November 2018) were used as a proxy for the number of visits to predict the spread of person-days of recreation in space. Flickr is a popular SM platform for nature photographers, with over 90 million monthly active users in 2018, allowing users to access publicly available content for non-commercial use through their Application Programming Interface (API) [37]. Using the location information on photos as well as the photographer’s username and the date that the photo was taken, the InVEST model can calculate the total photo-user-days for each grid cell or polygon. The average annual number of photo-user-days is then returned to the user. Next, the model evaluates the contribution of each attribute to the number of visits through a multiple linear regression equation. Additionally, the spatial distribution of visits is estimated based on the regression equation (Equation (1)).


  y =  a 0  +  a 1  ×  x 1  +  a 2  ×  x 2  + ⋯ +  a p  ×  x p   



(1)




where y is the number of visits, and x is the independent variable associated with the number of visits. a is the parameter of the independent variable.



The predictor variable in this algorithm is the annual number of photo visits, while the independent variables mainly include natural resources, such as forests and lakes; infrastructures, such as roads and hotels; and variables related to the cost of visits, such as the range of activities associated with the distance from the airport [35,38].




2.3. Assessing the Recreation Service


Many ecosystems have important value as places where people can come for rest, relaxation, refreshment, and recreation [2]. With the increase in population, wealth, and leisure time, the demand for recreation in natural areas and man-made landscapes will likely continue to grow in the future. According to the InVEST model user’s guide, a major and growing component of recreation is its nature orientation, which includes interaction with the natural environment. Additionally, some recreational activities depend on other attributes, such as infrastructure and cultural attractions. Therefore, the recreation service is influenced by both natural environmental and socio-economic conditions [5,7,19]. The natural environmental conditions include topography, hydrological environment, and surface landscape type. The socio-economic conditions also include the distribution of tourist attractions, accessibility, and accommodation conditions.



We selected 13 indicators (nine natural environmental factors and four socio-economic factors) from the two systems of natural environmental conditions and socio-economic conditions based on the collection of the natural environment and socio-economic data in the TGRA (Table 1). Temperature and rainfall data from natural and environmental factors were provided by the Data Center for Resources and Environmental Sciences, Chinese Academy of Sciences (http://www.resdc.cn, accessed on 13 November 2018). At the same time, we downloaded the 30 m resolution DEM data (ASTER Global Digital Elevation Model V002, http://www.gscloud.cn/, accessed on 13 November 2018) to obtain the elevation and used ArcGIS spatial-analysis tools (Version 10.2.2) to generate the slope map. Other natural and environmental factors, such as SOC and land-use data, were provided from other studies [30,39]. Moreover, the road-density data was provided by the National Geomatics Center of China (NGCC) (http://ngcc.sbsm.gov.cn/, accessed on 13 November 2018), while the other three socio-economic factors were acquired from Baidu maps.




2.4. Statistic Analysis


2.4.1. Trend Analysis


Trend analysis was used to identify the changing trend of recreation services proxy. Many different statistical methods (such as correlation and regression analyses, time-series analyses, and methods based on nonparametric statistics) are available for detecting and estimating possible trends in the environmental variables of interest. Referring to the relevant studies [40], we chose the least squares linear regression model (Equation (2)) to analyze and describe the changing trend of recreational services in the TGRA. In this paper, we obtained a sample size of 615, and the freedom of the regression model was 607. Besides, the multiple R-squared is 0.7452, while the adjusted R-squared is 0.7418. The statistical significances of these variations were reflected by the t-test and p-value of the modeled slope.


y = ax + b



(2)




where y is the recreation service indicator, and x is the time (year). a is the modeled slope, which could reflect the annual variation rate of the recreation service indicators, and b is the intercept of the regression model.




2.4.2. Correspondence Analysis


Correspondence analysis is a data analysis model that attempts to consider the distance between study objects by combining classification methods with graphical modeling [31,41,42]. This method was employed to identify the relationship between the landscape changes and the recreation services changes. Based on their spatial information, we counted the grid number of the various characteristics of cultural services at a 1-km grid scale. In applying correspondence analysis, the number of grids was discretized to place the data into a contingency table. The column names contain the two pollutant change characteristics and their names, while row names contain the names of the landscape-change types. With the help of the correspondence analysis function in R language, the relationship between landscape-change characteristics and recreation-service-change characteristics was explored using the distances between row and column categories, which were embedded in the corresponding analysis plots.






3. Results


3.1. Recreation Services of the TGRA


We introduced into the optimal regression equation with eight independent variables, of which four were natural environmental factors and four socio-economic factors, respectively (Table 2). All independent variables passed the t-test at 95% significant level, with the density of tourist attractions and the proportion of water bodies passing the t-test at 99% significant level. Moreover, the adjusted R2 of this regression model was approximately 0.75, indicating that the reliability of this regression model is strong, and this model can meet the needs of our study.



The results of multiple regression analysis demonstrated that the recreation service of the TGRA was positively correlated with the density of tourist attractions for which the estimated parameter was 0.44. Meanwhile, the recreation service was also positively correlated with the other four variables (including minimum distance to hotel, road density, forest coverage, and proportion of water area). Additionally, their estimated parameters in the regression model were 0.55, 7.77, 0.34, and 1.69, respectively. However, the recreation service of the TGRA was negatively correlated with the minimum distance to traffic station, elevation, and proportion of built-up area. Their estimated parameters were −0.04, −0.01, and −0.65, respectively.



Based on the optimal regression model of recreation service (Figure S1), the recreation service proxy of the TGRA increased from 5.23 in 2000 to 10.76 in 2015. The results of the trend analysis demonstrated that the recreation-service proxy of the TGRA was growing at a linear rate of 0.37 per year. Within each period, the increased rate of the recreation service proxy was lower during 2000–2005, while the higher growth rate was observed during 2010–2015.




3.2. Spatial and Temporal Variations of the Recreation Service


Grids with a high recreation service were mainly distributed around the built-up areas in the TGRA, and the recreation-service proxy was up to 375 (Figure 2a). In addition, the recreation service was relatively higher in the northeastern and southwestern regions of the reservoir area. According to the trend analysis (Figure 2b), the maximum growth rate of the recreation-services proxy was as high as 13.15 per year and was mainly located near construction sites and the Yangtze River. The results of the t-test for the change rate of the recreation-services proxy (Figure 2c) showed that about 50% of the grids failed to pass the t-test at the 95% significant level. The grids with a significant increase in recreation services accounted for 19% of the study area and were mainly distributed in blocks along the banks of the Yangtze River. In addition, the recreation service did not significantly change in 30.91% of the TGRA. The grids with a significant decrease in recreation services accounted for only 0.04% of the TGRA (Figure 2d).



The recreation service vertical characteristics exhibited a distinct spatial heterogeneity in the TGRA (Figure 3). In the altitude hierarchy (Figure 3a), the recreation service was highest in the <500 m zone, where it had the largest growth rate, with 0.59 per year for the proxy. However, the recreation service was lowest in the 500–1000 m zone, where it had a smaller growth rate, with 0.28 per year for the proxy. The two zones showed exponential growth in the recreational service, while the >1000 m zone showed linear growth, with a rate of 0.21 per year for the proxy. In the slope gradation (Figure 3b), the recreation service was lower in the <15° zone than those in the >25° zone in 2000 and 2005. However, the recreation service significantly increased dramatically after 2005 in the <15° zone, and this zone turned into the largest slope subdivision for recreation services. In addition, the growth rate of the recreation-service proxy was highest in the <15° zone, with a value of 0.56 per year. The recreational service was at its minimum in the 15–25° zone, where the growth rate was 0.27 per year for the proxy. Moreover, the recreation-service proxy in the 15–25° zone was always less than 8 between 2000 and 2015. Meanwhile, the recreation service proxy in the >25° zone had the smallest growth rate of 0.21 per year.




3.3. Spatial Heterogeneity of the Recreation Service


We analyzed the spatial heterogeneity of the recreation service in the 20 counties (Figure S2a). The recreation service was highest in Chongqing, where the proxy was about 30.94. Meanwhile, the recreation service was lowest in Zhongxian, where the proxy was only 1.76. The recreation service was higher in these three counties, which are Yiling, Yubei, and Chongqing. Their recreation-service proxies exceeded 10. Additionally, the recreation-service proxy was less than 5 in the other six counties in the middle of the reservoir area, such as Kai County, Fengjie, and Zhongxian. According to the trend analysis, the modeled slope of the recreation-service proxy reflected the dynamic characteristics of recreation services in each county (Figure S2b). Meanwhile, the modeled slope passed the t-test in the 14 counties. These results indicated that recreation services had increased in all 20 counties. Among them, Chongqing and Yubei had higher growth rates, with values of 1.596 and 1.193, respectively. While the growth rates of Xingshan, Fengjie, and Zhongxian were lower, with values of 0.176, 0.149, and 0.143, respectively, only Fengjie passed the significance test among these three counties.



Our study conducted a hierarchical clustering analysis to characterize the recreation service for each county in the TGRA (Figure S3). The distribution and dynamic characteristics of the recreation service in the 20 counties within the reservoir area can be divided into two categories as follows: (1) counties with a high level of the recreation service— there are two counties, i.e., Yubei and Chongqing, which are distributed in the western part of the reservoir area. Their recreation service proxies are up to 30; and (2) counties with a low level of the recreation service, such as Zigui, Fengjie, and Zhongxian. Their recreation service proxies are less than 10 between 2000 and 2015.




3.4. Relationship between Landscape Dynamic and Recreation Service


The capacity of the recreation service altered among these land-use-change types, but all showed an increasing trend from 2000 to 2015 (Figure S4). The recreation-service proxy increased from 24.32 in 2000 to 42.87 in 2015 for the other land use, which includes built-up land and water bodies. Meanwhile, the growth rate of the proxy was higher, with a value of 1.26 per year. The recreation services of vegetation landscapes were lower, and the proxy was fluctuating consistently between 4 and 8 during 2000–2015. The recreation-service proxy of forestland increased from 5.56 in 2000 to 9.52 in 2015, and the growth rate of the proxy was 0.26 per year. At the same time, the growth rates of the proxies were 0.29 and 0.38 per year for deforestation and cropland, respectively, while grassland had the lowest growth rate of the recreation-service proxies, with a value of 0.08 per year.



Correspondence analysis between landscape changes and recreation-service changes showed that the first dimension explained 90.4% of the variance, while the second dimension explained only 9.6% of the variance. According to the corresponding analysis diagram (Figure 4), most of the landscape-change categories were concentrated near the “no change in recreation” indicator (Rec). It is illustrated that these landscapes could not significantly alter the recreation service. In addition, the concentration also demonstrated that they have extremely similar impacts on the recreational service. The loss of afforestation, cropland, and the increase in construction land were distributed near the “increase in recreation” indicator (Rec+), showing that these landscape changes could effectively contribute to the enhancement of recreational services. Rec and Rec+ were close together but distant from the “decrease in recreation” (Rec−), and there were no categories of landscape change near Rec-. It indicated that the landscape evolution of the TGRA between 2000 and 2015 had not significantly decreased the recreational service.





4. Discussion


4.1. Assessing and Characterizing the Recreation Service


Leisure and tourism are important economic components in many countries and the tertiary sector, positively impacting the quality of life, habitat, social connections, physical well-being, and other intangibles in many ways [14]. Recognizing and valuing the benefits of ecosystems in supporting nature-based recreation and rapidly growing ecotourism can play an important role in alleviating poverty, especially in developing countries where much of the world’s natural capital is located [43]. Ferraro et al. [44] demonstrated that nearly two-thirds of poverty reduction can be attributed to ecotourism related to recreation services. To quantify this service, the natural ecological factors and human social factors were used to construct a multiple linear regression model based on the InVEST model for assessing the recreation service of the TGRA. We ran the model iteratively to select suitable independent variables. However, it is difficult to compare the relative contributions of the respective variables to the predictor variables because these independent variables are spatial data [35]. Overall, the adjusted R2 of the multiple linear regression model was as high as 0.75, indicating that the reliability of this regression model is strong, and the model could be used to assess the recreation service of the TGRA.



Based on the model of the recreation-service proxy, the recreation-service proxy of the TGRA presented a linear growth during 2000–2015 (Figure S1). The minimum growth rate of the recreation-service proxy occurred during 2000–2005, while the maximum growth rate occurred during 2010–2015. As the recreation service is affected by the interactions of the natural environments, infrastructures, and cultural identity, the larger growth rate in the later period might be caused by the improvement of ecological conditions in the reservoir area and the rising cultural demands of the people in this area [26,32]. The TGRA has unique natural landscape resources and superior human landscape resources, which can combine natural sceneries, cultural characteristics, socio-economic development, and water conservancy projects into a whole. This provides residents with a range of cultural services for leisure and recreation, such as experiencing nature, recreational activities, relaxation, outdoor sports, and aesthetic experiences. It contributes to the mental and physical recovery of residents. Therefore, there is a strong development demand for cultural services that has contributed to the increase of the recreation service in this area.




4.2. Spatial Heterogeneity of Recreation Services


The recreation service was higher in Yiling, Yubei, and Chongqing. In particular, the recreation-service proxy was more than 35 in Chongqing, far exceeding other regions (Figure S3). Although the natural resources of these three counties are far worse than that of other counties, their population density, attraction number, and infrastructure development level are far higher than that of other counties. This demonstrated that infrastructure development and construction have a strong impact on the recreation service. A similar finding was reported by Heagney et al. [44], who identified and established the infrastructure as the primary driving factor of the recreation demand. Moreover, grids with middle and high recreation-service levels in the TGRA were mainly concentrated in and around the built-up areas. The recreation service was higher in a few of the natural landscapes, but the proxy values were much lower than that of the cultural landscapes (Figure 2). Therefore, although the reservoir area has many excellent natural resources, the shortages of the infrastructure and tourism developments make the natural landscape more difficult to access than the cultural landscape. Moreover, the multiple regression model of the recreation-service proxy documented that the recreation service was positively correlated with the road density and the minimum distance to hotels (Table 2), which further illustrated the urgency of building infrastructure. Therefore, the development and construction of infrastructure are vital for addressing the travel and living issues of visitors.



According to the vertical characteristics of the recreation service in the TGRA (Figure 3), we found that human activities are most intense in the grids with a lower altitude and gentler slope. Meanwhile, there are more cultural landscapes in these grids. In contrast, although the natural landscapes are excellent in the regions with higher altitudes and steeper slopes, the landscape accessibility is lower due to the lack of infrastructure. On the one hand, the vertical characteristics of the recreation service indicated that the human landscape of the reservoir area is more attractive to tourists than the natural landscape. On the other hand, it demonstrated the incompleteness of infrastructure development and construction in these areas with higher altitudes and steeper slopes. Visitor demands in remote areas are associated with facilities, such as day-use areas, retail, and camping, reflecting the lack of infrastructure in the surrounding areas [44]. Therefore, it is necessary to strengthen the construction of infrastructure in the high-altitude areas with beautiful natural landscapes and enhance the accessibility of scenic areas to attract tourists and upgrade the recreation service in the region.




4.3. Response of Recreation Services to Landscape Evolution


The recreation services significantly varied among the vegetation landscapes and the non-vegetation landscapes (Figure S4). This might be due to the urbanization development and the infrastructure construction. In addition to causing significant environmental changes, urbanization leads to dramatic changes in people’s lifestyles [45]. The increase in people’s leisure time has also expanded the demand for leisure and entertainment. Additionally, the demand for a good quality of life and a healthy urban environment is also rising significantly [46]. By comparing the distance between landscape evolution types and the recreation-service-change types in the corresponding analysis (Figure 4), both afforestation and urban expansion could effectively increase the level of the recreation service. Jůza et al. [47] also found that forests are recreational places for all ages and have a high value for recreational services. In contrast, the recreation service had no significant changes in most of the other landscape changes. Besides, the landscape dynamics during the past 15 years have not directly decreased the potential of the recreation service. This may be because revegetation has increased the potential recreation service of the natural landscape, and urban expansion has strengthened the infrastructure development and construction, thus effectively increasing the potential recreation service of the human landscape [32]. Therefore, ecological protection and urban construction in the reservoir area both have enhanced the potential ability of the recreation service from different perspectives.



As the urbanization process accelerates, the suburban recreational forests have received more and more attention. The result was in line with Prete et al. [48], who confirmed the growing interest in forests, including the demand for forest tourism and recreational activities. In the forest ecosystem, people can be freed from artificial environments, sedentary lifestyles, and virtualized social relationships [49]. Besides, leisure and tourism in the forest landscape could help people reduce stress, stimulate physical activity, and promote social cohesion [49]. However, visitors prefer the inner city for daily activities, such as dog walking and jogging, over the forests around the city [45]. Therefore, a tourist attraction located in a densely populated area can attract more visitors due to its convenient location. This demonstrates that the level of urbanization construction and infrastructure development plays an important role in leisure and recreation. However, the multiple regression model indicated that the recreation service is negatively correlated with the proportion of built-up area (Table 2). The shortages of green infrastructure in cities may partly explain this phenomenon. Therefore, we suggest that policy makers should pay attention to the reasonable allocation of built-up land and scenic woodland when conducting urban planning so as to create an environment-friendly city.




4.4. Landscape-Planning Suggestions


The TGRA has both unique natural landscape resources and high-grade human landscape resources, which contributes to a region of high-quality tourism resources. But the high-intensity vegetation destruction in the past decades and the barren hills on both sides of the Yangtze River have seriously affected the scenery of the reservoir area [31]. If effective measures are not taken in time, it will not only cause the waste of tourism resources but will also be detrimental to economic development. As an important eco-economic zone, eco-tourism is an essential economic component of the reservoir area. Therefore, the rational regulation of scenic forests in the reservoir area and cities can improve the habitat conditions and promote construction and the development of tourism. We provided some landscape-planning schemes to attract more visitors and increase the cultural services of the TGRA.



First, we suggest building landscape-viewing platforms to improve the accessibility of the natural landscape (Figure 5a). Comprehensively integrating the cultural heritage landscape genes of the TGRA into these viewing platforms could help to showcase the region in all aspects. Meanwhile, we suggest construction of a unique, digital cultural landscape website of the reservoir area to share these natural landscapes. The website could contribute to displaying photography works; therefore, these viewing platforms are vital photography spots to help tourists find the best viewing position of the reservoir scenery and attract more visitors to go there. Four routes were designed to connect these viewing platforms: (1) a cultural route that connects with cultural heritage and could provide the functions of relaxation, gathering, and appreciation; (2) an eco-environment route that links with mountain and water landscape and is characterized by wildness, quietness, and coolness; (3) a feature vegetation route characterized by appreciation, conversation, and walking; and (4) an immersion route that ties in with cycling and experiencing activities. This landscape-planning scheme increases the diversity of motivations for travel, thus increasing the number of tourism visits to the TGRA. In addition, the setting of viewing platforms enhances the sense of participation, interaction, and benign bonding with the TGRA, which makes visitors have a better tourism experience.



Secondly, constructing an immersive hiking route links the mountain landscapes and cultural resources through the topographical combing of the reservoir landscape to strengthen the natural context (Figure 5b). These routes include forest trails, zigzag trails, and landscape bridges. We divided them into three major types of activities: ornamental, recreational, and experiential. These routes are characterized by strolling and viewing, ecological viewing, recreation and conversation, immersion experience, cycling activities, wildlife activities, and so on. Meanwhile, these routes are suitable for various groups, such as the elderly, middle-aged, youth, and families. In this landscape-planning scheme, we simultaneously provide a clear route and enough space for free exploration to satisfy visitors’ desire for adventure. Additionally, the layout of leisure areas should be interwoven with cycling and other off-road activities to mobilize the interest and enthusiasm of youth groups. The tourist route is designed with the starting point of experiencing the reservoir culture in many aspects so that it can generate a profound immersion experience and enhance the satisfaction of visitors.



Third, various gathering spaces, such as sports space, meditation space, and social space, in accordance with the natural, could be designed in the existing ecological environment of the reservoir area (Figure 5c). A private and peaceful outdoor space can also be set up among the trees to give people a sense of retreat. A wide range of interactive activities will meet the needs of different visitors in terms of spirituality, exercise, socialization, and emotions, encouraging them to get in touch with the ecosystem and create a memorable journey. The three zones not only provide visitors with different experiences but also encourage them to enter the site deeply and establish a profound connection with nature. It can also attract more tourists to the TGRA, which will promote the construction and development of tourism and strengthen the cultural services in the reservoir area.




4.5. Our Limitations and Uncertainties


In the Millennium Ecosystem Assessment framework, cultural services are an important component of ecosystem services. However, how to quantify the cultural services is the most difficult point in the current ecosystem service assessment and trade-off [17,18]. The InVEST model provides a spatial assessment with the number of visitors as a predictor variable and estimates the contribution of natural and cultural attributes to recreation services through a simple linear regression [35,36]. Recreation should have a non-linear relationship with natural and cultural attributes. However, the non-linear relationships are numerous in variety, and the complex non-linear regression equations are difficult to fit and interpret. The InVEST model attempts to analyze the response of cultural services represented by recreation to the natural ecological environment and human social environment using the simplest multiple linear regression. Although this is an inherent drawback of the model, the required data of this model are simple and effective in assessing the spatial characteristics of the recreation service [36]. We simulated the recreation service in the TGRA through the model for four periods, which helps to recognize and evaluate the ecosystem cultural services. Although there are some uncertainties in the assessment results, our study shifted the static ecosystem service assessment to an analysis of recreation service dynamics. On the contrary, it reflects the dynamic characteristics through multiple periods to reveal the spatial and temporal continuity of the recreation service in the TGRA. It also provides a detailed scientific basis for ecosystem cultural services regulation and governmental decision making.





5. Conclusions


Research on ecosystem services has been dominated by the natural sciences and economics, but cultural services research requires social science and humanistic perspectives to understand the concepts and practices of a place. As few studies have assessed the cultural service of the TGRA in previous papers, the impact of culture services on human activities at the regional scale are still unclear. In this study, we used the InVEST model to construct a multiple linear regression equation with an explanation rate of 0.75 to evaluate cultural services represented by recreation. Our result demonstrated that the proxy of recreation service at low elevation and gentle slope is higher than that at high elevation and steep slope, which indicated that the recreation-service supply capacity of the humanistic landscape is larger than that of the natural landscape. It also confirmed the incompleteness of infrastructure development and construction in these areas with higher altitudes and steeper slopes. In addition, the recreation-service proxy of the non-vegetation landscape is far higher than that of the vegetation landscape. However, ecological protection and urban construction in the reservoir area both could enhance the potential ability of the recreation service by increasing the potential recreation service of the natural landscape and strengthening the infrastructure development and construction, respectively. Therefore, we suggest planning the landscape and designing scenic forests for promoting the construction and development of tourism. There is a need to strengthen the construction of infrastructure in the high-altitude areas with beautiful natural landscapes and enhance the accessibility of scenic areas to attract tourists and upgrade the recreation service in the TGRA.
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Figure 1. Location of the Three Gorges Reservoir Area (TGRA), China. 
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Figure 2. Spatial variation of the recreation-service proxy in the TGRA between 2000 and 2015. Average (a) and the modeled slope (b) of the recreation service, p-value of t-test for the slope (c), and the changes of recreation service (d). Note: In the figure (d), “No change” shows that the recreation service did not significantly change (slope = 0), and “Significant increase” refers to slope > 0 and p < 0.05, while significant decrease refers to slope < 0 and p < 0.05. 
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Figure 3. Temporal variations of the recreation-service proxy in different zones of altitude (a) and slope (b) in the TGRA. Note: We used a least square linear regression model to fit the recreation proxy. The changing trend is described by the modeled slope, which is a in the figure. 
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Figure 4. Correspondence analysis between recreation-service changes and land-use changes. 
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Figure 5. Landscape planning of landscape viewing platforms (a), immersive hiking routes (b), and gathering spaces (c) to attract more visitors and increase the cultural services of the TGRA. 
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Table 1. Index system for assessing recreation service.
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Variable Category

	
Variable

	
Data Sources






	
Natural and environmental factors

	
Annual mean temperature (x1, °C)

	
Data Center for Resources and

Environmental Sciences, Chinese Academy

of Sciences (http://www.resdc.cn, accessed on 13 November 2018).




	
Annual total precipitation (x2, mm)




	
Elevation (x3, m)

	
DEM (Digital Elevation Model) derived from ASTER Global Digital Elevation Model V002 (http://www.gscloud.cn/, accessed on 13 November 2018).




	
Slope (x4, °)

	
Derived from DEM data.




	
Soil organic carbon (x5, g/kg)

	
Derived from Huang et al. [25].




	
Forest coverage (x6, %)

	
Derived from land use maps in 2000, 2005, 2010, and 2015 [34].




	
Proportion of cropland area (x7, %)




	
Proportion of built-up area (x8, %)




	
Proportion of water area (x9, %)




	
Socio-economic factors

	
Density of tourist attractions (x10, numbers/km2)

	
Points of tourist attractions were acquired from Baidu maps.




	
Road density (x11, km/km2)

	
National Geomatics Center of China (NGCC) (http://ngcc.sbsm.gov.cn/, accessed on 13 November 2018).




	
Minimum distance to traffic station (x12, km)

	
Points of traffic stations were acquired from Baidu maps.




	
Minimum distance to hotel (x13, km)

	
Points of hotels were acquired from Baidu maps.
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Table 2. Results of estimated parameters of multiple regression analysis.
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	Independent Variable
	Estimated Value
	Standard Errors
	t-Value
	Significance





	Intercept
	−21.27
	10.82
	−1.97
	p < 0.05



	Density of tourist attractions (numbers /km2)
	0.44
	0.02
	17.66
	p < 0.01



	Minimum distance to traffic station (km)
	−0.04
	0.03
	−1.08
	p < 0.01



	Minimum distance to hotel (km)
	0.55
	0.07
	1.97
	p < 0.05



	Road density (km/km2)
	7.77
	0.03
	3.24
	p < 0.05



	Elevation (m)
	−0.01
	0.01
	−0.67
	p < 0.05



	Forest coverage (%)
	0.34
	0.02
	2.18
	p < 0.05



	Proportion of built-up area (%)
	−0.65
	0.04
	−4.32
	p < 0.05



	Proportion of water area (%)
	1.69
	0.09
	1.79
	p < 0.01
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