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Trade-offs between eco-environment protection and socioeconomic development hinder the success of sustainable development goals (SDGs). Solutions based on ecosystem services (ESs) provide the co-benefits and pathways for fulfilling the SDGs. However, assessing the progress towards SDGs based on the contribution of ESs to SDGs is lacking. Here we assessed the spatial-temporal changes of ecosystem service values (ESV) and the SDG scores in the Beijing-Tianjin-Hebei region (BTH) over the past 20 years using “ES-SDG linkages.” The total ESV and ES-SDG Index score in the BTH showed a spatial pattern of high values in the northern plateau and low values in the southern plain. The total ESV increased from 25,335 yuan ha−1 in 2000 to 27,344 yuan ha−1 in 2020, mainly attributed to water provision and water regulation. The decrease of cropland, grassland, and wetland in the BTH between 2000 and 2010 caused a decrease in the value of nine ESs, whereas the increase of forestland, waterbodies and wetland between 2010 and 2020 contributed to an increase in the value of seven ESs. The ES-SDG Index score decreased slightly from 36.8 in 2000 to 35.5 in 2010, and then increased to 36.0 in 2020 due to the control of rapid urbanization and strengthen of ecological restoration. Our study indicates that the changes of ES-SDG Index score mainly depended on food provision, water provision, climate regulation, nutrient cycling, habitat & biodiversity, and cultural services. The assessment of SDGs suggests that SDG6, SDG11, and SDG12 should be prioritized to advance the synergistic development of SDGs in the BTH, which will also enhance the understanding of stakeholders about the progress of achieving SDGs.
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1 INTRODUCTION
Ecosystem services (ESs) are the foundation of human well-being and sustainable development (Costanza et al., 2016; Geijzendorffer et al., 2017; Wood et al., 2018). The interactions among ESs, human well-being, and sustainable development have become one of the core issues in sustainability science (Wu, 2013; Guerry et al., 2015; Fu, 2020). Since 17 sustainable development goals (SDGs) and 169 targets incorporating economic, social, and environmental dimensions of sustainability were proposed by the United Nations in 2015, most countries have made considerable progress towards achieving those SDGs, especially in terms of the elements of socioeconomic development (Sachs et al., 2021). However, much progress made in socioeconomic development was based on the unsustainable exploitation of nature. Approximately 60% of ESs have been degraded globally (MA, 2005). Fourteen of the 18 categories of nature’s contributions to people (NCP) have declined (IPBES, 2019). Biodiversity loss and ecosystem fragmentation have threatened the realization of 80% of the SDG targets (UNEP, 2021). Despite human activities having created substantial wealth by exploiting ecosystems intensively, it is difficult to compensate for the lost benefits caused by eco-environment deterioration (Wood et al., 2018; Yin et al., 2021). Achieving the SDGs was hindered by trade-offs between eco-environmental protection and human well-being (Yang et al., 2020).
Numerous studies have quantitatively evaluated the performance of SDGs through environmental and socioeconomic indicators (Schmidt-Traub et al., 2017; Xu et al., 2020; Huan et al., 2021; Zhang et al., 2022b). However, ES indicators were rarely considered in SDG assessment (Cochran et al., 2020; Pires et al., 2021). ES-based solutions with comprehensive consideration of land management, ecological restoration, and human well-being can offer co-benefits and pathways for the fulfillment of the SDGs (Keesstra et al., 2018; Johnson et al., 2019; Yang et al., 2020; Liu et al., 2022). Existing studies have linked ESs with SDGs systematically mainly through expert survey and network analysis. A science-policy tool using a Delphi process was developed to prioritize NCP-SDG bundles (Anderson et al., 2019). Online surveys that gather expert views on the importance of ESs to achieving the SDGs were conducted to evaluate the strengths of the SDG-ES relations (Wood et al., 2018; Yang et al., 2020). Network analysis was used to unravel the relationship between cryosphere services and SDGs based on the chain of causal effects and cascading effects (Zhang et al., 2022a). Additionally, bibliometric network analysis was also applied to explore the connections between ESs and SDGs (Hawken et al., 2021).
Twelve SDGs and 41 targets were identified to be closely related to 16 ESs (Wood et al., 2018). Food provision, water provision, carbon storage, and habitat & biodiversity were recognized as critical services contributing to >14 SDG targets, especially in SDG6 (Clean Water and Sanitation), SDG13 (Climate Action), SDG14 (Life Below Water), and SDG15 (Life on Land) (Wood et al., 2018; Yang et al., 2020). Water provision, water regulation, climate regulation and research & education among the cryosphere services were found to have strong contributions to SDG1 (No Poverty), SDG 2 (Zero Hunger), SDG 6 (Clean Water), SDG11 (Sustainable Cities and Communities), SDG12 (Responsible Production and Consumption) and SDG15 (Life on Land) (Zhang et al., 2022a). Different types of ESs contribute different amounts to SDGs. Even a single ES may benefit multiple SDGs, e.g. soil conservation is perceived to benefit SDG6 (Clean Water and Sanitation), SDG13 (Climate Action), and SDG15 (Life on Land) (Yin et al., 2022). Improved food provision contributed to SDG1 (No Poverty), SDG2 (Zero Hunger), and SDG13 (Climate Action), whereas, under scenarios tested in the Volta basin, losses in other ESs such as erosion control had negative consequences toward SDG15 (Life on Land), SDG6 (Clean Water), and SDG3 (Good Health) (Johnson et al., 2019). These all showed strong linkages between ESs and SDGs. However, few studies have assessed the progress of SDGs through the ES-SDG linkages. Therefore, it is vital to integrate ESs into the assessment of SDGs in order to identify critical ESs and SDGs for decision-making.
The Beijing-Tianjin-Hebei region (BTH) is one of the most developed areas in Northern China (Zhou et al., 2018). Socioeconomic development progressed considerably in the BTH over recent decades. The proportion of urban population has grown from 39% to 69%, the area of construction land has grown 57%, and GDP has grown 8-fold between 2000 and 2020 (National Bureau of Statistics of China, 2001; National Bureau of Statistics of China, 2021). However, environmental problems such as sandstorms, air pollution, water pollution, and soil erosion have also placed considerable pressure on the BTH (Yang et al., 2019b). Eco-environment protection has been strengthened since 2010. The rate of land urbanization has been controlled (Tian et al., 2020). Previous studies found that some important ESs such as sandstorm prevention and water retention have been improved in the BTH, and the SDG Index score continuously increased over this period (Ouyang et al., 2016; Wang et al., 2019; Xu et al., 2020). However, how the changes in ESV affect the achievement of SDGs in the BTH is still unclear. Here we analyzed the spatial-temporal changes of the value of 11 ESs and the ESV in the BTH at the county level from 2000 to 2020. Twelve SDG and ES-SDG Index scores were assessed based on the “ES-SDG linkages” (Wood et al., 2018). Critical ESs and SDGs were identified to inform land-use management and sustainable development in the BTH and other regions.
2 MATERIALS AND METHODS
2.1 Study Area
BTH is located in northeastern China between 36°05′–42°40′N and 113°27′–119°50′E (Figure 1). It comprises 13 cities and covers an area of about 218,000 km2. BTH has a population of 110.37 million and a gross domestic product (GDP) of 8,639.32 billion yuan, accounting for 7.8% and 8.5% of the total Chinese population and GDP, respectively, in 2020. The geographical elevation descends from the northwest to the southeast. A variety of ecosystem types can be found in the BTH. Forestland and grassland, accounting for 21% and 16% of the total land area of BTH, respectively, are mainly distributed in the north and west where there is the Bashang Plateau, and the Yanshan and Taihang Mountains. The southeast is a wide plain where cropland (46%) predominates, whereas water areas and wetlands (4%) are mainly distributed in the alluvial coastal plain near the Bohai Sea. The study area was determined to be 153 counties (districts) excluding municipal district in the BTH.
[image: Figure 1]FIGURE 1 | Location of the Beijing-Tianjin-Hebei region. (A) Administrative boundary and elevation. (B) Land use type in 2020.
2.2 Quantifying and Mapping ESV
Many studies have been performed on the evaluation of ESV (Costanza et al., 1997; de Groot et al., 2012; Gashaw et al., 2018). The equivalent factor method (Xie et al., 2003; Xie et al., 2017), based on a survey of 500 Chinese ecological experts, is widely used in ESV evaluations in China (Jiang et al., 2021). The method classifies ESs into 11 types: food provision (FP), raw material (RM), water provision (WP), air quality regulation (AQR), climate regulation (CR), waste treatment (WT), water regulation (WR), erosion prevention (EP), nutrient cycling (NC), habitat & biodiversity (HB), and cultural services (CS). The economic value of the standard equivalent factor for ESV is equal to 1/7th of the market value of national average food crops output per unit area (Hu et al., 2021). The area, yield, and price of the crops in 2020 were selected to calculate the economic value of the standard equivalent factor. The equation is as follows:
[image: image]
where VC0 is the economic value of the standard equivalent factor for ESV per unit area, n is the different crops (rice, wheat, and corn), pi is the yield of different crops, qi is the price of different crops, and m is the total area of all crops.
The calculation result of VC0 in the BTH was 2406.5 yuan ha−1. The value of individual ESs and the total ESV were calculated based on the following equation and mapped using ArcGIS10.7.
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where AESVf and AESV refer to the value of ES type “f” and the total ESV per unit area, Ak is the area for the land-use “k,” ECfk is the equivalent coefficient for land-use “k” and ES type “f,” and S is the total land-use area. Given the different land-use types in the BTH, the equivalent coefficients for each ESV per unit area were listed in Table 1 (Xie et al., 2017).
TABLE 1 | The equivalent coefficients for ecosystem service value per unit area in the Beijing-Tianjin-Hebei region.
[image: Table 1]2.3 Scoring ES-SDG Index
The ESV were standardized on a scale of 0–100 using min-max normalization.
[image: image]
Referring to the results of an expert survey on the contributions of 16 ESs to 44 targets across 12 SDGs conducted by Wood et al., 2018, we revised the contribution of 11 ESs to 12 SDGs: SDG1 (No Poverty), SDG2 (Zero Hunger), SDG3 (Good Health and Well-Being), SDG6 (Clean Water and Sanitation), SDG7 (Affordable and Clean Energy), SDG8 (Decent Work and Economic Growth), SDG9 (Industry, Innovation and Infrastructure), SDG11 (Sustainable Cities and Communities), SDG12 (Responsible Production and Consumption), SDG13 (Climate Action), SDG14 (Life Below Water), SDG15 (Life on Land) (Figure 2). SDG4 (Quality Education), SDG5 (Gender Equity), SDG10 (Reduced inequalities), SDG16 (Peace, justice and strong institution), SDG17 (Partnerships for the goals) and the other 125 targets were excluded since there was no clear environmental connection. Based on the “ES-SDG linkages”, the SDG score was calculated as follows (Chen et al., 2022):
[image: image]
where SDGj is the SDG j score, Tf, j is the number of ES-SDG target linkages under the SDG j, and xf and yj are the weights of ESj and targets within the SDG j, respectively. In assuming that every ES and target has the same priority within each SDG, x and y were set to 1. For example, there were three targets (1.1, 1.2, and 1.5) under SDG1, which were strongly supported by the five ESs (food provision, raw materials, water provision, habitat & biodiversity, and cultural services) (Figure 2). Consequently, the SDG1 score could be expressed as [(ESfood provision × 3) + (ESraw materials × 3) + (ESwater provision × 3) + (EShabitat & biodiversity × 3) + (EScultural services × 3)]/(3 + 3 + 3 + 3 + 3).
[image: Figure 2]FIGURE 2 | ES-SDG linkages (modified from Wood et al., 2018).
The integrated ES-SDG Index score was calculated as follows:
[image: image]
where m is the number of all evaluated SDGs.
2.4 Data Resources
Land-use data in 2000, 2010, and 2020 with a resolution of 30 m were obtained from the Resource and Environmental Science and Data Center of the Chinese Academy of Sciences (https://www.resdc.cn/). It was generated by manual visual interpretation from Landsat TM remote sensing images. The crop areas and crop yields were collected from the China Statistical Yearbook. The crop prices were collected from the Ministry of Agriculture and Rural Affairs of China (http://www.moa.gov.cn/).
3 RESULTS
3.1 Changes of Land Use
The land use of the BTH changed dramatically in terms of the cropland and construction land from 2000 to 2020 (Figure 3). Cropland decreased the most (7,775 km2), followed by grassland (1,323 km2) and wetland (1,143 km2). Construction land increased the most (8,058 km2), followed by water (1,927 km2) and forestland (765 km2). However, the construction land increased much less in the 2010s than 2000s. The decrease of cropland and grassland also slowed in the 2010s. The wetland increased from 2010 to 2020.
[image: Figure 3]FIGURE 3 | Land use changes between 2000 and 2020 in the Beijing-Tianjin-Hebei region.
3.2 Spatial-Temporal Changes of ESV
3.2.1 Spatial-Temporal Changes of Individual ESV
The value of 11 ESs in the BTH showed different spatial variation (Figure 4). WR had the largest ESV in the BTH among the 11 ESs, followed by CR and EP, whereas the WP and NC had low ESV. The high-value areas of FP were concentrated in the southeastern BTH and the northwest of Zhangjiakou with dense cropland. The high-value areas of WP and WR were distributed in the eastern and northern BTH with large waters and wetlands. The high-value areas of the other eight ESs such as CR, EP, and HB were gathered in the north and western BTH with abundant forestland.
[image: Figure 4]FIGURE 4 | Spatial patterns of the individual ecosystem service values in the Beijing-Tianjin-Hebei region.
The value of four ESs increased, whereas the value of seven ESs decreased from 2000 to 2020 (Figure 5). The value of WP, WR, WT, and CR increased by 56.86%, 24.59%, 4.94%, and 0.55%, respectively. The value of FP, RM, AQR, and NC have continuously declined between 2000 and 2020, with decreased rates of 6.51%, 2.23%, 3.00%, and 4.56%, respectively. During 2000–2020, the Bohai Rim of the eastern BTH and Yanshan Mountain of the northern BTH improved the value of WT and WR significantly, whereas the southeastern BTH, especially the suburbs of Baoding, Shijiazhuang, and Handan decreased the value of FP, RM, and NC significantly. Additionally, the value of AQR in the suburbs of Beijing and Tianjin decreased (Figure 4).
[image: Figure 5]FIGURE 5 | Temporal changes in individual ecosystem service values in the Beijing-Tianjin-Hebei region.
3.2.2 Spatial-Temporal Changes of the Total ESV
The high-value areas of the total ESV in the BTH were mainly found in Yanshan Mountain, Bashang Plateau, and Bohai Rim plain, where there were rich forests or wetlands, whereas low-value areas were distributed in the southern plain where most areas were cropland (Figure 6). 53% of counties increased the ESV notably from 2000 to 2020, especially counties in the Bohai Rim region. In contrast, some counties in the northwestern mountains such as Zhangjiakou and on the southern plain such as Hengshui experienced a decreased ESV. The Shenze county of Shijiazhuang had the maximum decline, of 37%. The ESV in different areas showed different changes between the 2 decades. The ESV in most areas of the BTH decreased from 2000 to 2010, especially the southern plain and suburbs of big cities, whereas the ESV in the southern plain and central BTH increased from 2010 to 2020. However, the northern plateau experienced a decreased ESV between 2010 and 2020. Overall, the total ESV of the BTH increased from 25,335 yuan ha−1 in 2000 to 27,344 yuan ha−1 in 2020, representing a growth of 7.93%.
[image: Figure 6]FIGURE 6 | Spatial-temporal changes in total ecosystem service values in the Beijing-Tianjin-Hebei region.
3.3 Spatial-Temporal Changes of ES-SDG Index Scores
3.3.1 Spatial-Temporal Changes of Individual SDG Scores
The scores of 11 SDGs (excluding SDG12) in the BTH showed a similar spatial pattern of high in the north and western mountains and low in the south (Figure 7). SDG1, SDG12, and SDG15 had the best performance in the BTH, whereas SDG6 and SDG11 performed poorly. The individual SDG scores in most of the counties in the southern BTH decreased from 2000 to 2010, whereas 30 counties, mainly located in Beijing, Shijiazhuang, Xingtai and Baoding increased all individual SDG scores from 2010 to 2020.
[image: Figure 7]FIGURE 7 | Spatial patterns of individual SDG scores in the Beijing-Tianjin-Hebei region.
SDG7, SDG9, and SDG11 scores increased, whereas the other eight SDG scores, especially SDG12, SDG8, and SDG14, decreased between 2000 and 2020 (Figure 8). The SDG7 score increased steadily and SDG12 score decreased continuously from 2000 to 2020. Ten SDG scores showed a trend of decline between 2000 and 2010 and a rise between 2010 and 2020 in the BTH.
[image: Figure 8]FIGURE 8 | Temporal changes in individual SDG scores in the Beijing-Tianjin-Hebei region.
3.3.2 Spatial-Temporal Changes of ES-SDG Index Scores
The ES-SDG Index score of counties in the northern plateau were high and the counties in the southern plain were low (Figure 9). The ES-SDG Index score of the entire BTH decreased slightly from 36.8 in 2000 to 35.5 in 2010, and then increased to 36.0 in 2020. 84% of counties exhibited a decrease in the ES-SDG Index score between 2000 and 2020. The areas that declined most notably were mainly found in the suburbs of big cities, of which Daxing District of Beijing declined the most (48.7%). Conversely, the counties near the Bohai Sea increased their ES-SDG Index scores substantially, with Caofeidian District increasing the most (86.7%). ES-SDG Index scores in most of the BTH decreased from 2000 to 2010, whereas 50% of counties, especially counties in Beijing, Baoding, Shijiazhuang, and Tangshan increased from 2010 to 2020.
[image: Figure 9]FIGURE 9 | Spatial-temporal changes in ES-SDG Index scores in the Beijing-Tianjin-Hebei region.
4 DISCUSSION
4.1 Impacts of Land Use Change on ESV and ES-SDG Index Scores
Land use change alters the ESV and ES-SDG Index scores through the cascade process of “structure-process-function-service-sustainability” (Chen et al., 2022). The decrease of cropland, grassland, and wetland in the BTH between 2000 and 2010 caused a decrease in the value of nine ESs, such as food provision, air quality regulation and nutrient cycling, whereas the increase of forestland, waterbodies and wetland between 2010 and 2020 contributed to an increase in the value of seven ESs, such as water provision, water regulation, waste treatment, and climate regulation. Although the value of seven ESs declined between 2000 and 2020, the total ESV of the BTH increased by 7.93% due to the increase in waterbodies and forestland that have very high equivalent coefficients (Zhang et al., 2015; Xie et al., 2017).
The ES-SDG Index score in the BTH showed a downward trend between 2000 and 2010 and an upward trend between 2010 and 2020, attributed to the urbanization and eco-environment protection policies. Rapid urbanization led to a large amount of cropland being converted to construction land, which resulted in the continuous decline of the value of food provision (Zhou et al., 2018; Wang et al., 2019). Expansion of construction land was controlled from 2010 for “New-Type Urbanization” (Zhao et al., 2018). Forestland and waterbodies were continuously expanded as a result of the implementation of the “Grain to Green Program” and “Beijing-Tianjin Sandstorm Source Control Project” since 2000 in the BTH (Bryan et al., 2018; Yang et al., 2019b). Increase of climate regulation, waste treatment, and erosion prevention were also found in another study in the BTH for growth of forestland (Tian et al., 2020). Water provision, waste treatment, and water regulation increased notably in the coastal areas due to wetland conservation and conversion of paddy fields to dry land (Ma et al., 2019; Zhang et al., 2019). Meanwhile, the restoration of forestland and waterbodies in rural areas has rapidly increased the ESV, offsetting the reduction of ESV caused by the expansion of urban construction land (Zhou et al., 2018).
Except for the improvement of SDG7, SDG9, and SDG11 scores between 2000 and 2020, the remaining 9 SDG scores declined, of which SDG8, SDG12, and SDG14 declined the most. According to “ES-SDG linkages,” water provision and climate regulation made strong contributions to SDG7, SDG9, and SDG11. Therefore, the increasing value of water provision and climate regulation in the BTH contributed to the improvement of SDG7, SDG9, and SDG11. Food provision, nutrient cycling, habitat & biodiversity, and cultural services made strong contributions to SDG8, SDG12, and SDG14. Therefore, the decrease of food provision, nutrient cycling, habitat & biodiversity, and cultural services caused the decrease of SDG8, SDG12 and SDG14. Overall, the changes of individual SDG and ES-SDG Index scores in the BTH was mainly due to food provision, water provision, climate regulation, nutrient cycling, habitat & biodiversity, and cultural services. The study in the Yangtze River Economic Belt also showed that the increase of SDG Index score was mainly attributed to the improvement of food and water provision (Chen et al., 2022).
4.2 Implications for Sustainable Development Management
ESs directly affected the performance of SDGs in the BTH. The trade-offs between provisioning services and regulating services, and the synergies between regulating services and supporting services, indicated that sound land-use management is required to enhance the synergies among multiple ESs (Yang et al., 2019a; Shen et al., 2020). Although the total ESV in the BTH increased from 2000 to 2020, seven of 11 ESs still decreased and 47% of areas experienced a decline in their ESV, especially the value of food provision and nutrient cycling in the southern plain and suburbs of big cities. Urbanization provides a driving force for socioeconomic development. However, it may have negative impacts on the realization of SDGs by occupying prime cropland and destroying ecological land (Zhang D. et al., 2017; Qiu et al., 2021). It is necessary to control the disorderly expansion of construction land. Land consolidation can release cropland for large-scale farming and promote food production in the southern BTH (Duan et al., 2021; Wang et al., 2021). The northern plateau and western mountains are important ecological barriers in the BTH which also achieved high scores in SDGs. However, the ESV of the north and west decreased from 2010 to 2020. Ecosystem conservation and restoration in the Yanshan-Taihang Mountains and Bashang Plateau should be strengthened through gross ecosystem product (GEP) accounting and transregional compensation payment for ecosystem services (Zhang L. et al., 2017; Ouyang et al., 2020). Additionally, lessons can learned from the “Paddy Land-to-Dry Land” program successfully conducted in Miyun Reservoir Watershed, Beijing to protect water quantity and quality in the BTH (Zheng et al., 2013).
The big cities such as Beijing have boosted its economy at the overuse of ESs and greatly increased demand for food, water and energy (Cumming et al., 2014). Advanced technologies and cleaner production facilities need to be deployed to improve water and nutrient use efficiency for SDG6 implementation (Wang et al., 2022). It is suggested to raise investment in ecological infrastructure, such as rehabilitating wetlands, to resist natural disasters and reduce environmental pollution for SDG11 implementation (Cumming et al., 2017). The score of SDG7 has increased steadily whereas the score of SDG12 has decreased continuously over the past 20 years, which was consistent with the findings at the provincial level in China (Zhang et al., 2022b). SDG6, SDG11, and SDG12 should be prioritized to advance the synergistic development of SDGs in the BTH.
4.3 Limitations
This study attempts to integrate ESs into SDGs assessment. However, the equivalent factor method based on land-use structure to quantify ESs has certain limitations due to the dynamic and complex nature of ecosystems (Zhang et al., 2020). Furthermore, the ES-SDG Index score based on the environmental indicators cannot fully reflect the progress of SDGs, especially in terms of socioeconomics.
5 CONCLUSIONS
Progress towards the SDGs was evaluated based on the “ES-SDG linkages” to detect the impact of ES change on SDGs in the BTH between 2000 and 2020. The total ESV and ES-SDG Index score in the BTH showed a spatial pattern of high in the north and western mountains, and low in the south. The total ESV increased from 25,335 yuan ha−1 in 2000 to 27,344 yuan ha−1 in 2020, and the improvement of ESV was mainly attributed to water provision and water regulation. However, the ES-SDG Index score decreased slightly from 36.8 in 2000 to 35.5 in 2010, and increased to 36.0 in 2020. Both ESV and ES-SDG Index scores showed obvious stage differences. In most counties, the ESV and ES-SDG Index scores decreased in the first 10 years and increased in the latter 10 years due to the phased differences in BTH’s urbanization and environmental protection policies. SDG1, SDG12, and SDG15 had the best performance, whereas SDG6 and SDG11 performed poorly. Ten SDG scores showed a trend of decline between 2000 and 2010 and a rise between 2000 and 2020 in the BTH. SDG7 scores increased steadily, attributed to the increase of water provision and climate regulation, whereas the SDG12 score declined continuously, attributed to the decrease of food provision and nutrient cycling. Our study indicated that regulating services are the core function of ESs in the BTH, and the changes of SDG and ES-SDG Index scores mainly depended on food provision, water provision, climate regulation, nutrient cycling, habitat & biodiversity, and cultural services. The assessment of SDGs suggests that SDG6, SDG11, and SDG12 should be prioritized to advance the synergistic development of SDGs in the BTH.
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