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Abstract

:

It is of great significance to study the spatiotemporal differences between supply and demand of regional ecosystem services (ES) and evaluate the dynamic impact of changes in supply and demand on the ecosystem services value (ESV) so as to provide scientific guidance for human activities and maintain healthy ecosystem development. This study proposes a novel method to calculate the scarcity value of ecosystem service (SESV) as a function of the temporal and spatial changes in supply and demand to divided ecological zones with differentiated land-use strategies. Then, it explores the changes in ESV and SESV in the Beijing–Tianjin–Hebei (BTH) region from 2000 to 2015. Firstly, the native ecosystem services value (NESV) and demand of ES in the BTH region were evaluated. Secondly, the spatiotemporal influence mechanism of supply and demand on ESV was analyzed according to the equilibrium price principle of supply and demand in economics, and a model for evaluating the SESV was constructed on the basis of supply and demand. Lastly, the ecological zoning method was proposed for of the BTH region. Result shows that the NESV in the BTH region was 2775.54 billion CNY in 2000, and it decreased to 2722.44 billion CNY in 2015. Taking into account the changes in supply and demand, the SESV in 2015 was 2884.85 billion CNY. Secondly, the NESV in 2000 and 2015 and the SESV in 2015 exhibited a gradual downward trend from north to south. Lastly, according to the changes in ecosystem service supply and demand and NESV/SESV in the BTH region, the ecological zones of the BTH region were divided, and differentiated land-use policies were put forward. The research can not only enrich ESV evaluation theories and methods, but also provide a scientific basis for the coordinated development of the BTH region and promote regional ecological civilization construction strategies.
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1. Introduction


Ecosystem services (ES) are the environmental conditions and utilities that provide humans with products and services, directly or indirectly, in the formation and maintenance of ecosystems. ESV evaluation dates back to the 1970s, but it was not until 1997 that its calculation method was proposed by Professor Gretchen Daily and Professor Robert Costanza [1,2]. Since the 1990s, ES and their value evaluation have become the focus in the field of ecology, ecological economics, etc. International organizations have conducted a series of large-scale studies on ESV accounting, such as the 2001 United Nations Millennium Ecosystem Assessment, the 2007 EU Project on the Economics of Ecosystems and Biodiversity [3], the World Bank’s Wealth Account and Ecosystem Value Accounting Project, and the Experimental Ecosystem Accounting. At present, the evaluation of global ecosystem service value focuses on the changes in ecosystem services and the global flow of ecosystem services under different land-use scenarios [4,5]. These studies explored ESV accounting in terms of methodology and application. Methods for evaluating the ESV include material quality evaluation [6,7], value evaluation [8,9], energy analysis [10], and dynamic modeling evaluation [11,12]. The evaluation results have been widely applied in the delineation of ecological conservation zones and the assessment of the dynamic changes in regional ecological quality [13,14]. The differences in evaluation system construction, index selection, and methods potentially lead to a large gap in the evaluation results, but the importance of the ESV evaluation results in the differentiation of ecosystem services has been widely recognized [15,16]. Ouyang et al. [17] took the lead in utilizing the evaluation method of ESV to study ecological economics in China. Then, many scholars further conducted preliminary explorations on the ESV of forest [18], grassland [19] and ocean [20]. Xie et al. [21,22] constructed an ES equivalent factor table in China, which has since been widely used in China [23].



With the deepening of research, scholars have found that NESV has certain limitations in practical applications. For instance, the NESV results cannot accurately reflect ecological supply and demand, and the role of ESV may vary across different regions. Therefore, some scholars have tried to correct the influence of natural, economic, and cultural factors on the ESV, such as environmental factor correction [21], economic factor correction [24], location correction [25], and social development degree correction [26,27]. Among various corrections to the ESV, SESV is mainly corrected on the basis of the scarcity caused by the relationship between supply and demand of ES [28,29]. Scholars are paying more and more attention to the relationship between the supply and demand of ES and human wellbeing, and identifying the dynamic changes in supply and demand of ES in different regions, with a view to specifying services for policies [30,31]. According to the definition of economics, scarcity refers to the infinite desire of human beings and the limited resources to meet human needs [32]. Krutila [33] conceptually predicted that the SESV of the basic unmet demand for ES may become very large as the quantity of services becomes increasingly smaller relative to the demand. According to the scarcity effect on the ESV, scholars put forward the concept of SESV [34]. With population gathering and economic development, urbanization will bring more ES beneficiaries and stronger willingness to pay for ES, thus increasing the SESV [35]. The SESV caused by changes in supply and demand of ES will also lead to fluctuations in the value of ES in the process of urbanization [3,36]. The existing studies on the SESV mostly remained at the theoretical level. Bryan [37] put forward an evaluation model of SESV on the basis of changes in supply and demand and applied it to the Guangfo metropolitan area. Yu Kang [38] extended Bryan’s model and calculated the SESV in Chengdu. These studies laid a certain foundation for the ESV evaluation method based on supply and demand. However, such evaluation methods take a greater account of temporal variation than spatial differentiation. In addition, no quantitative method is available to determine key parameters, which needs to be urgently solved. The research objective of this study was to comprehensively consider the impact of time and space on the scarcity value of ecosystem services, and propose a new correction method of ecosystem service value to improve the existing research.



The Beijing–Tianjin–Hebei (BTH) region is the most important political and cultural center in China, as well as the largest and most developed economic core in northern China. In recent years, with the promotion of BTH integration, land cover and land use in the BTH region have constantly been adjusted. Urban construction, transportation development, and industrial docking all have great impacts on land use [39], which inevitably affect the supply of ES. In the Beijing–Tianjin–Hebei coordinated development planning outline, the Beijing–Tianjin–Hebei (BTH) region is positioned as a world-class urban agglomeration and an ecological restoration and environmental improvement area. The balance of ecosystem services, changes in supply and demand of ecosystem services, and their coupling relationship with urbanization in the Beijing–Tianjin–Hebei region were the focus of previous studies [40,41,42]. At the same time, there is a big gap between regional natural conditions and economic development, and the demand for ES varies greatly across different natural, economic, and social conditions. There is a large difference in the supply and demand for ES in the BTH, with a close correlation between the supply and benefit of ES. How to evaluate the value of ES in the BTH region, reflect the differences between regional supply and demand, and put forward the dynamic evaluation method of ESV are of great significance to promoting the coordinated development between ecology and economy. According to the principle of equilibrium price of supply and demand in economics, this study proposes a novel method to calculate the SESV on the basis of the temporal and spatial changes in supply and demand, and then divides the ecological zones with differentiated land-use strategies, which can provide a basis for adjusting and managing regional ecological service supply structure and is of great importance for achieving ecological security and social and economic development.




2. Study Area and Data Sources


2.1. Study Area


The BTH region is located in the heart of Bohai Rim, bordering Yanshan Mountains in the north, North China Plain in the south, Taihang Mountain in the west, and Bohai Bay in the east. The region includes Beijing City, Tianjin City, and Hebei Province, with a land area of about 220,000 km2 and a total population of about 110 million in 2019. In 2001, the development concept of “BTH integration” was put forward (Figure 1). In 2005, Beijing proposed to build itself into a capital economic circle and a world city, to accelerate the development and opening up of the Tianjin Binhai New Area. In addition, Hebei’s strategies to construct a coastal development belt and a green economic circle around the capital were included in “China’s Twelfth Five-Year Plan”. In 2015, the Master Plan for Coordinated Development of BTH was published. In the past 15 years, tremendous changes have taken place in the land-use structure and social economy in the BTH region, which is why the BTH region was selected as the research object to analyze the dynamic value evaluation method of ES from 2000 to 2015.




2.2. Data Sources


The land-use data in this study were from the Data Center of Resources and Environmental Sciences, Chinese Academy of Sciences, and their original data source came from the digital images of Landsat TM with a spatial resolution of 30 m. The interpretation products included six categories and 31 subcategories, with a classification error of less than 2 pixels. The data were in the shp format. The database used for this study was from the years 2000 and 2015. According to the research purpose, land use was divided into 12 categories, namely, paddy field, dry land, forested land, shrub forest, sparse woodland, other woodlands, high-coverage grassland, medium-coverage grassland, low-coverage grassland, water body, desert, and construction land. Social and economic statistics were obtained from Beijing Regional Economic Statistical Yearbook, Tianjin Statistical Yearbook, Hebei Economic Statistical Yearbook, and Hebei Rural Statistical Yearbook in corresponding years (2001 and 2016). All figures were processed in ArcGIS10.2.





3. Materials and Methods


3.1. Evaluation of Supply and Demand of ESV in BTH Region


The concept of supply and demand of ES has not been unified [43]. Yan et al. [44] analyzed the connotation of supply–demand–consumption of ES from different perspectives such as consumption, preference and payment. Ma et al. [45] categorized supply into potential and actual supply, and demand for ecosystem services into realized and total demand. According to Xie et al. [22], the supply function of ES can be divided into 12 categories, namely, air quality, climate regulation, water conservation, soil conservation, waste disposal, biodiversity, food production, raw materials, and recreation and culture. The logical relationship between supply and demand of ES is shown in Figure 2.



3.1.1. Evaluation of NESV


The ES equivalent factors table in China proposed by Xie Gaodi was adopted in this study [22]. According to the national average grain price ratio, the value was revised to that of 2015, and the value level was further corrected from the whole country to the BTH region [46] using the NPP comparison method, so as to determine the NESV of each land-use type (Table 1). Combined with land-use data in the BTH region, the NESV was calculated using Equation (1).


  N E S  V  s , k , t 1   =  a  k , t 1   × V  C  s , k   ,  



(1)




where NESVs,k,t1 is the NESV of class k on the land use s in year t1, ak,t1 is the area of land-use type k at time t1, and VCs,k is the unit NESV of class s of land-use type k.




3.1.2. Evaluation of ES Demand


According to the actual situation of the BTH region, population density, per capita GDP, proportion of tertiary industry output value, and adult literacy rate were selected to calculate the ES demand (Table 2). Specifically, the population density reflects the regional population status, per capita GDP indicates the regional economic development level, proportion of tertiary industry output value demonstrates the regional industrial development status, and adult literacy rate shows the country’s education popularization and regional education level. The extreme value method was used to standardize the evaluation index, and the expert consultation method was used to determine the weight of the index. Taking districts and counties as evaluation units, ES demand in the BTH region in 2015 was evaluated using Equation (2).


  D t =   ∑   i = 1  n   (   A  p i   ×  W i   )  ,  



(2)




where Dt is the demand index of evaluation unit, Api is the standardized value of index i of unit p, Wi is the weight of the index i, i is the number of the evaluation index, and n is the total number of the evaluation index.




3.1.3. Zoning of Supply and Demand of ESV


The spatial correlation between supply and demand of ESV was determined using the bivariate spatial autocorrelation analysis method, and the supply and demand zones of ESV were divided, which can be expressed as


   I  l m  p  =  z l p    ∑   q = 1  n   W  p q ∗  z m q    ,  



(3)




where    z l  p      =       X l p  −   X ¯  l     σ 1     ,    z m p     =       X m q  −   X ¯  m     σ m     ,    X l p    is the value of attribute l of the space unit p  ,    X m q    is the value of the attribute m of the spatial unit q,     X ¯  l    and     X ¯  m    are the average value of the attributes l and m, and    σ 1     and     σ m    are the variance of the attributes l and m.





3.2. Evaluation of Spatiotemporal Supply–Demand Scarcity of ES


3.2.1. Concept of SESV


Bryan [37] pointed out that, in microeconomics, the basic model of the supply and demand curve mirrors the functional relationship among three variables, namely, price, demand, and supply, from a mathematical perspective. The theoretical basis is that price is an independent variable that determines demand and supply and is positively correlated with supply but negatively correlated with demand. Equilibrium price is produced when supply and demand are balanced. The relationship between supply and demand can predict the quantities of supply and demand caused by price change. The price can also be affected by supply and demand (expressed as value in this study). According to the equilibrium price principle of supply and demand in economics, this paper analyzes the influence mechanism of the temporal change in the supply and demand of ESV on the supply and demand curve of ESV (simplified as a straight line in this paper). Generally, with social and economic development, the regional demand for ES will increase (Figure 3A), while the supply of ES will decrease (Figure 3B). The above two occur simultaneously (Figure 3C), resulting in an increase in the scarcity (value) of ES. Scholars [33] once pointed out that, with the passage of time, the natural environment would become an irreplaceable value-added asset, indicating that the supply and demand of ES will change over time, thus affecting the value of ES and changing the importance (scarcity) of ES.



Combined with the price principle of balance between supply and demand in economics and on the basis of the characteristics of ES in the “hypothetical market”, this paper divides the ESV in the BTH region into private and public types, of which the former is mostly for material products. Their relevant ES can often be attached to the value of agricultural, industrial, or service products, and transformed into commodities that can be directly traded in the market, mostly essential products, such as food and bioenergy. However, public types such as climate regulation and leisure tourism are generally not priced or traded without policy intervention due to market failure (Table 3).




3.2.2. Evaluation Method of SESV


On the basis of the above analysis, the evaluation method of SESV was put forward [33], which reflects the change of supply and demand in the evaluation of ESV, i.e., with the increase in supply, the demand for SESV increases. It can be specifically calculated as follows:


  S E S  V  s , k , t 1   =  a  k , t 1   × V  C  s , k   ×  (  1 + Δ  P  S , t 1   S u p   + Δ  P  S , t 1   D e m    )  ,  



(4)




where   S E S  V  s , k , t 1     is the SESV of class S ES in land-use type k in the year t1  ,    a  k , t 1     is the area of land-use type k at time t1  ,   V  C  s , k     is the unit value of ES s of land-use type k,   Δ  P  S , t 1   S u p     is the change ratio of value caused by supply change, and   Δ  P  S , t 1   D e m     is the proportion of change in value caused by demand change.



Estimation of ESV change caused by supply change


  Δ  P  S , t 1   S u p   = Δ  Q  S , t 1   S u p   × Δ  p  S , t 1   S u p   ,  



(5)






  Δ  Q  S , t 1   S u p   = −     ∑   k ∈ K   E S  V  s , k , t 1   B a s i c   −   ∑   k ∈ K   E S  V  s , k , t 0   B a s i c       ∑   k ∈ K   E S  V  s , k , t 0   N a t i v e     ,  



(6)




where   Δ  Q  S , t 1   S u p     is the change ratio of ecosystem service supply, calculated using Equation (6), and   Δ  p  S , t 1   S u p     is the proportion of changes in the value of ES due to a 100% change in supply, calculated using Equations (10)–(13).



Calculation of ESV change caused by demand change


  Δ  P  S , t 1   D e m   = Δ  Q  S t 1   D e m   × Δ  p  t 1   D e m   ,  



(7)






  Δ  Q  t 1   D e m   =    D  t 1   −  D  t 0      D  t 0     ,  



(8)




where   Δ  Q  t 1   D e m     is the change ratio of ecosystem service demand, calculated using Equations (2) and (8), and    p  t 1   D e m     is the proportion of change in the ESV caused by change in demand, calculated using Equations (10)–(13). After calculating the value of subitems of ES, the total value of regional ES at T time can be calculated as follows:


  S E S  V t  =   ∑  k    ∑  s  S E S  V  s , k , t   .  



(9)







According to the sum of elasticity coefficients   Δ  p  S , t 1   S u p      and    Δ  p  S , t 1   D e m     in Equation (4), i.e., assuming that the price of the NESV (the equilibrium point between supply and demand in the initial test year) is 100% at the benchmark time, it is necessary to determine the change in ESV after the simultaneous changes in supply and demand over time. According to Bryan [37], the changes in supply and demand of market-oriented and public welfare ESV, as well as those of price after the simultaneous changes in supply and demand, were deduced.


  P = 1 +  2   (   e S  +  e D   )    .  



(10)






  P = 1 +   1 +  e D     (   e S  +  e D   )    .  



(11)






  P = 1 +  1   (   e D  +  e S   )    .  



(12)






  P = 1 +    e D     (   e S  +  e D   )    .  



(13)










4. Results


4.1. Different Ecological Zoning and Elasticity Coefficient of Supply and Demand


The ES supply was calculated using Equation (1), and the ES demand was evaluated using Equation (2). The spatial correlation between supply and demand of ES was determined through bivariate spatial autocorrelation analysis. Using ESV and the ecosystem service demand index as variables, the local spatial autocorrelation (LISA) aggregation map of the two variables was plotted. The supply and demand of ecosystem services in the BTH region were divided into five categories, namely, high–high (H–H)/low–low (L–L) significant positive spatial correlation, low–high (L–H)/high–low (H–L) significant negative spatial correlation, and no significant spatial correlation (NS). As shown in Figure 4, H–H region was mainly distributed in the suburbs of Beijing and Tianjin, with the H–L region in the northern BTH, L–H region in the main urban areas of Beijing and Tianjin, L–L region mainly distributed sporadically in the southern BTH, and NS region the most widely distributed.



In previous studies, different scenarios were analyzed [37,38]. High, medium, and low conditions were considered in the determination of elasticity coefficient of supply and demand of ESV. The limitation was that the elasticity coefficient of different regions and periods was set as a unified value. Actually, regional difference is an important reason for the imbalance between supply and demand of ES and large value gap between the two. The spatial and temporal differences were considered in the determination of elasticity coefficient in this study. According to the supply and demand pattern of ES, the elasticity coefficient of supply and demand of ESV was determined by regions. A greater demand was correlated with a smaller demand elasticity. Accordingly, the region with a large supply volume had a large supply elasticity, while that with a small supply volume had a small supply elasticity. Therefore, high-supply and high-demand areas (H–H) had high supply elasticity but low demand elasticity, low-supply and high-demand areas (L–H) had both low supply elasticity and low demand elasticity, high-supply and low-demand areas (H–L) had both high supply elasticity and high demand elasticity, and low-supply and low-demand areas (L–L) had both low supply elasticity and low demand elasticity. The elasticity coefficients of different supply and demand zones were identified according to the ecosystem service supply and demand zoning map of the BTH region, as displayed in Table 4.




4.2. Changes in NESV and SESV


Figure 5 shows the changing trend of NESV and SESV in the BTH region. As can be seen from the figure, the NESV in the BTH region was 2775.54 billion CNY in 2000, and it decreased to 2722.44 billion CNY in 2015. Considering the changes in supply and demand, the SESV in 2015 was 2884.85 billion CNY. In terms of types, the NESV in 2000 ranked as follows: water conservation > waste disposal > soil conservation > biodiversity > climate regulation > air quality > raw materials > food production > recreation and culture. In 2015, the NESV decreased by 53.07 billion CNY, among which food production had the highest reduction ratio, followed by climate regulation, soil conservation, and waste disposal, with a reduction ratio of more than 2%. The reduction ratios of recreation and culture, biodiversity, and water conservation value were relatively low, while that of raw materials increased to some extent. However, the SESV in 2015 was 109.34 billion CNY higher than the NESV in 2000 and 162.41 billion CNY higher than the NESV in 2015.



Figure 6 shows the distribution of the total ESV in the BTH region. It can be seen from the figure that the NESV in 2000 and 2015 and the SESV in 2015 showed a downward trend from north to south. The northern region was mostly covered with forests, with a relatively high unit price of ESV. In 2015, the total NESV decreased slightly, but with little change in the northern region, while the expanded construction land in the southern plain occupied cultivated land and other land types, resulting in a decrease in the total NESV. However, NESV and SESV in 2015 changed inconsistently. As shown in Figure 6, the SESV in northern China witnessed insignificant change, which was mainly because the supply and demand of ES in the northern region did not change much, while the NESV in the southern region decreased and the demand increased, resulting in an overall rise in the SESV, especially in the surrounding areas of Tianjin, Shijiazhuang, Baoding, etc.



Figure 7 shows the distribution of single ESV in the BTH region. On a whole, the values of air quality, climate regulation, biodiversity, water conservation, soil conservation, and raw material function in the northern region were higher than those in the southern region. The value of waste disposal function was uniformly distributed in the whole region, but the SESV of waste disposal in the southern region in 2015 was significantly higher than that in 2000. The value of food production in the southern region was higher than that in the northern region, the NESV of food production in 2015 was significantly higher than that in 2000, and the SESV of food production in the northern region increased in 2015. The values of recreation and culture were high in two areas, one of which was northern mountainous area, while the other was eastern coastal area. Relatively speaking, little change occurred to NESV and SESV.




4.3. Ecological Zoning and Land-Use Strategy in the BTH Region


In order to fully understand that changes in regional ecosystem service, it is of great importance to calculate the changes in NESV and SESV in the BTH region while using the country as the evaluation unit. The ecological zoning was divided into five categories, namely, NESV increase–SESV increase (NA–SA), NESV increase–SESV decrease (NA–SD), NESV decrease–SESV increase (ND–SA), NESV decrease–SESV decrease (ND–SD), and no change, as shown in Figure 8. NA–SA areas were scattered in the BTH region, with increased NESV and improved ecological environment. At the same time, the demand and SESV of regional ecosystem increased, which represented benign development. However, it is still important to further optimize the land-use structure, improve supply capacity, and promote the coordinated development of supply and demand. The NA–SD area was mainly distributed in the eastern coastal area, which was in a relatively good state because of improved NESV, increased supply, reduced demand and SESV, and improved regional ecological environment. The ND–SA region was the most widely distributed. The baseline value in the region decreased; however, with economic development and population growth, ecological demand and the SESV increased, especially in the districts and counties around Beijing, Tianjin, Shijiazhuang, and Baoding, where the NESV obviously decreased, while the SESV increased. This represented the core area of economic development in the BTH region. Therefore, it is necessary to attach great importance to land control, limit the conversion from land with high ESV to land with low ESV, and improve the utilization rate of ES. The ND–SD region was mainly distributed in the northern ecological conservation and sporadically in the southern plain. The NESV and SESV were reduced in this region, as were the overall ecological environment quality, regional demand, and SESV. Hence, it is necessary to optimize land-use structure in this region and promote the coordinated development of ecological environment and economy.





5. Discussion


5.1. The Relationship of NESV and SESV


NESV and SESV are different in meaning, in which the former reflects the spatial change in actual physical quantities of regional ecosystems, while the latter reflects the supply and demand capacity of ES, such as reduced supply and increased demand, scarcity, and SESV. The change in SESV is a reflection of the importance of regional ES. The spread of SESV reflects a market failure and demonstrates the growing importance of regional ecosystems and their urgent need to be protected. In previous studies, the change in NESV was often used to reflect that of ESV, and research results reflected the change in the direct quality of regional ES. However, these studies were not comprehensive and objective, as they failed to take into account the change in regional supply and demand and humans’ needs. Through the research of this paper, the relationship between NESV and SESV was clarified, and then the changes in ESV and SESV were explored on the basis of the scarcity effects of spatiotemporal supply–demand influence in the Beijing–Tianjin–Hebei (BTH) region from 2000 to 2015. According to the changes in ecosystem service supply and demand and NESV/SESV in the BTH region, the ecological zones of the BTH region were divided, and differentiated land-use policies were put forward. This research can not only enrich ESV evaluation theories and methods, but also provide a scientific basis for the coordinated development of the BTH region and promote regional ecological civilization construction strategies.




5.2. Application in National Spatial Planning


Land spatial planning can provide a guarantee for ecological civilization construction. Therefore, not only should the status quo of land use be grasped, but the impact of land-use, economic, and social development on regional ES value, especially on public welfare ES value, should also be accurately evaluated and predicted, and their changes should be timely incorporated into the government’s spatial planning and decision making. Due to the importance of different ecological services, NESV and SESV, the government is advised to focus more on reducing urban sprawl and land-use conversion in land spatial planning, which can provide high ESV. Furthermore, it is also of great importance to pay attention to reducing ecosystem service restoration and new land use with high ESV. The dynamic evaluation of ESV, and the analysis of temporal and spatial changes can lay a foundation for scientific and rational decision making of ecological space in land spatial planning. Combined with NESV and SESV of ecosystem services, the important types and regions of ecosystem services supply were determined, and land-use strategies of different supply and demand regions were proposed, which would help ensure the effective supply of ES, identify important ES types and hotspots, and strengthen the supervision of ecological protection red lines. We also suggest to effectively protect ecosystem service resources such as mountains, forests, and water systems, as well as enhance the supply capacity and level of regional ES.




5.3. Application in the Realization of ESV


Ecological compensation and cross-regional transaction of ES are important ways to realize the ESV. In the formulation of ecological compensation standards, the Chinese government has repeatedly proposed to build a market-oriented and diversified ecological protection compensation mechanism. By dynamically evaluating ESV in the BTH region, this study proposed the importance of the ecosystem to regional ecosystem and its changing trend, as well as the basis and standard of regional ecological compensation according to the different supply and demand of the BTH regional ecosystem, so as to improve the efficiency of using ecological compensation funds and embody ecological equity. On the other hand, in the cross-regional transaction of ES, natural economic and social foundations vary among different regions, resulting in great differences in the supply and demand of ES; therefore, it is not appropriate to simply conduct cross-regional transactions at a ratio of 1:1. In the system design of transregional transaction of ESV, the government needs to not only reasonably calculate the NESV of different regions, but determine the value conversion coefficient between ES in different regions. Combined with the results of NESV, the difference in the importance of ES in different supply and demand areas of ES in the BTH region can be evaluated by dynamically evaluating the ESV in the BTH region, which can be used as a reference for the transaction coefficient of ES for different supplies and demands in the BTH region to further promote the cross-regional transaction of ES, facilitate value realization, and improve the transaction efficiency of ES.





6. Conclusions


After 30 years of development, the research on ESV evaluation has gradually shifted from qualitative, static, and single to quantitative and dynamic. The existing evaluation methods of ESV have matured, thus gradually forming relatively perfect evaluation theories and methods. At present, academic circles pay more attention to the evaluation method of the NESV, but there is little research on the dynamic change evaluation system of the ESV as a special product in the market. In recent years, scholars have begun to focus on the relationship between supply and demand of ES, attempting to reflect the relationship between supply and demand in the value assessment of ES.



Aiming at the major national needs of ecological civilization construction and coordinated development of the BTH region, this paper explored the influence mechanism of supply and demand changes in ecosystem value of the BTH region, and then constructed the corresponding method for evaluating ecosystem value. The findings indicate that the NESV in the BTH region decreased without considering the relationship between supply and demand of regional ES, but the SESV increased when the changes in supply and demand were included in the relationship between supply and demand of ES. It should be noted that the increase in SESV is not a reflection of an increase in physical quantity, but an increase in SESV, which represents an increase in the importance of ES, indicating that the ESV in this region requires more protection. By comparing the changing trend of NESV and SESV, we are expected to propose targeted measures against regional land-use structure adjustment and ecological protection. The research results can enrich ESV evaluation theories and methods. It helps to protect important ES in the BTH region and promote the value realization and cross-regional transactions of ES, thus providing a scientific basis for the coordinated development of the BTH region and promoting the strategy of ecological civilization construction, as well as a case study and experience reference for the dynamic evaluation of ESV.
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Figure 1. Schematic diagram of the location of BTH region. 
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Figure 2. The relationship between supply and demand of ecosystems. 
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Figure 3. General influence mechanism of the temporal supply and demand of ESV (redrawn from Bryan et al., 2018). 
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Figure 4. Zoning map of ecosystem service supply and demand in the BTH region. 
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Figure 5. Change in NESV and SESV in the BTH region from 2000 to 2015. 






Figure 5. Change in NESV and SESV in the BTH region from 2000 to 2015.



[image: Land 11 01545 g005]







[image: Land 11 01545 g006 550] 





Figure 6. NESV in 2000 and 2015 and SESV in 2015 of the BTH region. 
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Figure 7. NESV of individual ES in 2000 and 2015 and SESV in 2015 in the BTH region. 
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Figure 8. Ecological zoning in BTH region. 
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Table 1. The basic NESV per unit area of each land-use type in the BTH region (CNY/hm2).
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	Land Use
	Air Quality
	Climate Regulation
	Water Conservation
	Soil Conservation
	Waste Disposal
	Biodiversity
	Food Production
	Raw Materials
	Recreation and Culture
	Total Value





	Paddy field
	1185.632
	2110.50
	355.77
	2596.79
	1555.74
	420.89
	1778.72
	118.59
	309.70
	10,432.33



	Dryland
	592.816
	1055.25
	711.41
	1731.15
	1944.61
	841.79
	1185.77
	118.59
	253.93
	8435.30



	Forested land
	4149.98
	3464.20
	4105.68
	5003.81
	1680.84
	4182.67
	128.33
	3335.44
	1642.27
	28,033.87



	Shrub forest
	3319.984
	3117.79
	5337.45
	4003.02
	840.42
	3346.17
	128.33
	3335.44
	1313.85
	25,014.97



	Sparse woodland
	2489.988
	2274.46
	5391.18
	2815.88
	630.63
	2353.89
	96.29
	2502.67
	1078.21
	19,670.36



	Other woodlands
	2074.99
	1612.64
	5733.86
	1863.54
	626.00
	1947.11
	83.70
	2173.77
	917.46
	17,048.54



	High-coverage grassland
	948.586
	1075.14
	955.67
	2329.56
	1564.92
	1302.08
	358.43
	59.67
	415.13
	9016.25



	Medium-coverage grassland
	758.842
	891.94
	1189.30
	1932.56
	1298.36
	1080.24
	297.36
	49.56
	413.56
	7945.70



	Low-coverage grassland
	474.36
	549.52
	1270.01
	1190.66
	799.85
	665.57
	183.26
	30.50
	338.24
	5516.14



	Water body
	0
	549.45
	24,344.82
	11.88
	21,716.91
	2974.46
	119.48
	11.88
	5184.27
	54,913.14



	Desert
	0
	0.00
	37.10
	24.78
	12.32
	421.12
	12.32
	0.00
	140.73
	648.37



	Construction land
	0
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
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Table 2. Index system for ES demand in the BTH region.
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	Indicator Name
	Indicator Meaning
	Calculation Method
	Positive and Negative
	Weight





	Population density
	The larger the population of the region, the greater the demand for food and ecology
	Total population/total area
	+
	0.30



	Per capita GDP
	The higher the GDP per capita, the higher the level of economic development, and the higher the demand for environment and culture
	GDP/total population
	+
	0.30



	Proportion of output value of tertiary industry
	The higher the proportion of output value of tertiary industry, the higher the demand for environment and culture of regional service industry
	Tertiary output value/regional output value
	+
	0.20



	Adult literacy rate
	The higher the adult literacy rate, the higher the regional education level, and the higher the demand for environment and culture
	Literate population/total population
	+
	0.20
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Table 3. Classification of ES and analysis of elasticity coefficient of supply and demand.
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ES

	
Type of Good

	
Elasticity




	
Demand

	
Supply






	
Food production

	
Private

	
Inelastic mechanics

	
Elasticity




	
Raw material

	
Private

	
Inelastic mechanics

	
Elasticity




	
Air quality

	
Public

	
Elasticity

	
Inelastic mechanics




	
Climate regulation

	
Private

	
Inelastic mechanics

	
Elasticity




	
Water conservation

	
Private

	
Inelastic mechanics

	
Elasticity




	
Waste disposal

	
Private

	
Inelastic mechanics

	
Elasticity




	
Soil conservation

	
Public

	
Elasticity

	
Inelastic mechanics




	
Biodiversity

	
Public

	
Elasticity

	
Inelastic mechanics




	
Recreation and culture

	
Public

	
Elasticity

	
Inelastic mechanics
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Table 4. Determination of elasticity coefficient of different ecological supply and demand zones in the BTH.
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Type

	
Relative Change in SESV

	
Private Goods

	
Public Goods




	
Supply

	
Demand

	
Supply

	
Demand






	
High supply and high demand (H–H)

	
Elasticities

	
5

	
0.8

	
0.1

	
1.1




	
Δ P

	
0.172

	
0.172

	
0.83

	
0.92




	
Low supply and high demand (L–H)

	
Elasticities

	
2

	
0.8

	
0.7

	
1.1




	
Δ P

	
0.357

	
0.357

	
0.55

	
0.61




	
High supply and low demand (H–L)

	
Elasticities

	
5

	
0.2

	
0.1

	
2.1




	
Δ P

	
0.19

	
0.19

	
0.45

	
0.50




	
Low supply and low demand (L–L)

	
Elasticities

	
2

	
0.2

	
0.7

	
2.1




	
Δ P

	
0.45

	
0.45

	
0.357

	
0.392




	
Other Areas (NS)

	
Elasticities

	
3.5

	
0.5

	
0.4

	
1.6




	
Δ P

	
0.25

	
0.25

	
0.5

	
0.8








Notes: the value of one is unitary elasticity where a 1% change in price results in a 1% change in supply/demand; high elasticity is represented by numbers much greater than one, and high inelasticity is represented by numbers much smaller than one.
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