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Abstract. Under the background of rapid urbanization, increasingly intensive human activities have 

seriously affected the health of the regional ecosystem, which as a whole is facing potential risk from 

structural damage to functional disorder. Therefore, an in-depth study of the spatial heterogeneity of the 

effects of human activities on ecosystem health is of great significance for regional environmental 

management and sustainable development. Taking the typical tourist city in China - Rizhao as the subject 

of the study, this paper used VORS model, spatial autocorrelation model, global regression model and 

geographically weighted regression model to quantitatively analyze the spatiotemporal evolution of the 

ecosystem health and the spatial heterogeneity of impacts of human activities on ecosystem health in 

Rizhao. The results show that the ecosystem health level of Rizhao City showed a significant spatial 

differentiation pattern from 1990 to 2018. The impact of human activities on ecosystem health in the 

study area has spatial heterogeneity. The built-up areas, central basins and coastal landscape belts of 

districts and counties are greatly affected by land urbanization, population urbanization and tourism 

activities. The agricultural areas of the plain and the areas around the built-up areas are greatly affected 

by agricultural activities and environmental pollution. Due to the spatial heterogeneity of the impact of 

driving factors on ecosystem health, spatial differences can be taken into account in the formulation of 

environmental management policies, so as to make the regulation and control countermeasures more 

targeted. 

Keywords: ecosystem services, human activity, driving factors, geographically weighted regression 

model 

Introduction 

With the continuous growth of the global population and as the intensity of economic 

activities continues to increase, human control and influence over the global ecosystem 

also rises (Pimm et al., 2014; Haddad et al., 2015; Chase et al., 2020). According to the 

Millennium Ecosystem Assessment report, the natural environmental resources of the 

earth have been exhausted, and 60% of the ecosystems have been degraded to varying 

degrees, for which human activities are the main cause (Ma, 2005; Jin et al., 2020). 

Ecosystems as a whole face potential risks from structural damage to functional 

disorders; and the decline in the level of ecosystem health and the sustainable supply of 

ecosystem services has a far-reaching impact on human well-being and ecological 

security (Costanza et al., 2017). After the reform and opening up, China's tourism 

industry has experienced a sustained and rapid development, cultivated the basic 

tourism industry structure and market framework, and is stepping into the level of a big 
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country in the world. However, the industrial attribute of environmental support and 

resource consumption determines that there is an opposite and unified dual 

contradiction between the tourism destination and the ecological environment (Qin and 

Cheng, 2019). The development of tourism will produce three major dynamic effects, 

namely, the power of direct consumption, the power of industrial development and the 

power of urbanization, which will lead to the bearing pressure of urban resources (land 

resources, energy, material resources) and drastic land cover changes, and then lead to a 

series of eco-environmental problems (Li, 2020). As tourism is an industry that is 

heavily dependent on natural resources, ecological environment and climate change, in 

turn, the decline of ecosystem health will not be conducive to the sustainable 

development of tourist cities. Based on this, carrying out ecosystem health assessment 

of tourist cities and systematically analyzing the spatial heterogeneity of the impacts of 

human activities on ecosystem health can provide reference for tourist cities to 

formulate differentiated urban environmental management and ecological regulation 

policies. 

The word "health" originally came from the field of medicine. With the development 

and improvement of ecological theories such as ecosystem ecology and landscape 

ecology, foreign scholars began to introduce the concept of health into ecosystem-

related research, the concept of ecosystem health began to enter people's field of vision 

(Su et al., 2010). Subsequently, scholars have carried out a large number of theoretical 

exploration, method exploration and practical research on ecosystem health. 

In terms of the concept and connotation of ecosystem health, the connotation of 

"health" is the core issue, difficulty and controversial point of the conceptual framework 

of ecosystem health. Costanza and Rapprot proposed two mainstream viewpoints 

reflecting the concept and connotation of ecosystem health (Yan et al., 2016). Rapport 

and Maffi (2011) proposed that ecosystem health refers to the ability of ecosystems to 

self-organize, self-maintain and self-restore external pressure on a time scale. At the 

same time, a healthy ecosystem can provide necessary material supplies and ecosystem 

services for human survival. Costanza (2012) considered that a healthy ecosystem is 

active, stable and sustainable, and it can maintain its organization and autonomy over 

time. In the follow-up, many scholars have supplemented and improved the previous 

studies (Peng et al., 2017; He et al., 2019). For example, Yan et al. (2016) proposed that 

a healthy ecosystem comprises integrated and stable inner structures and processes, and 

the ability to develop its function on a larger, spatiotemporal scale, while maintaining a 

normal element and energy exchange with the outer system. Xiao et al. (2019) proposed 

that ecosystem health refers to the ability of ecosystems to self-organize, self-maintain 

and recovery to pressure in temporal scale, and maintaining a healthy ecosystem is 

essential to ensure regional sustainable development, because a healthy ecosystem can 

provide material basis and ecological services for human survival. 

In terms of evaluation methods of ecosystem health, because ecosystems are 

complex, dynamic and cannot be measured directly, performance indicators must be 

used to evaluate different aspects of ecosystem health. In the process of indicator 

selection, it must be guided by a considered framework and related metrics (Logana et 

al., 2020). The evaluation models mainly include the following: vigor-organization-

resilience model (VOR) (Kang et al., 2018), pressure-state-response model (PSR) (Shen 

et al., 2020), driving force–pressure -state-influence-response model (DPSIR) (Wang et 

al., 2013), subsystem model (Zeng et al., 2016; Su et al., 2019), vigor-organization-

resilience-ecosystem services model (VORS) (He et al., 2019; Shi et al., 2020). Among 
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them, PSR model and DPSIR model emphasize the causal relationship between human 

and environment, focusing on the assessment of ecosystem status and external 

disturbances (Sun et al., 2016; Liu et al., 2017). However, due to too much emphasis on 

the logical relationship within the evaluation framework, the evaluation indexes of each 

criterion layer are overlapped and redundant. In addition, the model also ignores the 

changes of the overall landscape pattern of the ecosystem and the ecosystem services 

(He et al., 2019). The subsystem model focuses on the assessment of specific aspects of 

the ecosystem, such as socio-economic, resource, population development and 

management, while neglecting the change of the overall landscape pattern of the 

ecosystem and the ecosystem services. The VOR evaluation model was first put forward 

by Rapport et al. (1998, 1999) and Costanza et al. (1999), and then it was widely used in 

regional ecosystem health assessment (Bebianno et al., 2015; Kang et al., 2018; Meng et 

al., 2018; Liao et al., 2018). The advantage of this model is that it can fully reflect the 

integrity and stability of the structure and function of the ecosystem, the ability of self-

organization and self-recovery in the face of pressure, as well as the changes of the 

overall landscape pattern. Compared with VOR model, VORS model takes into account 

the supply of ecosystem services (Shi et al., 2020), which makes the evaluation results 

more accurate and scientific. 

In recent years, the driving factors of ecosystem health have been gradually 

concerned by landscape ecologists and geographers, and the related research results 

have gradually increased. From the classification of driving factors, it is mainly divided 

into natural environment and human activity factors (Chi et al., 2018). He et al. (2019) 

and Shen et al. (2020) systematically analyzed the comprehensive effects of natural 

factors (meteorology, topography and geology, resource endowment) on ecosystem 

health. Some scholars have discussed the effects of single human activity factor on 

ecosystem health, such as urbanization, environmental pollution (Chi et al., 2018), 

human interference index (Shi et al., 2020), water resources development and utilization 

activities. The research methods of driving factors usually use regression model 

(Bebianno et al., 2015), principal component analysis (Bebianno et al., 2015), 

correlation analysis (Bae et al., 2010), GeoDetector model (He et al., 2019; Shen et al., 

2020). Generally speaking, the research on the driving factors of ecosystem health still 

has the following two deficiencies: first, there have been many studies on the impact of 

single human activity factors on ecosystem health, but there is a lack of systematic 

research on a variety of human activity factors. Second, there is a lack of research on the 

spatial heterogeneity of the impact of human activities on ecosystem health. Compared 

with the traditional analysis methods of influencing factors, the geographically weighted 

regression model (GWR) is a more comprehensive statistical method. It can not only 

analyze the positive and negative relationship and significance between influencing 

factors and ecosystem health, but also analyze the spatial heterogeneity of each 

influencing factor on ecosystem health, which is lacking in other studies. Based on this, 

this paper uses GWR model to systematically analyze the spatial heterogeneity of the 

impact of human activities on ecosystem health. 

Based on multi-source data and GIS and RS techniques, this study quantitatively 

analyzed the spatio-temporal pattern of ecosystem health in Rizhao City, China. Then, 

the GWR was used to explore the spatial heterogeneity of the impact of human activity 

factors on ecosystem health. In order to provide reference for tourist cities to formulate 

differentiated urban environmental management and ecological regulation and control 

policies. The steps of this study are as follows: (1) Firstly, the evaluation index of grid 
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unit was calculated quantitatively by using RS and GIS technology and related software 

(ArcGIS 10.3, Fragstats 4.2). (2) Secondly, the VORS model was used to analyze the 

spatiotemporal characteristics and spatial change trend of ecosystem health in the study 

area from 1990 to 2018 (The time nodes of the study were 1990, 1995, 2000, 2005, 

2010, 2015 and 2018), and the spatial autocorrelation model was used to analyze the 

spatial agglomeration effect of ecosystem health. (3) The global regression model and 

GWR model were used to comprehensively analyze the spatial heterogeneity of the 

impacts of human activities on ecosystem health. Our research is of great significance 

for urban environmental management and sustainable development of tourism. The aim 

of this study is to systematically evaluate the level of ecosystem health in tourist cities, 

accurately describe the spatiotemporal pattern of ecosystem health in the study area, and 

analyze in detail the spatial heterogeneity of the effects of human activities on 

ecosystem health in tourist cities. Furthermore, it can provide reference for tourist cities 

to formulate detailed ecological control measures and strategies. 

Materials and Methods 

Study Area 

The Rizhao City is located on the coast of the Yellow Sea (Fig. 1) in southeastern 

Shandong Province, China. The city has a land area of 5358.57 square kilometers, a 

coastline of 168.5 kilometers and a sea area of 6000 square kilometers. Rizhao city is a 

famous coastal ecological, livable and tourist city in China, which has won the United 

Nations Human Habitation Award for its excellent environment, as well as a modern 

port city and port-adjacent industrial base. However, in recent years, due to the rapid 

development of tourism, urbanization and port industry, tourism development activities, 

industrial development activities and pollution emissions have caused a series of eco-

environmental problems, such as surface landscape change, environmental pollution and 

ecosystem degradation. This has seriously affected the health of the regional ecosystem. 

Therefore, this city is a typical case to study the evolution of tourism destination 

ecosystem health and the impact of human activities on it. 

 

 

Figure 1. Geographical location of the study area 



Li - Shen: Spatial heterogeneity of the effects of human activities on ecosystem health of a coastal tourism city - a case study of 

Rizhao, China 
- 3033 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(4):3029-3051. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/1904_30293051 

© 2021, ALÖKI Kft., Budapest, Hungary 

Data Sources 

In this study, the vector boundary of the study area, land use raster data with a 

resolution of 30 meters (data accuracy 94.3%), point of information (POI), elevation, 

GDP and population spatial distribution grid data (Table 1) are all come from Data 

Center for Resources and Environmental Sciences, Chinese Academy of Sciences 

(RESDC). The annual PM2.5 (fine particulate matter) kilometer grid data is derived 

from NASA's EarthData website, which removes fine ground particles from dust and 

sea salt, cross-verification shows that the estimated values at the verification points are 

highly consistent with the measured values (R2=0.81) (Zhang and Cao, 2015), and the 

accuracy is good. Based on the Google Earth Engine (GEE) platform, the reading of 

Landsat series satellite image data and the stitching of low cloud cover images are 

realized, and then the annual maximum value of normalized difference vegetation index 

(NDVI) is calculated by using the maximum value composite method (MVC) (Hu et al., 

2020). In this paper, 2 km grid is used as the basic evaluation unit to calculate the 

ecosystem health level and influencing factors of all research units. ArcGIS10.3 and 

Fragstats 4.2 software were used to process the data. 

 
Table 1. List of research data used in the study 

Data name Data type Time 
Spatial 

resolution 
Source 

Study area boundary Vector data - - http://www.resdc.cn 

Land use data Raster data 
1990/1995/2000/2005/2010/

2015/2018 
30m http://www.resdc.cn 

Normalized difference 

vegetation index 
Raster data 

1990/1995/2000/2005/2010/

2015/2018 
250m 

https://www.earthengine.go

ogle.org/ 

Elevation Raster data 2015 90m http://www.resdc.cn 

GDP spatial distribution 

date 
Raster data 2015 1km http://www.resdc.cn 

Population spatial 

distribution date 
Raster data 2015 1km http://www.resdc.cn 

POI Vector data 2015 - http://www.resdc.cn 

Global Annual PM2.5 

Grids 
Raster data 2015 1km 

https://search.earthdata.nas

a.gov/search 

 

 

Ecosystem Health Assessment 

Ecosystem health refers to the sustainability, self-maintenance ability and the 

stability of providing ecosystem services of ecosystem chimera under a certain spatio-

temporal scale (Costanza et al., 2012). A healthy ecosystem should not only have the 

ability to provide stable ecosystem services for human beings, but also have the ability 

of sustainable development to maintain the integrity of its structure and function (Santos 

et al., 2001; Xu et al., 2010; He et al., 2019; Sun et al., 2019). The VORS model is 

developed on the basis of VOR evaluation model. The advantage of this model is that it 

can fully reflect the integrity and stability of ecosystem structure and function, the 

ability of self-organization and self-recovery under pressure, and the ability of 
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ecosystem services. Therefore, it has been widely used in ecosystem health research in 

recent years (Shi et al., 2020; Xiao et al., 2020). The evaluation index of ecosystem 

health includes four parts: vigor (V), organization (O), resilience (R) and ecosystem 

services (S). The ecosystem health index formula is expressed as follows: 

 

 𝐸𝐻𝐼 = √𝑃𝐻𝐼 × 𝐸𝑆 (Eq.1) 

 

 𝑃𝐻𝐼 = √𝐸𝑉 × 𝐸𝑂 × 𝐸𝑅
3

 (Eq.2) 

 

where EHI, PHI and ES represent regional ecosystem health index, health level of 

ecosystem physical, and ecosystem service capacity respectively. EV, EO and ER represent 

ecosystem vigor, ecosystem organization and ecosystem resilience, respectively. 

Ecosystem vigor (EV) describes the metabolism or primary productivity of ecosystem. 

NDVI is closely related to vegetation growth and net primary productivity, and has been 

widely proved to be an effective method to evaluate ecosystem vitality (He et al., 2019; 

Xiao et al., 2020). Therefore, we choose NDVI to characterize the level of ecosystem 

vitality. NDVI can be calculated as NDVI= (NIR-RED) / (NIR+RED), NIR and RED are 

near infrared band and visible red band respectively (Hu et al., 2020). 

Ecosystem organization (EO) refers to the stability of ecosystem structure and the number 

and diversity of relationships among its components (Costanza et al., 2012; Kang et al., 2018). 

It is mainly measured by landscape heterogeneity and landscape connectivity (He et al., 2019; 

Xiao et al., 2020). Landscape heterogeneity was usually quantified by Shannon's diversity 

index (SHDI) and area-weighted patch fractal dimension (AWMPFD) (Peng et al., 2017; He 

et al., 2019; Xiao et al., 2020). Landscape connectivity includes overall landscape 

connectivity and patch connectivity of important ecosystems (Peng et al., 2017; He et al., 

2019). Landscape fragmentation index (LN) and landscape aggregation index (CONTAG) are 

usually used to represent the overall landscape connectivity, and patch fragmentation index 

(PN) and patch cohesion index (CONHESION) of woodland, water and grassland were used 

to represent the patch connectivity of important ecosystems (He et al., 2019). According to the 

relative importance, the weights of landscape heterogeneity (LH), overall landscape 

connectivity (LC), and patch connectivity (PCIE) of important ecosystems were 0.35, 0.35 

and 0.3, respectively (He et al., 2019; Xiao et al., 2020). 

 

 

{
 
 

 
 
EO = LH + LC + PCIE                                                                                                    
𝐿𝐻 = 0.1 × AWMPFD + 0.25 × SHDI                                                                        
𝐿𝐶 = 0.25 × FN + 0.1 × 𝐶𝑂𝑁𝑇𝐴𝐺                                                                              
PCIE = 0.07 × 𝐹𝑁𝑓 + 0.03 × 𝐶𝑂𝐻𝐸𝑆𝐼𝑂𝑁𝑓 + 0.07 × 𝐹𝑁𝑤                                    

+0.03 × 𝐶𝑂𝐻𝐸𝑆𝐼𝑂𝑁𝑤 + 0.07 × 𝐹𝑁𝑔 + 0.03 × 𝐶𝑂𝐻𝐸𝑆𝐼𝑂𝑁𝑔                  

 (Eq.3) 

 

where EO is an ecosystem organization; LH, LC and PCIE are landscape heterogeneity, 

overall landscape connectivity and patch connectivity of important ecosystems, 

respectively; AWMPFD is area-weighted patch fractal dimension, SHDI is Shannon's 

diversity index, FN is landscape fragmentation index, CONTAG is landscape 

aggregation index; 𝐹𝑁𝑓 , 𝐹𝑁𝑤  and 𝐹𝑁𝑔  are patch fragmentation indexes of woodland, 

water and grassland, respectively. 𝐶𝑂𝐻𝐸𝑆𝐼𝑂𝑁𝑓 , 𝐶𝑂𝐻𝐸𝑆𝐼𝑂𝑁𝑤  and 𝐶𝑂𝐻𝐸𝑆𝐼𝑂𝑁𝑔  are 

patch cohesion indexes of woodland, water area and grassland, respectively. 

Ecosystem resilience (ER) reflects the ability of ecosystem to maintain its own 

structure, function and model in the face of external disturbance (stress). A healthy 
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ecosystem should be resilient enough to survive a variety of small-scale disturbances. 

The calculation formula of ecological resilience index refers to the existing research 

(Xiao et al., 2019; Shen et al., 2020). Previous studies have shown that ecological 

resilience is reflected in two aspects: one is the ability to resist external interference; the 

other is the ability to restore the ecosystem to its original state after serious damage (Lu 

et al., 2014). The degree of these two aspects is measured by resistance coefficient and 

resilience coefficient respectively. The formula for calculating the ecological resilience 

index is defined as (Peng et al., 2017; Xiao et al., 2019): 

 

 𝑅𝐼 = 0.6 × ∑ 𝑃𝑖 ∗ 𝑅𝑒𝑠𝑖𝑠𝑡𝑖
5
𝑖=1 + 0.4 × ∑ 𝑃𝑖 ∗ 𝑅𝑒𝑠𝑖𝑙𝑖

5
𝑖=1  (Eq.4) 

 

where RI is the ecological resilience index, 𝑃𝑖 is the ratio of the area of the i landscape 

type to the area of the study unit, and 𝑅𝑒𝑠𝑖𝑠𝑡𝑖 and 𝑅𝑒𝑠𝑖𝑙𝑖 are the resistance coefficient 

and resilience coefficient of the i landscape type respectively (Table 2). Xiao et al. 

(2019) points out that if the development level of the study area is relatively low, more 

attention should be paid to resistance. In this paper, the level of economic development 

in the study area is relatively low, so a higher weight value of 0.6 is used to emphasize 

resistance, and the weight of resilience was 0.4. 

 
Table 2. The ecosystem resilience coefficient of each landscape type 

Landscape type Forest land Grassland Farmland Construction land Water body 

Resist 1 0.6 0.5 0.3 0.8 

Resil 0.6 0.8 0.3 0.2 0.7 

 

 

Ecosystem services (ES) refers to the services provided by the ecosystem directly or 

indirectly in the process of interaction with human beings, such as food supply, climate 

regulation. Through a quantitative way to transform ecosystem services into specific 

value, that is, the value of ecosystem services. Referring to the Chinese ecosystem 

service value equivalent factor studied by Xie et al. (2008, 2015), and modifying the 

ecosystem service value coefficient regionally (Zhang et al., 2020), the ecosystem 

service value equivalent factor table in the study area was obtained (Table 3). In this 

paper, the evaluation model proposed by Costanza et al. (1997) was used to calculate 

the service value of various land use types and the total value of ecosystem services 

according to Equations (5) and (6). 

 
Table 3. Factor of ecosystem services value per unit area in Rizhao 

Function types 
Ecosystem services value/( US dollars per ha($/ha)) 

Farmland Woodland Grassland Water Bulit Unused 

Provisioning service 
Food production 290.07 95.72 124.73 153.74 0.00 5.80 

Raw material production 113.13 864.41 104.42 101.52 0.00 11.60 

Regulating service 

Gas regulation 208.85 1253.10 435.10 147.94 0.00 17.40 

Climate regulation 281.37 1180.58 452.51 597.54 0.00 37.71 

Water supply 223.35 1186.38 440.90 5444.60 0.00 20.31 

Waste treatment 403.20 498.92 382.89 4307.53 0.00 75.42 
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Supporting service 
Soil conservation 426.40 1166.08 649.76 118.93 0.00 49.31 

Biodiversity protection 295.87 1308.21 542.43 994.94 0.00 116.03 

Cultural service Entertainment culture 49.31 603.34 252.36 1287.91 0.00 69.62 

Total 2291.55 8156.74 3385.11 13154.63 0.00 403.20 

 

 

 𝐸𝑆𝑉𝑖 = 𝐴𝑖 × 𝑉𝐶𝑖 (Eq.5) 

 

 𝐸𝑆𝑉 = ∑ (𝐴𝑖 × 𝑉𝐶𝑖)
𝑛
𝑖=1  (Eq.6) 

 

where 𝐸𝑆𝑉𝑖 and ESV are the service value of the i land use type and the total value of 

ecosystem services respectively; Ai is the land area of the i land use type (km2); VCi is 

the ecosystem service value per unit area of the i land use type (US dollars/hm2·a-1). 

Spatial Autocorrelation Method 

We use the method of spatial autocorrelation analysis to analyze the spatial 

agglomeration effect of ecosystem health. Spatial autocorrelation refers to the 

interdependence of spatial unit attributes in space, and is a way to measure the degree of 

spatial agglomeration (Xiao et al., 2020; Shen et al., 2020). According to the size of the 

spatial range, spatial autocorrelation can be divided into global spatial autocorrelation 

and local spatial autocorrelation. Global spatial autocorrelation measures the degree of 

spatial correlation of a region as a whole, and it is often measured by Moran's I index. 

The global autocorrelation formula is: 

 

 𝐼 =
𝑛

𝑠𝑜

∑ ∑ 𝑤𝑖𝑗
𝑛
𝑗=1

𝑛
𝑖=1 (𝑥𝑖−�̅�)(𝑥𝑗−�̅�)

∑ (𝑥𝑖−�̅�)
2𝑛

𝑖=1

 (Eq.7) 

 

where n is the total number of spatial units; 𝑥𝑖 and 𝑥𝑗 are the observed values of spatial 

units i and j, respectively; 𝑤𝑖𝑗 is the spatial weight matrix, which is used to reveal the 

spatial relations among the elements; and 𝑠𝑜 is the aggregate of all the spatial weights, 

𝑠𝑜 = ∑ ∑ 𝑤𝑖𝑗
𝑛
𝑗=1

𝑛
𝑖=1 . The range of Moran's I index is [-1,1]. 

Although global spatial autocorrelation can measure the overall spatial dependence 

of the observed variables, it ignores the local instability of the space to a certain extent. 

Therefore, in order to further explore the local spatial correlation features, the local 

spatial autocorrelation method is introduced to analyze the local spatial autocorrelation 

features. The specific calculation formula is as follows: 

 

 𝐼𝑖 = 𝑍𝑖 ∑ 𝑤𝑖𝑗
𝑛
𝑖=1 𝑍𝑗  (Eq.8) 

 

where 𝑍𝑖 and 𝑍𝑗 are the standardized values of spatial units i and j, respectively, and 𝑤𝑖𝑗 is a 

spatial weight matrix, which is used to reveal the spatial relationship between spatial units. 

Classification and Selection of Human Activity Factors 

Human activity was widely recognized as a major factor affecting ecosystem health. 

Human activities affect the structure and functional integrity of the ecosystem and the 

supply of ecosystem services through changing the surface cover, discharging pollutants, 
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interfering with the growth and reproduction of animals and plants, and changing the 

material and energy cycle process of the biological chain, thus affecting the ecosystem 

health level. According to relevant research results, human activities can be divided into 

urbanization (Xu et al., 2013; He et al., 2019; Xiao et al., 2020), tourism activities, 

agricultural activities (Wu et al., 2018; Cao et al., 2019), environmental pollution (air, 

water, soil and light pollution) (Mirsanjari et al., 2020; Häder et al., 2020; Paoletti et al., 

2020), ecological restoration, water resources development and utilization activities 

(south-to-north water diversion project, water conservancy project) (Guo et al., 2018; 

Ling et al., 2019; Shen et al., 2020). Considering the quantitability and accessibility of 

the factors, as well as the actual situation of the research, we constructed the index 

system of human activity factors from four aspects, including urbanization, tourism 

activities, agricultural activities and environmental pollution (Table 4). 

 
Table 4. Classification index system of human activity factors 

Influencing factor Factors Code Indicators 

Human activity factors 

Urbanization 
X1 Land urbanization 

X2 Population urbanization 

Tourism activities X4 Density of tourist scenic spot 

Agricultural activities X5 Density of cultivated land 

Environmental pollution X6 PM2.5 concentration 

 

 

The selection of influencing factors is mainly based on the following assumptions: (1) 

urbanization. Urbanization mainly destroys the surface cover and ecological landscape, 

interferes with the survival of animals and plants, directly and indirectly affects the structure 

and function of the ecosystem, and then has a negative impact on the overall ecosystem 

health level. Urbanization is generally divided into land urbanization, population 

urbanization and economic urbanization, in which land urbanization represents the overall 

impact of land cover changes on the ecosystem brought about by urbanization. Population 

urbanization and economic urbanization represent the impact of land cover changes on 

ecosystems brought about by urban and rural settlements and various industrial expansion 

respectively. (2) Tourism activities. Tourism development activities under tourism activities 

will cause direct damage to the ecosystem; the flow of tourism population and its related 

food, accommodation and transportation will increase the pressure on the supply of energy 

resources and the regulation of ecological environment in tourism destinations, and then 

exert adverse effects on the ecosystem (Sun and Wen, 2019; Sun et al., 2020). In addition, 

tourism activities promote regional economic development, at the same time, the rapid 

development of supporting industries (road infrastructure, hotel industry, catering industry) 

will also further have a negative impact on the ecosystem. (3) Agricultural activities. 

Agricultural activities destroy the landscape connectivity and aggregation of important 

elements in the ecosystem (woodlands, grasslands, wetlands, waters) (Chen et al., 2012; Lu 

et al., 2014), and then have a negative impact on ecosystem health. In addition, soil erosion 

and environmental pollution caused by agricultural activities also have an important 

negative impact on ecosystem health (Li et al., 2011; Asumadu-Sarkodie and Owusu, 2017). 

(4) Environmental pollution. Environmental pollution has direct and indirect harm to 

regional ecosystem from many aspects, and has a potential negative impact on human well-
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being. The higher the level of comprehensive utilization of resources and environment and 

the level of sustainable development, the more conducive to the improvement of ecosystem 

carrying capacity (Khim, 2017; Dou and Zhang, 2019). 

The Geographical Weighted Regression Model 

In this study, considering the limitations of the traditional linear regression model in 

the spatial characteristics of independent variables and their "global" estimation (Yang 

and Liu, 2014), we comprehensively use ordinary least square (OLS) and GWR model 

to analyze the overall and local effects of different human activity factors on the 

ecosystem health. In order to more intuitively reflect the spatial non-equilibrium and its 

changing trend of the influencing factors of ecosystem health. Assuming a series of 

observed values of explanatory variables  𝑥𝑖𝑗 and explained variables 𝑦𝑗 (𝑖 = 1,2,⋯ ,𝑚, 

𝑗 = 1,2,⋯ , 𝑛), the global regression model is as follows: 

 

 𝑌𝑗 = 𝛽0 + ∑ 𝛽𝑗𝑥𝑖𝑗
𝑛
𝑗=1 + 𝜀𝑖  (𝑖 = 1,2,⋯ ,𝑚; 𝑗 = 1,2,⋯ , 𝑛) (Eq.9) 

 

where ε is the error term, 𝛽0 is the regression constant. The geographically weighted 

regression model extends the traditional linear regression model, and its regression 

coefficient is no longer the assumed constant 𝛽0 obtained by global information, but is 

estimated by local regression with the sub-sample data information of adjacent 

observations, and changes with the change of spatial location, the formula of 

geographically weighted regression model is as follows: 

 

 𝑌𝑖 = 𝛽0(𝑆𝑖, 𝑇𝑖) + ∑ 𝛽𝑗(𝑆𝑖, 𝑇𝑖)𝑥𝑖𝑗
𝑛
𝑗=1 + 𝜀𝑖 (Eq.10) 

 

where 𝑌𝑖  is the ecosystem health index of the study unit i; (S𝑖, T𝑖)  is the central 

geographical location coordinate of the i unit. 𝛽𝑗(𝑆𝑖, 𝑇𝑖) is the j regression parameter at 

the i point, which is determined by the spatial location of the i point. 𝑥𝑖𝑗 is the sample 

value of each influencing factor 𝑥𝑗 at the i point. 𝜀𝑖 is a random error. In the process of 

model calculation, the modified Akaike information criterion (AICc) was selected to 

determine the optimal bandwidth (Brunsdon et al., 1999). The regression coefficient of 

the GWR model is expressed as: 

 

 𝛽𝑗(𝑆𝑖, 𝑇𝑖) = (𝑋
𝑇𝑊(𝑆𝑖, 𝑇𝑖)𝑋)

−1𝑋𝑇𝑊(𝑆𝑖, 𝑇𝑖)𝑦𝑖 (Eq.11) 

 

where X is the matrix of explanatory variables; 𝑋𝑇 is the transpose of the explanatory 

variable; 𝑊(𝑆𝑖, 𝑇𝑖) is the spatial weight matrix of observation point i. 

Results 

Spatio-temporal Pattern of Ecosystem Health 

From 1990 to 2018, the ecosystem health level of the study area showed a significant 

spatial differentiation pattern. From a detail standpoint, the low-value areas of ecosystem 

health were mainly distributed in the western plain agricultural area, the central basin, and 

the built-up area along the southeast coast (Fig. 2). Among them, the plain agricultural area 

in the northwest was the largest low-value area. The ecosystem health level of the 
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surrounding area of built-up area and central basin decreased significantly. The high value 

areas of ecosystem health were mainly distributed in the central mountainous and hilly areas, 

as well as the coastal eco-landscape zones in the east and south. 

 

 

Figure 2. The spatial change of ecosystem health from 1990–2018 

 

 

From 1990 to 1995, the number of units with increased health index in the study area 

accounted for 63.25% of the total units, and the number of units with reduced health 

index accounted for 36.75%, indicating that the overall health level of the study area 

had improved (Fig. 3). In detail (Fig. 4), the areas with reduced health level are mainly 

distributed in the agricultural areas in the north, the built-up areas in the county, and the 

built-up areas at the prefecture-level city in the southeast. The areas with improved 

health level are mainly distributed in the mountainous and hilly areas in the middle, and 

the coastal ecological landscape belt in the east. 

 

Figure 3. The proportion of increase and decrease in research units from 1990-2018 

 

 

The period from 1995 to 2010 was the period of rapid development of urbanization 

and tourism in the study area. In the three periods of 1995-2000, 2000-2005 and 2005-

2010, the proportion of units with improved health level accounted for 20%, 66.32% 

and 18.46% of the total units, while the proportion of units with reduced health level 
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was 80%, 33.68% and 81.54% respectively (Fig. 4). It shows that the overall health 

level of the study area tends to decline. In detail (Fig. 3), the areas with reduced health 

level were mainly distributed in the western and northern plains of the study area, as 

well as in the eastern built-up areas. The expansion of building land and large-scale 

agricultural activities were the main reasons for the decline of ecosystem health in the 

northwest plain agricultural area. The central basin is rich in resources and beautiful 

ecological landscape, the construction of transportation facilities and the rapid 

development of tourism and related industries have caused drastic changes in land cover. 

 

 

Figure 4. The spatial change trend of ecosystem health from 1990–2018 

 

 

In the two periods of 2010-2015 and 2015-2018, the proportion of the units with improved 

health level were 76.58% and 86.84, respectively, while the proportion of the units with 

reduced health level was 23.42% and 13.16%, respectively, indicating that the overall health 

level of the study area had been improved (Fig. 3). In the context of the gradual slowing down 

of urbanization, industrial transformation, and implementation of regional eco-environmental 

protection policies, the health level of most areas in the study area has improved from 2010 to 

2018 (Fig. 4). However, the health level has decreased in the eastern coastal areas, the central 

mountain fringe areas, and the eastern coastal eco-landscape belt areas. 

Spatial Agglomeration Characteristics of Ecosystem Health 

We use the spatial autocorrelation method in GeoDa software to analyze the global and 

local spatial correlation characteristics of ecosystem health. The results of global spatial 

autocorrelation analysis showed that the global Moran's I index of ecosystem health was 

positive and passed the significance level test. It shows that there is an obvious spatial 
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positive correlation between ecosystem health in Rizhao, that is, the phenomena of high 

value agglomeration and low value agglomeration are significant (Table 5). 

 
Table 5. Results of global spatial autocorrelation analysis 

Year 1990 1995 2000 2005 2010 2015 2018 

Moran's I 0.467 0.471 0.473 0.455 0.504 0.459 0.473 

P-value 0.001 0.001 0.001 0.001 0.001 0.001 0.001 

Z-value 30.594 31.115 31.386 30.179 33.224 30.352 31.14 

 

 

Furthermore, we use the local spatial autocorrelation method to analyze the local spatial 

autocorrelation characteristics of ecosystem health in Rizhao. The high-high concentration 

areas were mainly distributed in the central mountains and the northeast coastal areas (Fig. 

5). Affected by the natural environment (topography) and traffic, the intensity of human 

activities was low, and the units with high health level tend to gather in space. The low-low 

concentration areas were distributed in the urban built-up areas, plain agricultural areas and 

central basins in the northwest. The low-high concentration areas are adjacent to the high-

high concentration area, which were mainly distributed in the surrounding areas of the 

central mountain area, and these areas were mainly affected by agricultural activities and 

tourism activities. During the study period, the area of high-high agglomeration areas 

(urban built-up areas and central basin) showed a trend of expansion. In the northwest, the 

area of high-high agglomeration area (plain agricultural area) decreased first, then increased, 

and then decreased again. The low-low agglomeration area in central Rizhao has a tendency 

to expand to the northeast coastal areas. 

 

 

Figure 5. LISA agglomeration map of ecosystem health in Rizhao city from 1990 to 2018 
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Spatial Heterogeneity of the Effects of Human Activities on Ecosystem Health 

Global Analysis of Driving Factors Based on OLS Model 

Considering the availability of influencing factors, this study used SPSS software to 

standardize the variables and indicators of influencing factors in 2015, and then used 

tolerance and variance inflation factor (VIF) to carry out multiple collinearity test. It is 

found that the tolerance of all explanatory variables was more than 0.1 and the VIF was 

less than 10 (Table 6), indicating that there was no multicollinearity between 

explanatory variables. The results of OLS model analysis (Table 6) show that the model 

as a whole passed the 1% significant level test in 2015, and the goodness of fit of the 

model was 50.3%, respectively, indicating that the selected explanatory variables can 

better explain the spatial differences of ecosystem health. 

 
Table 6. Result of the OLS model 

Independent 

variable 

Result 

Betain t Sig. VIF 

Constant term 0.491 36.973 0.000  

LUR -0.063 -1.761 0.068 2.710 

PUR -0.112 -2.790 0.005 2.093 

Tour 0.236 8.117 0.000 1.300 

Farmland -0.167 -11.892 0.000 1.050 

PM2.5 -0.111 -4.124 0.000 1.622 

R² 0.525 

Adjust R² 0.503 

F-statistics 60.680 

Sig. 0.000 

 

 

The results of model analysis show that the four factors such as population 

urbanization, tourism activity density, cultivated land density and PM2.5 concentration 

all pass the 1% significance level test, and the land urbanization factors pass the 5% 

significance level test (Table 6). Among them, the action direction of land urbanization, 

population urbanization, cultivated land density and PM2.5 concentration was in line 

with the theoretical expectation, while the action direction of tourism activity density 

was opposite to the theoretical expectation. Specifically, the factors of land urbanization, 

population urbanization, cultivated land density and PM2.5 concentration have negative 

effects on ecosystem health, indicating that the increase of land urbanization rate, 

population urbanization rate, cultivated land density and PM2.5 concentration reduces 

the level of regional ecosystem health to a certain extent. The factor of tourism activity 

density has a positive impact on regional ecosystem health. 

Local Analysis of Driving Factors Based on GWR Model 

The GWR model in ArcGIS10.3 was used to conduct a fitting analysis of regional 

ecosystem health and its influencing factor variables, and five factors including land 

urbanization, population urbanization, tourism activity density, cultivated land density 

and PM2.5 concentration were included in the GWR model analysis. As shown in 

Table 7, the goodness of fit of the model is 0.6194 and the AICC is -2138.61. 

Comparing the analysis results of OLS model (Table 6) and GWR model (Table 7), it is 

found that the fitting effect of GWR model is obviously better than that of OLS model. 
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Table 7. Test result of the GWR model  

Model parameter 2015 

Bandwidth 18089.79 

AICc -2138.61 

R² 0.6398 

Adjust R² 0.6194 

 

 

Furthermore, the global autocorrelation analysis of the standardized residuals in the 

analysis results of the GWR model shows that (Table 8), the global Moran's I index of 

the standardized residuals was 0.0363 and the Z value was 1.2126, which does not pass 

the significance test, indicating that the standardized residuals were randomly 

distributed and the GWR model was applicable as a whole. 

 
Table 8. Global spatial autocorrelation test for standardized residues 

Year 
Global autocorrelation coefficient 

Moran’s I Z-score P-value 

2015 0.0363 1.2126 0.1182 

 

 

Spatial Heterogeneity of Driving Factors 

In order to demonstrate the spatial heterogeneity of the effects of influencing factors 

on the regional ecosystem health, the regression coefficients of land urbanization, 

population urbanization, tourism activities, agricultural activities and environmental 

pollution factors were spatially visualized with the help of ArcGIS10.3 software (Fig. 6). 

 

Figure 6. The spatial distribution of influencing factors regression coefficients based on GWR 

model 



Li - Shen: Spatial heterogeneity of the effects of human activities on ecosystem health of a coastal tourism city - a case study of 

Rizhao, China 
- 3044 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(4):3029-3051. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/1904_30293051 

© 2021, ALÖKI Kft., Budapest, Hungary 

(1) Land urbanization. From a local point of view, there are obvious characteristics 

of spatial heterogeneity in the intensity and direction of the impact of the land 

urbanization on ecosystem health in different regions. From a detailed point of view, 

there is a negative relationship between land urbanization and ecosystem health in the 

central mountain area of the study area, that is, the lower the level of land urbanization, 

the higher the level of ecosystem health (Fig. 6). There is a strong positive relationship 

between land urbanization and ecosystem health in the western agricultural area of the 

study area, and a weak positive relationship between land urbanization and ecosystem 

health in the eastern area of Donggang county. 

(2) Population urbanization. From a local point of view, the level of population 

urbanization has a negative impact on the ecosystem health of most regions, while a few 

areas have a positive impact, showing obvious characteristics of spatial heterogeneity. 

In detail, the level of population urbanization has a positive impact on the northwest of 

the study area, while a negative impact on other areas (Fig. 6). Combined with Figure 2, 

we can see that the northwest of the study area was a typical agricultural area, the level 

of ecosystem health and population urbanization was low, so there was a positive 

relationship between the ecosystem health and population urbanization. 

(3) Tourism activities. From a local point of view, tourism activities have a positive 

impact on the ecosystem health of most regions, a few areas have a negative impact, and 

the impact intensity (regression coefficient) shows obvious characteristics of spatial 

heterogeneity. From a detailed point of view, there is a positive relationship between the 

level of ecosystem health and the density of tourism activities in the central 

(mountainous area) and eastern (coastal ecological landscape zone) (Fig. 6). In some 

western areas (agricultural areas and built-up areas of county), there was a negative 

relationship between tourism activity density and ecosystem health level. There is a 

positive relationship between the density of tourism activities and the ecosystem health 

level of the central (mountainous area) and eastern (coastal landscape zone). This is 

mainly because there are a large number of eco-landscape tourist spots, such as forest 

parks, wetland parks, botanical gardens and ecological gardens in the central 

(mountainous) and eastern (coastal landscape zones). 

(4) Agricultural activities. From a local point of view, the intensity of agricultural 

activities has a negative impact on the ecosystem health of most areas, a few areas have 

a positive impact, the impact intensity shows obvious characteristics of spatial 

heterogeneity. From a detailed point of view, the intensity of agricultural activities has a 

negative impact on ecosystem health in most east-central regions (Fig. 6). Among them, 

the western region has higher agricultural activity intensity, but has lower ecosystem 

health level; The central and northeastern mountainous areas have lower levels of 

agricultural activity, but has higher ecosystem health level. Agricultural activities have a 

negative impact on regional ecosystem health by changing surface cover and destroying 

the structure and function of ecological landscape. 

(5) Environmental pollution. From a local point of view, the intensity and direction 

of the impact of PM2.5 concentration on regional ecosystem health shows obvious 

characteristics of spatial heterogeneity. In detail, there was a negative relationship 

between PM2.5 concentration (higher) and ecosystem health level (lower) in the built-

up areas of two counties and two districts in Rizhao City (Fig. 6), indicating that 

environmental pollution was also one of the leading factors affecting regional 

ecosystem health. There was a weak positive correlation between ecosystem health level 
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and environmental pollution level (PM2.5 concentration) in western border area 

(agricultural area) and central basin (agricultural area and residential area). 

Discussion 

Comparison with Previous Studies 

In the analysis result of influencing factors, land urbanization and population 

urbanization have significant negative effects on ecosystem health in the study area, 

which was consistent with the results of Xiao et al. (2020). The density of tourist spots 

has a significant positive impact on the ecosystem health of the study area, which was 

different from the results of Jin et al. (2017). This was mainly because the density of 

tourist attractions used in this study can only reflect the indirect impact of tourism 

development activities on ecosystem health to a certain extent, but cannot reflect the 

interference and impact of population flow and related industries on ecosystem health. 

However, it was undeniable that our choice of tourism activity indicators is a useful 

attempt on the basis of considering the availability of data. The intensity of agricultural 

activities has a significant negative impact on regional ecosystem health, which was 

consistent with the results of Wardropper et al. (2020) and Diaz-Maroto et al. (2018). 

Wardropper et al. (2020) and Diaz-Maroto et al. (2018) pointed out that agricultural 

activities have an important impact on forest landscape, ecosystem services and natural 

ecosystems. Environmental pollution has a significant negative impact on ecosystem 

health in the study area, which is consistent with the results of Souza et al. (2021). 

Souza et al. (2021) pointed out that atmospheric particulate matter has a negative impact 

on vegetation and water sources, which in turn has a negative impact on aquatic 

ecosystems and ecosystem services.  

Implications for Eco-Management 

The spatio-temporal assessment of ecosystem health based on grid scale can not only 

reveal the temporal and spatial distribution and agglomeration characteristics of 

ecosystem health, but also find the differences of the main influencing factors of 

internal units based on the analysis of influencing factors, and identify different regional 

ecological risk factors, which can provide reference for the formulation of detailed 

regional eco-management policies. Our research results make clear the spatial 

differences and local influencing factors of ecosystem health, so we can take targeted 

ecological protection and ecological management measures according to the actual 

situation of different areas. 

In this study, the rapid development of tourism has driven the catering industry, 

accommodation industry, and related infrastructure construction, and then promoted the 

rapid development of land urbanization and population urbanization. The built-up areas 

of districts and counties, central intermountain basins and coastal landscape belts were 

the main areas of drastic changes in land cover caused by the development of tourism, 

and ecological management measures should be implemented in these areas. 

Specifically, in the built-up areas of districts and counties, through the formulation of 

detailed urban land use planning to reasonably control the speed of urban expansion and 

optimize the land use structure to improve land use efficiency, and then reduce the 

destruction of land cover. In the central intermountain basin and coastal landscape belt, 

it is necessary to draw red lines for ecological protection of important ecological 
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landscapes such as forests, grasslands and wetlands, and strictly examine and approve 

tourism development projects, real estate development projects, and infrastructure 

construction projects. 

The areas with high intensity of agricultural activities include the western plain and 

the surrounding areas. Among them, In the western plain agricultural areas, on the basis 

of controlling the red line of cultivated land, it is necessary to prohibit the expansion of 

farmland in the surrounding areas such as important wetlands, rivers and lakes, reduce 

the use of pesticides and chemical fertilizers to prevent harm to water sources and soil, 

and prohibit the burning of crop straw to prevent air pollution. In the mountainous 

slopes of the northeast, government management departments should guide farmers to 

return farmland to forests to prevent soil erosion and damage to the ecological 

landscape, and encourage the development of ecological agriculture such as fruit 

planting. 

The areas with serious environmental pollution include the surrounding areas of the 

established area, the central basin and the western agricultural region. Among them, the 

surrounding areas of the built-up area and the southern part of the central basin should 

be eliminated and the external transfer of heavy polluting enterprises should be guided. 

The environmental pollution sources in the western agricultural region mainly include 

particulate matter produced by burning crop straw and waste gas produced by the use of 

non-clean energy in daily life. Relevant departments should actively guide rural 

residents to use cleaner energy on the basis of subsidies. 

Limitations and Future Work 

The setting of index weight is very important to the result of ecosystem health 

evaluation. In this study, the ecosystem health assessment model based on VORS 

framework also has potential uncertainty, in which the weight of evaluation factors is 

one of the main factors that cause controversy and lead to uncertain results. In addition, 

all other parameters influence and interact with each other in a practical system, and the 

sensitivity index of a single parameter will be affected by the set values of other 

parameters, that is, the coupling between parameters has an indirect impact on the 

results of the model (Saltelli et al., 1999; Zhang et al., 2014). Therefore, in the future 

research, we also need to analyze the global sensitivity and uncertainty of the model in 

order to verify the reliability of the evaluation model as a whole. 

In terms of the influencing factors of ecosystem health, our research still has the 

following two shortcomings: first, due to the difficulty of quantifying human activity 

factors and the complexity of the mechanism of human activities on ecosystem health, 

the human activity factors selected in this study may not be comprehensive enough, 

such as water pollution and soil pollution, eco-environmental protection policies and 

measures. Second, there are extremely complex interactions among the influencing 

factors of ecosystem health. Therefore, it is very important to clarify the complex 

mechanism of action among multiple factors and its impact mechanism on ecosystem 

health, which should be paid attention to in future research. 

Conclusion 

Based on multi-source data and GIS and RS techniques, this study quantitatively 

analyzed the spatio-temporal pattern of ecosystem health in Rizhao by using VORS 

model. Then, the geographically weighted regression model was used to explore the 
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spatial heterogeneity of the impact of human activity factors on ecosystem health. The 

main conclusions are as follows: 

(1) The ecosystem health level of Rizhao showed a significant spatial differentiation 

pattern from 1990 to 2018. The low-value areas were mainly distributed in the 

northwestern plain agricultural areas, the central basins, and the built-up areas in the 

southeast coast. The high-value areas were mainly distributed in the central 

mountainous and hilly areas and the eco-landscape belt in the southeast coast. 

(2) From the spatial change trend of ecosystem health level, the overall ecosystem 

health level of Rizhao City showed a trend of first decline and then rise from 1990 to 

2018. The areas with great changes in health level were mainly distributed in the 

western agricultural areas, the surrounding areas of urban build-up area, the central 

basin, and some coastal eco-landscape belts. 

(3) The high-high agglomeration areas of ecosystem health were mainly distributed 

in the central mountainous areas and the northeast coastal areas. The low-low 

agglomeration areas were distributed in the urban built-up areas, plain agricultural areas 

and central basins in the northwest. During the study period, the high-high 

agglomeration areas (urban built-up area and central basin) has a trend of expansion, 

while the low-low agglomeration area of the central part has a tendency to expand to the 

northeast coastal area. 

(4) The analysis of driving factors shows that land urbanization, population 

urbanization, tourism activities, agricultural activities and environmental pollution all 

had significant impacts on ecosystem health. From the spatial heterogeneity of driving 

factors, the impact intensity and direction of driving factors on ecosystem health in the 

study area have obvious spatial heterogeneity characteristics. Land urbanization, 

population urbanization, tourism activities and environmental pollution are closely 

related. The rapid development of tourism drives the catering industry, accommodation 

industry and other related services, thus promoting the rapid development of land 

urbanization and population urbanization, and at the same time causing certain 

environmental pollution. The edge of the built-up area, the central mountain basin and 

the coastal landscape belt are the main areas affected by the complex effects of land 

urbanization, population urbanization and tourism activities development. In these areas, 

detailed land use planning can be made to control the speed of urban expansion, 

optimize the land use structure and improve the land use efficiency. Agricultural 

activities and environmental pollution have a significant negative impact on the 

ecosystem health level in the agricultural plain and surrounding built-up areas. 

Agricultural areas on the plain need to strictly control the red line of cultivated land, and 

prohibit the destruction of wetlands and the reclamation of land from lakes. The 

mountainous areas and sloping areas in central China should guide farmers to return 

farmland to forests to prevent soil erosion and ecological landscape damage, and 

encourage the development of ecological agriculture such as fruit and tree planting. 
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