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Abstract

:

The balance between the supply and demand of ecosystem services (ESs) is an important prerequisite for maintaining the sustainability of ecological protection and restoration project implementation. However, research related to ecological protection and restoration is insufficient for the study of the demand for ecosystem services. Many ecological protection and restoration projects have been implemented in the Fujian Province, but the ESs and the relationship changes between supply and demand are not clear. In this study, multisource remote sensing and public data and the InVEST model were used to quantitatively assess and map four typical ESs, including food production, water yield, soil retention and carbon sequestration. Hotspot analysis was used to analyze the spatial cluster of the ESs supply–demand ratio. The results showed that: (1) there were trade-offs between supporting and regulating services, particularly between carbon sequestration and water yield services, and the strength of trade-offs or synergies between food production and other services was stronger in protection and restoration areas than in other areas; (2) the supply of ESs in the Fujian Province exceeded the demand, and the supply–demand ratio for ESs decreased from the mountainous regions in the northwest interior to the economically developed regions in the southeast coast; and (3) ecological restoration projects improved the relationship between supply and demand for some ESs, while other areas (except protection and restoration areas) had many low-value clusters of supply–demand ratios, especially regarding water yield and carbon sequestration services. Based on the results, our findings also provide suggestions for ensuring the sustainability of ecological protection and restoration in southeast hilly areas and other similar regions.
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1. Introduction


Ecosystem services (ESs) are all the benefits that humans receive from ecosystems, which are the basis for human survival and development and are essential to human well-being [1,2,3,4,5,6]. Early research on ESs focused on their economic valuation and ecological progress mechanisms [1,7]. Since the release of the UN Millennium Ecosystem Assessment (MA) report in 2005, ESs have become a central part of research in the field of sustainable development and natural resource management [6,8]. ESs research supporting decision-making on human activities such as ecological restoration is becoming a research hotspot. In this regard, research on the relationship between the supply and demand of ESs is an important element in supporting decision-making, which is also important for the sustainability of ecological construction [9,10,11].



Trade-offs between the supply and demand of ESs are generally reflected in the mismatch in terms of spatial and quantitative values. The spatiotemporal patterns of ES supply and demand are the basis for clarifying the source–sink relationships, flow paths and fluxes of ESs [12,13]. Existing studies have focused more on pattern analysis and quantification of the supply side of ESs (especially on provisioning, regulating and cultural ESs), including ecosystem structure, processes and functions. From the perspective of landscape ecology, the mechanisms of formation and change in the physical supply of ESs have been analyzed [14,15]. Furthermore, ecological economics was combined into the research to develop value assessments to deepen the understanding of the spatial structure of the ESs supply [7,16,17,18]. There are relatively few studies on the demand side of ESs [19,20,21].



According to existing studies, the main methods used to study the relationship between the supply and demand of ESs include the land-use-based relationship matrix method, the ecological model simulation method, the spatial discrete method and the survey method [22,23,24,25]. Among them, the land use relationship matrix method is easy to operate and has little data requirement, while the results have some uncertainty [26,27]. The questionnaire method is based on the expert’s empirical discernment or public questionnaire, which is more subjective [28,29,30]. The ecological model simulation method considers biophysical parameters and the results are detailed and credible, while it requires considerable data and is often difficult to apply effectively in large-scale studies [31,32]. Therefore, a combination of ecological model simulations and spatial discretization is commonly used [25,33]. For this combined measurement, the ecological models are used to simulate and map the ESs supply. Among these models, InVEST models, which are currently more accepted and user-friendly models, have been used extensively in ecosystem service assessment, and also in China. In terms of demand, the total regional consumption is assigned according to the land use type, NDVI, population density and nighttime light intensity, and the data are spatially discretized. This allows a balance between the credibility of the results and data limitations. Spatial scale is a key issue in ecosystem services research [30]. There is often a spatial mismatch between the supply of an ecosystem and its use, valuation or management [28]. Small-scale studies tend to consider only local stakeholders and ignore beneficiaries who are relatively distant from protected areas but have fewer or more costly opportunities for substitution [19]. The supply of ecosystem services in one location may also be influenced by adjacent locations.



However, most of the research only concerned the supply of ecosystem services, and no further analysis has been carried out in the context of demand. For the ecosystem services supply–demand relationships, most studies have focused on arid and semi-arid regions or alpine regions where natural conditions are more restricted [28,34]. However, less attention has been paid to the coastal provinces of southeast China, which are relatively rich in natural resources. Among them, even less attention has been paid to the ecological restoration project area. However, although the supply of ecosystem services is relatively abundant in these regions, the demand for ecosystem services is high due to high population density and economic development. The imbalance between supply and demand could threaten regional ecological sustainability.



In recent decades, especially since 2000, China has implemented a series of ecological conservation and restoration projects which have achieved great ecological restoration results [34,35,36,37]. However, the early ecological restoration strategies focused mainly on socioeconomic or ecological benefits, single elements and scattered indicators. These strategies can no longer meet the current needs of ecological protection and restoration because of the insufficient consideration of ESs [38,39,40,41]. China’s ecological protection and restoration needs to maintain the sustainability of ecological restoration project construction by balancing the supply and demand of ESs and fully coordinating the relationship between conservation and development [42,43,44,45]. The southern hilly mountain region is an important ecological barrier belt in China and the economy is well developed, making the area suitable for studying the relationship between the supply and demand of ESs. Ecological protection is of great significance, and the demand for natural resources is high. The Fujian Province, as an important part of the area, has coordinated planning and focused on building a number of major ecological projects since 2002 with the strategic goal of building an “ecological province”, which has an important impact on regional ESs [36,38]. In 2010, the ecological function zone plan of the Fujian Province was released to further strengthen ecological construction. Within this province, the Minjiang watershed was selected as one of the 25 National Pilot Projects for Ecological Protection and Restoration of Mountains, Rivers, Forests, Farmland, Lakes, Grasses and Deserts (or called Shan-Shui Initiative in China). There is also a National Nature Reserve located in the Wuyi Mountain area within the watershed [46].



Several studies have also been conducted in this region. However, many of them focus on the spatial distribution of the ESs supply for specific land use types (e.g., forests, orchards, tea plantations, agricultural land, etc.), and the study scales tend to be small (e.g., county or small watershed scales), with less research on the impact of regional-scale ecological engineering construction on ESs and the relationships between supply and demand [22,36,38,47]. In addition, the existing national-scale studies tend to use uniform parameters for model calculations, which lack relevance. Additionally, small-scale studies often have difficulty reflecting the source–sink relationships of ecosystem services. Therefore, regional-scale studies are needed to provide scientific support for the development and implementation of regional ecological protection and restoration strategies.



This study analyzes the changes in the supply and demand of food production (FP), water yield (WY), soil retention (SR) and carbon sequestration (CS) services, and their relationships in different ecological restoration areas in 2000, 2010 and 2020 by using remote sensing data and publicly available data. This study takes the Fujian Province as a case study and aims to (1) analyze the spatial and temporal variation of ESs supply and demand in and out of ecological restoration areas; (2) compare the ESs supply–demand relationship variations in different ecological restoration areas; and (3) provide suggestions for the sustainable ecological restoration in the Fujian Province and similar areas.




2. Materials and Methods


2.1. Description of the Study Area


The Fujian Province (terrestrial range between 115°50′–120°40′ E, 23°30′–28°22′ N) is in the hilly mountain belt of southeastern China (Figure 1), with an area of 12.4 × 104 km2. The main soil types are red and yellow loam, and the soil layer is thin and barren. The main vegetation includes evergreen broad-leaved forests, evergreen coniferous forests, mixed coniferous forests, bamboo forests and so on.



The six leading industries are the electronic information and digital industry, the advanced equipment manufacturing industry, the petrochemical industry, the modern textiles and garments industry, the modern logistics industry, as well as tourism. Most industrial clusters are in coastal cities.



According to the Fujian Province Third Land Survey Main Data Bulletin (http://zrzyt.fujian.gov.cn (accessed on 1 December 2022)), the province’s cropland is in areas with annual precipitation of 800 mm or more. Among them, 84.8% are paddy fields; 3.4% are watered lands; and 11.8% are dry lands. The main food crop in the Fujian Province is rice, followed by soybeans, potatoes and so on. There are many kinds of vegetables and two main ways to grow them.



The vegetable greenhouses were mainly in the cities along the coast, and summer vegetable production areas with middle and high altitude were mainly in the middle part from the northeast to the southwest of Fujian.



There are several water systems, such as the Min River, the Jiulong River, the Jin River, the Jiaoxi River and the Ting River. Among them, the Minjiang watershed (116°23′–119°43′ E, 25°23′–28°19′ N) is crucial in the Fujian Province for ecological protection and restoration. The watershed occupies an area of 6.1 × 104 km2. It has a subtropical monsoon climate with a warm and humid climate. The average annual temperature is approximately 18 °C, and the annual precipitation is approximately 1700 mm. The Shan-Shui Initiative in the Minjiang watershed includes five kinds of measures: water environment management and ecological restoration, biodiversity conservation, soil erosion management and ecological function enhancement of farmland, ecological restoration of abandoned mines and geological disaster prevention, as well as control, mechanism innovation and capacity building. There are 22 major projects located in 15 ecological restoration areas in this watershed (Table 1).



In the upper reaches of the Minjiang watershed, the Wuyi Mountains region is the largest mountainous area in the province and is rich in natural resources. It is one of the 11 key areas of global significance for biodiversity conservation in the country’s terrestrial areas. National nature reserves have been established in and around the Wuyi Mountains.



In this study, the range of the Shan-Shui Initiative in the Minjiang watershed was regarded as the restoration area, and the Wuyi Mountains national nature reserves and their surroundings were regarded as the protection area.




2.2. Data Sources


The land use types were obtained from the GlobeLand30 dataset, which is submitted by China to the UN (http://www.globeland30.com (accessed on 1 December 2022)). The land use types were divided into cropland, forest, grassland, shrubland, wetland, water body, artificial surface, bare land and others.



The range of the Shan-Shui Initiative in the Minjiang watershed was obtained from the Land Consolidation and Rehabilitation Center, Ministry of Nature Resources.



The annual precipitation was based on the climate data from the Data Center of China Meteorological Administration (https://data.cma.cn/ (accessed on 1 December 2022)). A total of 53 weather stations were selected to obtain the yearly precipitation data inside the Fujian Province and its surroundings (Figure 1). After excluding the data outliers, the elevation was introduced as a covariable to perform the interpolation with ANUSPLIN [48].



The grain, vegetable, meat and milk production and consumption data were from the Fujian Provincial Statistical Yearbook (https://tjj.fujian.gov.cn/xxgk/ndsj/ (accessed on 1 December 2022)).



The water consumption data were based on the Water Resources Bulletin of Fujian Province (http://slt.fujian.gov.cn/xxgk/tjxx/jbgb/ (accessed on 1 December 2022)).



The population density data were from the LandScan dataset which was published by the Oak Ridge National Laboratory of the United States Department of Energy (https://landscan.ornl.gov/ (accessed on 1 December 2022)) and was modified with China Census data from the China National Bureau of Statistics.



The nighttime lighting data were from the Prolonged Artificial Nighttime-light Dataset of China (1984–2020) which was provided by the National Tibetan Plateau Data Center (https://data.tpdc.ac.cn/zh-hans/data (accessed on 1 December 2022)) [49].



Carbon emission data were from the China County and District Carbon Emission Data (1997–2020), which were prepared according to the latest revision of energy data from the China National Bureau of Statistics (2015). Data of 2018–2020 were calculated by the interpolation method [50,51,52].



The soil and root properties were obtained from the Harmonized World Soil Database v1.2, which was released by the Food and Agriculture Paganization of the United Nations (https://www.fao.org/soils-portal/soil-survey/soil-maps-and-databases/harmonized-world-soil-database-v12/en/ (accessed on 1 December 2022)).



The NDVI, DEM and potential evaporative dispersion data were collected from the resource and environment data cloud platform of the Institute of Geographic Science and Natural Resources Research, Chinese Academy of Sciences (http://www.resdc.cn (accessed on 1 December 2022)). All the spatial data were resampled with a 1 km × 1 km spatial resolution fishnet in the ArcGIS 10.8.




2.3. Statistical Analysis


2.3.1. The Supply and Demand of Ecosystem Services


	(1)

	
Food production (FP)







An existing study showed a significant linear relationship between crop and livestock production and NDVI [53]. Since the supply and demand of aquatic products in the study area were mainly derived from seafood, aquatic products were not considered in this study. Based on the spatial distribution data of land use types, the total production of grains and vegetables was assigned according to the ratio of grid NDVI values to the total NDVI values of cultivated land. Similarly, the production of meat and dairy was assigned according to the ratio of grid NDVI values to the total NDVI values of grassland. Then, the spatial distribution of the food supply was calculated by Equation (1):


    F o o d   s u   =     N D V I   c r o p _ i       N D V I   c r o p _ s u m     ×   G V   s u m   +     N D V I   g r a s s _ i       N D V I   g r a s s _ s u m     ×   M D   s u m    



(1)




where Foodsu represents the food supply (t); NDVIcrop_i and NDVIgrass_i represent the NDVI value of grid i; NDVIcrop_sum and NDVIgrass_sum represent the total NDVI of cropland and grassland; GVsum represents the total production of grain and vegetables in the Fujian Province (t); and MDsum represents the total production of meat and milk in the Fujian Province (t).



Food demand was calculated by using per person food demand and population density, shown by Equation (2):


    F o o d   d e   =   F o o d   p e r   ×   P o p u l a t i o n   i    



(2)




where Foodde represents the food demand (t); Foodper represents the grain, vegetable, meat and milk demand per person (t); and Populationi represents the population density of grid i.



	(2)

	
Water yield (WY)







The water supply was calculated by the “Water Yield” module of the InVEST model, which was based on the water balance method. The WY supply was obtained by subtracting actual evaporation from precipitation. The calculation was based on Budyko’s water-heat coupling theory and the average annual precipitation as in Equation (3) [54,55,56]:


  E   i   =   1 −   A E T   i     P   i       · P   i    



(3)




where E(i) represents the annual WY supply of grid i (mm); AET(i) represents the annual actual evaporation of grid i (mm); and P(i) represents the annual precipitation of grid i (mm).



The AET(i) was calculated as Equation (4):


    A E T   i     P   i     = 1 +   P E T   i     P   i     −     1 +       P E T   i     P   i         w ( i )       2 / w ( i )    



(4)




where PET(i) represents the annual potential evaporation of grid i (mm); w(i) represents dimensionless parameters for climate and soil; and the meanings of other variables are the same as in Equation (3).



The w(i) was calculated in as Equation (5):


  w ( i ) = Z ·   A W C   i     P   i     + 1.25  



(5)




where Z represents seasonal index; AWC(i) represents the soil-available water content of grid i (mm); and the meanings of other variables are the same as in Equation (4).



The AWC(i) was calculated as in Equation (6):


  A W C   i   =   min  ⁡  (  M ax S o i l D e p t h   i   , R o o t D e p t h   i    )   ∗ P A W C   i    



(6)




where Max Soil Depth(i) represents maximum soil depth; RootDepth(i) represents the root depth; and PAWC(i) represents the plant-available water content of grid i (mm).



The water demand was divided into agricultural water, industrial water and other water. Agricultural water demand was assigned to the cropland grid according to NDVI weights. Industrial water demand was assigned to the artificial land grid according to the nighttime light intensity weight. Other water use was assigned to the grid according to the population density weight. The spatial distribution of water demand was calculated by Equation (7):


    W a t e r   d e   =     N D V I   c r o p _ i       N D V I   c r o p _ s u m     ×   W   c r o p   +     N L   a r t i _ i       N L   a r t i _ s u m     ×   W   a r t i   +     P D   i       P D   s u m     ×   W   o t h e r s    



(7)




where the Waterde represents the water demand (mm); NDVIcrop_i represents the NDVI value of grid i; NDVIcrop_sum represent the total NDVI of cropland and grassland; NLarti_i represents the nighttime light intensity of grid i; NLarti_sum represents the total nighttime light intensity of artificial surface; PDi represents the population density of grid i; PDsum represents the total population of the Fujian Province; and Wcrop, Warti and Wothers represent agricultural water, industrial water and other water (mm), respectively.



	(3)

	
Soil retention (SR)







The SR was calculated by using the “SDR model” from the InVEST model based on the revised universal soil loss equation (RUSLE), considering the sediment transport ratio and deposition existing in the actual soil erosion process with Equation (8) [57,58,59,60]:


  S M   i   = R K L S ( i ) − U S L E ( i ) + S E D R ( i )  



(8)




where the SM(i) represents the soil retention amount of grid i (t); RKLS(i) represents the potential soil erosion amount of grid i (t); USLE(i) represents the actual soil erosion amount of grid i (t); and SEDR(i) represents the retention of sediment intercepted by grid i itself (t).



The RKLS(i) were calculated as Equation (9):


  R K L S   i   = R   i   · K   i   · L   i   · S   i    



(9)




where R(i) represents the rainfall erosivity factor of grid i (MJ mm/ha/hr); K(i) represents the soil erodibility factor of grid i (t ha hr/MJ/ha/mm); and L(i) and S(i) represent the slope and length factors, respectively.



The USLE(i) were calculated as Equation (10):


  U S L E   i   = R K L S   i   · C   i   · P   i    



(10)




where C(i) and P(i) represent the vegetation cover crop management factor and soil and water conservation engineering measures factor for grid cell i (between 0–1), respectively; and the meanings of other variables are the same as in Equation (8).



The SEDR(i) were calculated as Equation (11):


  S E D R   i   = S E   i   ·   ∑  j = 1   i − 1    U L S E   j     ·   ∏     k = j + 1   i − 1     ·   1 − S E   k      



(11)




where SE(i) represents the retention rate of grid i; USLE(j) represents the amount of sediment generated by the uphill grid j (t); and SE(k) represents the sediment retention by uphill grid (t)



Soil erosion, as an unwanted ecological activity, is the part of soil erosion that humans want to reduce. Therefore, the demand for SR was calculated as the actual erosion component of the soil by using the universal soil loss equation (USLE), as shown in Equation (9).



	(4)

	
Carbon sequestration (CS)







Existing studies have shown that net primary productive (NPP) reflects the productivity of vegetation communities in the natural environment, and the carbon fixation capacity of the ground surface. It was equal to the carbon absorbed by plants through photosynthesis minus the carbon released by respiration. Soils in Fujian were very thin, and carbon fixation was mainly carried out by the above-ground parts of plants. Therefore, NPP was chosen to characterize the supply of regional CS services in this paper [61,62,63,64].



The CS demand was calculated by using the nighttime light intensity and the total carbon emissions. Existing studies have shown that there is a significant correlation between nighttime light brightness values and regional carbon emissions. This paper assumed that all carbon emissions from human activities need to be fixed in terrestrial ecosystems as CS demand, calculated by Equation (12):


    C S   d e   =     N L   i       N L   s u m     ×   C a r b o n   s u m    



(12)




where the CSde represents the CS demand (t); NLi represents the nighttime light intensity of grid cell i; NLsum represents the total nighttime light intensity of the Fujian Province; and Carbonsum represents the total carbon emissions of the Fujian Province.




2.3.2. The Trade-Offs/Synergies of Ecosystem Services


The correlation between vegetation coverage and variables was calculated by Pearson correlation analysis pixel-by-pixel. The correlation coefficient was calculated using Equation (13) [33,65]:


    r   x y   =     ∑  i = 1   n          x   i   −   X  ¯        y   i   −   Y  ¯               ∑  i = 1   n        x   i   −   X  ¯        2     ∑  i = 1   n          y   i   −   Y  ¯      2         



(13)




where n represents the number of samples, xi and yi represent the value of two kinds of ecosystem services at grid cell i, respectively;     X  ¯    and     Y  ¯    represent the mean value of the two kinds of ecosystem services, respectively; and rxy represents the correlation coefficient between the two kinds of ecosystem services. When this value is greater than zero, it indicates a synergistic relationship between the two ecosystem services. When the value is less than zero, there is a trade-off between the two ecosystem services.




2.3.3. The ESs Supply–Demand Relationships


The relationship between ESs supply and demand was analyzed by the supply–demand ratio. It could reflect the match between the supply and demand of ecosystem services. When the supply–demand ratio >0, it indicates that the supply is greater than the demand. When the supply–demand ratio <0, it indicates that the supply does not meet demand. The supply–demand ratio was calculated using Equation (14) [66,67,68]:


    S D R   i   =       S U   i   −   D E   i           S U   m a x   +   D E   m a x     / 2    



(14)




where the SUi and DEi represent the supply and demand of the same ecosystem service at the same time, respectively; and the SUmax and DEmax represents the maximum supply and demand of the same ecosystem service at the same time in the study area, respectively.




2.3.4. Spatial Clustering Analysis of the Supply–Demand Relationships


The Getis–Ord     G   i   *     index was used to analyze the hot and cold spots of supply–demand ratio to characterize their significant high and low values of clustering areas. The z-scores and p-values were measures of statistical significance which showed whether to reject the null hypothesis, feature by feature. A high z-score and small p-value for a feature indicates a spatial clustering of high values. The     G   i   *     index was calculated by Equation (15) [69,70,71]:


    G   i   *   =     ∑  j   n      w   i j     x   j         ∑  j   n      x   j        



(15)




where the wij represents a symmetric one/zero spatial weight matrix with ones for all links defined as being within distance of a given i; and n represents the total number of patches.



The z-score was calculated by Equation (16) [69,70,71]:


  Z     G   i   *     =     ∑  j = 1   n      w   i j     x   j   −   x  ¯    ∑  j = 1   n      w   i j         S D        n   ∑  j = 1   n      w   i j   2   −     ∑  j = 1   n      w   i j             2     n − 1       



(16)




where Z(Gi*) represents the z-score;     x  ¯    represents the average value of an ecosystem service; SD represents the standard deviation of an ecosystem service; and the meanings of other variables are the same as in Equation (15).



The hot/cold spots confidence levels were analyzed with Table 2.






3. Results


3.1. Variation in the ESs Supply and Their Relationships


The distribution of the ESs supply and temporal variation rates are shown in Figure 2 and Table 3. The mean value of the ESs supply and its rate of change varied significantly among regions. The supply of WY and SR was higher in the protected areas than in the restoration areas, and both were higher than that in other areas. FP showed the opposite pattern. CS was highest in the protected area in 2000 (926.79 t), while it changed to the restoration area in 2010 and 2020 with highest values of 922.68 t and 1014.91 t, respectively.



From 2000 to 2020, the supply of FP and CS increased, and WY and SR decreased in the Fujian Province (Table 3). The FP in each region decreased between 2000 and 2010 and increased between 2010 and 2020, with the largest changes in protected areas occurring during these two time periods. CS in the protection area decreased from 2000 to 2010 and increased in the other regions in both time periods. SR services showed an increasing and then decreasing trend in both protection and restoration areas, while they continued to decrease in other areas. The change rate was greatest in protected areas in these two time periods.



The variations in the relationships between different ESs are shown in Table 4. In the Fujian Province, the relationship between FP and WY and that between CS and SR showed synergistic relationships. There were trade-off relationships between FP and SR, between FP and CS and between WY and CS. The relationship between WY and SR changed from trade-off (−0.07) to synergy (0.37) from 2000 to 2020. The relationship between WY and CS in the protection area gradually changed from synergistic (0.23) to trade-off (0.03), while the restoration and other regions always showed trade-off relationships. The intensity of trade-offs or synergies between FP and other services was stronger in protection and restoration areas than in other areas.




3.2. Variation in the ESs Demand


The distribution of the ESs supply and temporal variation rates are shown in Figure 3 and Table 5 and from 2000–2020, the demand for WY and CS increased, and the demand for FP and SR decreased in the Fujian Province (Table 5). WY demand decreased in protection areas and restoration areas from 2000–2020, where demand decreased from 2000–2010 and increased from 2010–2020, while other areas showed the opposite change. For CS demand, the value of protection areas decreased significantly between 2010 and 2020, while the difference was not significant in other areas and restoration areas.



. The mean value of ESs demand and its rate of change varied among regions. The demands for FP, WY and CS in the protection area were lower than those in the restoration area, and all were lower than those in other areas. The demand for SR showed an opposite variation pattern.



From 2000–2020, the demand for WY and CS increased, and the demand for FP and SR decreased in the Fujian Province (Table 5). WY demand decreased in protection areas and restoration areas from 2000–2020, where demand decreased from 2000–2010 and increased from 2010–2020, while other areas showed the opposite change. For CS demand, the value of protection areas decreased significantly between 2010 and 2020, while the difference was not significant in other areas and restoration areas.




3.3. The Relationship between ESs Supply and Demand


Spatial and temporal variations in the ESs supply–demand ratio in different areas are shown in Figure 4 and Table 6. In all of the Fujian Province, ESs showed a trend of supply exceeding demand with strong spatial heterogeneity. The supply–demand ratio of FP increased in all areas during 2000–2020, while that of SR increased in protection and restoration areas and decreased in other areas. The supply–demand ratio of WY increased between 2000 and 2010 and decreased between 2010 and 2020 in protection and restoration areas. The supply–demand ratio of WY for other areas decreased from 2000 to 2020. For the CS, the supply changed from more than demand to less than demand in the other areas, and the imbalance between supply and demand increased, with the supply–demand ratio being 0.727, −0.0300 and −0.0612 in 2000, 2010 and 2020, respectively.



The spatial and temporal variations in the ESs supply-demand ratio in different subproject areas in the Minjiang Shan-Shui Initiative Project are shown in Figure 5. The supply-demand ratio of CS in each subproject area showed a decreasing trend during 2000–2010 and increased in some areas during 2010−2020, while that of WY showed the opposite pattern. For subproject area No. 14, the supply of CS and WY exceeds the demand. For subproject areas No. 5, 13 and 15, the supply of CS was lower than the demand in 2010, with CS still being undersupplied in subproject area No. 15 in 2020 (the supply-demand ratio is −0.2498). Although SR in subproject area No. 12 and FP services in subproject area No. 14 showed an excess of supply over demand, the supply-to-demand ratio continued to decrease over the period 2000−2020.



The hot and cold points of the ESs supply-demand ratio in 2020 are shown in Figure 6. In general, the cold spots of the supply-demand ratio for FP, WY and CS increased and that of SR decreased during 2000−2020 in the Fujian Province. The hot spots of the supply-demand ratio for WY and SR increased, while that of CS did not form a spatial cluster of high values. In the protection area, the high-value cluster areas for WY and SR gradually formed from 2000 to 2020. Most restoration areas have a high−value cluster of the supply–demand ratio for WY and SR. However, there were large areas of low-value clusters for the CS services supply-demand ratio in subproject areas No. 5, 7, 14 and 15. In addition, the cold spot clusters for the CS supply-demand ratio increased in subproject area No. 2, which was located around the protection area. The cold spots cluster of the supply-demand ratio for WY, CS and FP increased during the study period in subproject area No. 14, which was close to the provincial capital city.





4. Discussion


4.1. Changing Characteristics of Ecosystem Services under Ecosystem Protection and Restoration


Ecological protection and restoration are important ways to enhance ecosystem services and optimize the relationship between their supply and demand [39,45]. Ecological protection refers to the various preventive and control measures taken by people in various production and living dialogs to avoid or minimize the negative impact on the ecological environment. For ecological restoration, the goal in China was shifting from optimizing ecosystem structure and function to enhancing both human well-being and ecosystem quality [45]. It also started to focus on the effectiveness of ecosystem services and the balance between supply and demand [30,72,73]. The coastal hilly areas of southeast China have seen an increase in vegetation cover in recent years following a series of ecological protection and restoration efforts [38]. However, the study area entered a new stage of accelerated industrialization and urbanization, and the intensity of human activities such as mining increased, which increased the load on the local ecosystem [22]. In that case, changes and the balance of ecosystem services require further study.



Although some ESs showed synergistic relationships with each other, there were trade-offs between supporting and regulating services, particularly between CS and WY (Table 4). Existing ecological conservation and restoration measures have had limited effects in mitigating the intensity of trade-offs between different ESs in the Fujian Province. Our study also showed that the strength of trade-offs or synergies between FP and other ESs was stronger in protection and restoration areas than in other areas (Table 4). The supply of SR and WY was often strongly influenced by precipitation [74,75]. In general, they both decreased during the study period and showed a different pattern of change before and after 2010, except in the protection areas (From 2000 to 2020, the supply of FP and CS increased, and WY and SR decreased in the Fujian Province (Table 3). The FP in each region decreased between 2000 and 2010 and increased between 2010 and 2020, with the largest changes in protected areas occurring during these two time periods. CS in the protection area decreased from 2000 to 2010 and increased in the other regions in both time periods. SR services showed an increasing and then decreasing trend in both protection and restoration areas, while they continued to decrease in other areas. The change rate was greatest in protected areas in these two time periods.



CS continued to increase over the study period. In contrast to the other services, the value in protection areas showed the smallest increase and even a decline between 2000 and 2010 (From 2000 to 2020, the supply of FP and CS increased, and WY and SR decreased in the Fujian Province (Table 3). The FP in each region decreased between 2000 and 2010 and increased between 2010 and 2020, with the largest changes in protected areas occurring during these two time periods. CS in the protection area decreased from 2000 to 2010 and increased in the other regions in both time periods. SR services showed an increasing and then decreasing trend in both protection and restoration areas, while they continued to decrease in other areas. The change rate was greatest in protected areas in these two time periods.



The following reasons might explain the CS variation. First, the background value of CS in the protection area was high and there was little space for growth. Second, the newly planted grasses or trees after the implementation of the reforestation projects had not yet grown up, and the time point chosen for this study might also be subject to some coincidence. Third, some ecological restoration projects have reduced CS services, e.g., studies on farmland in the study area showed that land consolidation enhanced SR services, but reduced CS [36]. Fourth, the time of implementation of the Shan-Shui Initiative was relatively short, and some of the ecological benefits had not yet been realized.




4.2. ESs Supply and Demand Relationships and Their Possible Impact Factors


Different ecological protection and restoration measures caused variation in ecosystem structure and patterns. These changes affected not only the capacity of ecosystems to provide services, but also the relationship between supply and demand for ecosystem services [76,77]. The balance between the supply and demand of ESs is important for the sustainable construction of ecological projects and the sustainable use of natural capital [78]. Trade-offs between different ESs types and between ESs supply and demand exist due to the limitation of natural resources and differences in the demands of different stakeholders [79,80]. In general, ESs in the Fujian Province were oversupplied, but there was great spatial heterogeneity and no areas of high-value clusters of CS supply-demand ratios (Table 6, Figure 6). Supply and demand in protection and restoration areas were more balanced than in other areas (Figure 1). The ESs provision in the protection area exceeded the demand and gradually formed high−value clustering areas for WY and SR supply-demand ratios from 2000 to 2020 (Figure 6). The high−value cluster increased in most of the subproject areas. In other areas, the low-value clusters of FP, WY, and CS service supply-demand ratios increased. Thus, ecological protection and restoration measures had positive effects on optimizing the supply-demand balance of ESs, while some subproject areas needed to further improve the effectiveness of restoration.



Integrated with the existing studies, we explored the possible influencing factors. Regarding natural impact factors, precipitation, evapotranspiration and topography mainly affected the supply of WY and SR [29,81]. In this study, the protection area was in a mountainous area with complex topography and precipitation characteristics, and its supply and demand for SR were both higher than those of other areas (Figure 2 and Figure 3). Regarding human impact factors, land use has been recognized as one of the main factors affecting ESs [21,22,82]. In study areas with limited data, the use of land use type transfer matrices to analyze changes in supply and demand for ecosystem services has become an effective and feasible method. Another important impact factor is stakeholders’ preferences [82,83,84]. For example, changes in the diet structure of people affected the supply-demand ratio for FP. Although ESs are necessary for human well-being, the actual demand for and use of services by different stakeholder groups has been less considered in typical supply and demand analyses of ecosystem services [85]. Studies on coastal cities in the Fujian Province have shown that the supply capacity of ESs is spatially low offshore and high inland. The demand for ESs showed the opposite pattern, resulting in an imbalance between supply and demand in coastal areas. This was supported by Huang et al. [56], and similar patterns exist in the overall ESs supply and demand characteristics of the Fujian Province.



Many international studies have also supported the impact of land use change and stakeholder preferences on ESs. Studies on ecological protection areas have shown that drivers related to economic factors and land use change combine to create the different ecological problems faced inside and outside ecological protection areas [28]. There is a growing need to integrate ESs into protection area management strategies, and only a comprehensive ESs assessment can identify effective strategies for ecological protection and restoration. However, stakeholders are mostly ignored or only mentioned in ESs assessments related to protection areas [86]. In complex tropical forest frontier landscapes, researchers have found that land use and tenure and the demand for specific products are key determinants of final ES outcomes. While forests have a higher regulated and overall balanced ESs, mixed agricultural lands provide subsistence and commercial products, as well as better environmental education opportunities [73]. Research on river protection and management in the south−central United States suggests that it is both possible and useful to quantify the social demand for ecosystem services in watershed management, although the number of studies that use a sociocultural perspective in ecosystem service assessment is currently limited [80].




4.3. Implications for Ecosystem Protection and Restoration


The coastal hilly areas in southeastern of China have advanced economies and high population densities, and the ecosystem is greatly affected by human activities [46,47]. The ecological protection and restoration projects that have been carried out in the Fujian Province have resulted in higher vegetation coverage and reduced soil erosion and river pollution [87]. However, the spatial heterogeneity of regional ESs supply and demand relationships was strong, and imbalances between supply and demand still existed (Figure 4, Table 4). With climate change and increasingly intense human activity, ecosystem sustainability is under increasing threat [88,89,90]. The research on ESs provided references for scientifically and rationally implementing ecological protection and restoration as well as formulating development strategies that balance ecological and socioeconomic benefits. This study proposed some recommendations for further optimizing ecological protection and restoration strategies in the Fujian Province and other similar economically developed coastal provinces.



First, the layout of ecological protection and restoration projects and the selection of measures should focus on the spatial and temporal characteristics of ESs trade−offs and their supply-demand relationships. The implementation of existing ecological restoration projects was generally 5 years. However, ESs consist of complex biophysical processes and ecosystem networks, and the recovery of ecosystem services in ecological restoration projects might be delayed and incomplete [91]. Therefore, the imbalance between supply and demand and the trade−offs between different kinds of ESs in some restored areas (Table 4, Figure 5) might only be shown in the short term, and the long-term benefits in line with ecological principles need more attention. Ecological restoration projects that focus on specific ESs might negatively affect the supply of other services. A deeper understanding of how the supply of different ESs changed at different scales and identifying their sources of variation is an important direction for future research. This was also a key challenge for ecological restoration research [92]. Therefore, the development of ecological protection and restoration strategies requires a fair trade−off between primary and other objectives.



Second, the coastal areas and some of the restoration areas needed to focus on the potential needs of different stakeholders. ESs were often multigroup oriented, whereas not all stakeholders benefit from these services [93]. Identifying differences and interactions among different interest groups and reasonably assessing their diversity of perceptions, knowledge and preferences were necessary for a fair benefits distribution [77,94,95]. According to the IUCN Global Standard, a sustainable Nature-based Solution (NbS) should be economically viable and based on an equal empowerment governance process. In this study, the change in demand for each ecosystem service was analyzed based on multivariate data, and there were more areas of low-value clusters in the supply-demand ratio for ESs in coastal areas and some restoration areas (Figure 3 and Figure 6). The possible influences were multiple; for example, changes in food demand might be due to a combination of changes in population size and changes in diet structure. There might be a difference between stakeholders’ preferences and ecosystem service demands calculated from statistical data. Stakeholders’ preferences might influence the formulation of ecological restoration and economic development strategies, which may feedback to the financial flow and policies and institutional arrangements, and thus the sustainability of ecological restoration projects.



Third, ecological protection and restoration project design should focus on both intra- and extraterritorial effects and break the limits of administrative boundaries. To facilitate the implementation of ecological restoration projects, planning boundaries usually refer to administrative boundaries. However, ecosystems are a continuum, and a growing number of scholars and policymakers are realizing the importance of planning ecological restoration projects across administrative boundaries. According to our study, the distribution of high−value and low−value clusters of ESs supply and demand was across administrative boundaries (Figure 6). This had begun to be considered in the planning and implementation of the Shan-Shui Initiative, but the division of restoration units was still influenced by administrative boundaries. In addition, since the high− and low−value clusters of the ESs supply-demand ratio did not match spatially, ecological restoration projects should also consider extraterritorial effects at different scales. The development of comprehensive ecological restoration strategies, such as ecological compensation, requires a quantitative basis.



Fourth, ecological protection and restoration should focus on multiobjective optimization. Ecological protection and restoration in economically developed coastal areas should focus on the enhancement of CS services. The choice of ecological protection and restoration measures need to avoid negative impacts on other types due to a focus on a specific ecosystem service type. China proposed a goal that the nation achieves a carbon emission peak by 2030 and carbon neutrality by 2060. Ecological construction was also increasingly focused on this. According to our study, the area of the low−value cluster area of the CS service supply–demand ratio gradually increased in the coastal economically developed regions and some subproject areas, although the value of NPP increased (Figure 6). Although the supply of CS services in protection and restoration areas exceeded the demand, the supply-demand ratio continued to decline and needed to be considered.




4.4. Limitations of This Study


The ESs demand in this study was calculated based on data such as statistical yearbooks and has not yet considered the demand preferences of different stakeholders for different ESs. Future studies will obtain the preferences of different stakeholders for analysis through questionnaires and interviews. In addition, the socioeconomic impact of ecological protection and restoration should also be taken into consideration. On the other hand, since the implementation time of the Shan−Shui Initiative was relatively short for ecosystem succession, long-term monitoring was also needed. In the future, the impact of ecological protection and restoration projects on ESs could be analyzed with the impact of specific ecological restoration measures on ecosystem structure and function, thus providing more support for sustainable ecosystem development.





5. Conclusions


Taking the Fujian Province as an example, this paper analyzed the spatial patterns, temporal changes and supply-demand relationships of FP, WY, SR and CS supply and demand in ecological protection, restoration and other areas in 2000, 2010 and 2020. In general, the supply of ESs in the Fujian Province exceeded the demand, while the spatial distribution of supply and demand varied significantly. The ESs supply-demand ratio generally showed a decreasing trend from the mountainous regions in the northwest interior to the economically developed regions on the southeast coast. The ESs relationship between supply and demand in the protection areas was better than that in the restoration areas. The areas of the high−value WY cluster in and around the protection areas gradually increased. Other regions had larger areas of low−value clusters of the supply–demand ratio, especially WY and CS. Ecological restoration projects have improved the supply and demand for some ESs, but the supply-demand ratio for CS in some subproject areas needs to be a concern.



Under the influence of climate change and human activities, it was recommended to further strengthen the protection of mountainous areas in the northwestern region and carry out systematic ecological restoration in the economically developed coastal regions in the southeast. When selecting ecological restoration measures, attention should be given to the trade−offs and supply-demand relationships between different ESs. In addition, it was necessary to consider the internal and external effects of ecological restoration measures and to consider different stakeholders, so that ecological restoration projects were sustainable in both natural and human terms. This paper provides references for decision−making regarding scientific and reasonable ecological protection and restoration projects in hilly and mountainous regions and economically developed coastal regions.
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Figure 1. The site of the research area. 
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Figure 2. Variation in the ecosystem services supply in the Fujian Province. 
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Figure 3. Variation in the ecosystem services demand in the Fujian Province. 
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Figure 4. Variation in the ecosystem services supply-demand ratio. 
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Figure 5. Variations in the ESs supply-demand ratio in different subproject areas. 
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Figure 6. The variation in hot and cold spots of the ecosystem services supply-demand ratio. 
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Table 1. The 15 Main Sub-projects in Minjiang Shan-Shui Initiative.
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	NO.
	Main Sub-Project in Minjiang Shan-Shui Initiative





	1
	Ecological Protection and Restoration Project at Futun Watershed and Abandoned Mine Comprehensive Improvement Project at Shunchang County



	2
	Water Environment Management and Regional Ecological Protection and Restoration Project at Chongyang sub-watershed and River Comprehensive Improvement and Regional Ecological Protection and Restoration Project at Nanpu watershed



	3
	Comprehensive Remediation of Abandoned Mines and Heavy Metal Contaminated Land Restoration Project at Pucheng County



	4
	Water Environment Management and Regional Biodiversity Protection Project at Songxi and Jianxi sub-watershed and the surrounding area



	6
	Ecological Protection and Restoration Project at Jinxi sub-watershed



	5
	Water Environment Management and Regional Ecological Protection and Restoration Project at Yanping Section of Minjiang River and Ecological Monitoring and Management Capacity Building Project at Nanping City



	8
	Ecological Protection and Restoration Project at Youxi sub-watershed



	9
	International Migratory Bird Migration Corridor Protection and Restoration Project in the Mingxi Section of the Shaxi sub-watershed



	7
	Ecological Protection and Restoration Project at Shaxi sub-watershed; Abandoned mine environment restoration and geological disaster prevention and control project; and Ecological Monitoring and Management Capacity Building Project at Sanming city



	10
	Water Source Protection and Regional Ecological Protection and Restoration Project at upstream of Shaxi sub-watershed



	11
	Water Environment Management and Regional Ecological Protection and Restoration Project at Gutianxi sub-watershed



	12
	Water Environment Management and Regional Ecological Protection and Restoration Project Dazhangxi sub-watershed



	13
	Water Environment Management and Regional Ecological Protection and Restoration Project Meixi sub-watershed



	14
	Water Environment Management and Wetland Protection Project at Changle section of Minjiang river



	15
	Water Environment Management and Wetland Protection Project at Houle section of Minjiang river
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Table 2. The hot/cold spots confidence level.
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	Hot/Cold Spot Level
	z-Score
	p-Value





	Extremely significant hot spots
	>2.58
	<0.01



	Significant hot spots
	1.96–2.58
	<0.05



	Hot spots
	1.65–1.96
	<0.10



	Inconspicuous regions
	−1.65–1.65
	-



	Cold spots
	−1.96–1.65
	<0.10



	Significant cold spots
	−2.58–1.96
	<0.05



	Extremely significant cold spots
	<2.58
	<0.01
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Table 3. The ecosystem services supply mean values in different areas and their variation rate.
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Area

	
2000

	
2010

	
2020

	
VR2000-2010 (%)

	
VR2010-2020

	
VR2000-2020






	
FP supply (t)




	
Total

	
178.18

	
169.81

	
186.52

	
−4.70%

	
9.84%

	
4.47%




	
OM

	
206.01

	
195.23

	
206.80

	
−5.23%

	
5.93%

	
0.38%




	
MJ

	
146.97

	
141.30

	
163.76

	
−3.86%

	
15.90%

	
10.25%




	
WYS

	
94.16

	
83.28

	
100.83

	
−11.56%

	
21.08%

	
6.62%




	
WY supply (mm)




	
Total

	
778.41

	
830.33

	
329.07

	
25.76%

	
−51.89%

	
−65.27%




	
OM

	
784.67

	
986.79

	
474.79

	
6.67%

	
−60.37%

	
−136.55%




	
MJ

	
791.70

	
1162.27

	
638.24

	
46.81%

	
−45.09%

	
−24.04%




	
WYS

	
923.80

	
1663.20

	
1024.47

	
80.04%

	
−38.40%

	
9.83%




	
CS supply (t)




	
Total

	
877.27

	
896.58

	
995.34

	
2.20%

	
11.02%

	
11.86%




	
OM

	
849.97

	
873.31

	
977.90

	
2.75%

	
11.98%

	
13.08%




	
MJ

	
907.89

	
922.68

	
1014.91

	
1.63%

	
9.99%

	
10.54%




	
WYS

	
926.79

	
903.84

	
954.89

	
−2.48%

	
5.65%

	
2.94%




	
SR supply (t·ha·hr/MJ/ha/mm)




	
Total

	
24,332.42

	
27,565.26

	
17,763.13

	
13.29%

	
−35.56%

	
−36.98%




	
OM

	
23,988.00

	
21,808.99

	
13,599.52

	
−9.08%

	
−37.64%

	
−76.39%




	
MJ

	
24,716.97

	
33,992.29

	
22,411.75

	
37.53%

	
−34.07%

	
−10.29%




	
WYS

	
39,871.96

	
69,773.56

	
41,362.85

	
74.99%

	
−40.72%

	
3.60%








Note: Total represents the whole Fujian area; OM represents areas outside the Minjiang Shan-Shui Initiative Project (the other areas); MJ represents the Minjiang Shan-Shui Initiative Project areas (the restoration area); WYS represents the Wuyi mountain national nature reserves and their surroundings (the protection area); and VR represents the variation rate.
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Table 4. Variations in the relationships between different ESs supplies.
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	Year
	FP & WY
	FP & SR
	FP & CS
	WY & SR
	WY & CSW
	CS & SR





	Total
	2000
	0.31 **
	−0.16 **
	−0.18 **
	−0.07 **
	−0.24 **
	0.42 **



	
	2010
	0.08 **
	−0.17 **
	−0.13 **
	0.35 **
	−0.04 **
	0.36 **



	
	2020
	0.05 **
	−0.15 **
	−0.06 **
	0.37 **
	−0.05 **
	0.30 **



	OM
	2000
	0.27 **
	−0.16 **
	−0.17 **
	−0.13 **
	−0.31 **
	0.45 **



	
	2010
	0.11 **
	−0.15 **
	−0.11 **
	0.15 **
	−0.13 **
	0.44 **



	
	2020
	0.01
	−0.13 **
	−0.05 **
	0.29 **
	−0.07 **
	0.38 **



	MJ
	2000
	0.37 **
	−0.17 **
	−0.19 **
	0.01 *
	−0.11 **
	0.37 **



	
	2010
	0.20 **
	−0.17 **
	−0.17 **
	0.31 **
	−0.06 **
	0.31 **



	
	2020
	0.22 **
	−0.15 **
	−0.08 **
	0.21 **
	−0.15 **
	0.24 **



	WYS
	2000
	0.21 **
	−0.23 **
	−0.35 **
	0.33 **
	0.23 **
	0.47 **



	
	2010
	0.18 **
	−0.20 **
	−0.25 **
	0.40 **
	0.08 *
	0.328 **



	
	2020
	0.19 **
	−0.22 **
	−0.12 **
	0.29 **
	−0.03
	0.13 **







Notes: ** Significant correlation at the 0.01 level (2-tailed); * Significant correlation at the 0.05 level (2-tailed); Total represents the whole Fujian area; OM represents areas outside the Minjiang Shan-Shui Initiative Project (the other areas); MJ represents the Minjiang Shan-Shui Initiative Project areas (the restoration area); WYS represents the Wuyi mountain national nature reserves and their surroundings (the protection area); FP, WY, SR and CS represent the food production, water yield, soil retention and carbon sequestration supply, respectively; a positive value indicates a synergistic relationship, while a negative value indicates a trade-off relationship.
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Table 5. The ecosystem services’ demand mean values in different areas and their variation rate.
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Location

	
2000

	
2010

	
2020

	
VR2000-2010

	
VR2010-2020

	
VR2000-2020






	
FP demand (t)




	
Total

	
72.42

	
62.72

	
65.00

	
−13.39%

	
3.64%

	
−11.40%




	
OM

	
103.27

	
92.49

	
99.05

	
−10.44%

	
7.09%

	
−4.26%




	
MJ

	
38.08

	
29.50

	
26.88

	
−22.53%

	
−8.87%

	
−41.64%




	
WYS

	
10.49

	
5.98

	
8.04

	
−42.94%

	
34.40%

	
−30.41%




	
WY demand (mm)




	
Total

	
140.01

	
160.62

	
140.30

	
14.72%

	
−12.65%

	
0.21%




	
OM

	
188.59

	
230.98

	
189.29

	
22.48%

	
−18.05%

	
0.37%




	
MJ

	
86.07

	
82.33

	
85.61

	
−4.34%

	
3.98%

	
−0.54%




	
WYS

	
49.78

	
39.72

	
46.82

	
−20.21%

	
17.87%

	
−6.33%




	
CS demand (t)




	
Total

	
479.54

	
1194.56

	
1554.68

	
149.11%

	
30.15%

	
69.16%




	
OM

	
733.94

	
1751.45

	
2271.15

	
138.64%

	
29.67%

	
67.68%




	
MJ

	
194.34

	
570.25

	
751.47

	
193.43%

	
31.78%

	
74.14%




	
WYS

	
103.09

	
482.24

	
388.24

	
367.80%

	
−19.49%

	
73.45%




	
SR demand (t·ha·hr/MJ/ha/mm)




	
Total

	
1112.46

	
1352.01

	
306.91

	
21.53%

	
−77.30%

	
−262.47%




	
OM

	
1106.26

	
983.83

	
241.24

	
−11.07%

	
−75.48%

	
−358.58%




	
MJ

	
1119.37

	
1763.09

	
380.23

	
57.51%

	
−78.43%

	
−194.39%




	
WYS

	
1355.77

	
3558.49

	
735.13

	
162.47%

	
−79.34%

	
−84.43%








Note: Total represents the whole Fujian area; OM represents areas outside the Minjiang Shan-Shui Initiative Project (the other areas); MJ represents the Minjiang Shan-Shui Initiative Project areas (the restoration area); WYS represents the Wuyi mountain national nature reserves and their surroundings (the protection area); FP, WY, SR and CS represent the food production, water yield, soil retention and carbon sequestration supply, respectively; and VR represents the variation rate.
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Table 6. The mean values of ecosystem services supply-demand ratios.
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FP

	
SR

	
CS

	
WY




	

	
2000

	
2010

	
2020

	
2000

	
2010

	
2020

	
2000

	
2010

	
2020

	
2000

	
2010

	
2020






	
Total

	
0.01

	
0.01

	
0.02

	
0.11

	
0.11

	
0.12

	
0.07

	
−0.03

	
−0.06

	
0.14

	
0.13

	
0.06




	
OM

	
0.01

	
0.01

	
0.01

	
0.11

	
0.08

	
0.10

	
0.02

	
−0.09

	
−0.14

	
0.13

	
0.10

	
0.03




	
MJ

	
0.01

	
0.01

	
0.02

	
0.11

	
0.13

	
0.16

	
0.13

	
0.04

	
0.03

	
0.16

	
0.18

	
0.10




	
WYS

	
0.01

	
0.01

	
0.01

	
0.18

	
0.27

	
0.29

	
0.15

	
0.04

	
0.06

	
0.19

	
0.26

	
0.18








Note: Total represents the whole Fujian area; OM represents areas outside the Minjiang Shan-Shui Initiative Project (the other areas); MJ represents the Minjiang Shan-Shui Initiative Project areas (the restoration area); WYS represents the Wuyi mountain national nature reserves and their surroundings (the protection area); FP, WY, SR and CS represent the food production, water yield, soil retention and carbon sequestration supply, respectively; and VR represents the variation rate.
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