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Urban agglomeration is the highest stage of urban development, which reasonable planning will be conducive to the rapid and healthy development of the regional economy. However, in recent years, unreasonable urban agglomeration planning has changed landscape patterns and brought huge challenges to ecosystem services. Moreover, there is currently a lack of understanding of the relationship between landscape patterns and ecosystem services, especially in the process of urban agglomeration construction. In this study, we attempt to reveal the impact of landscape patterns on ecosystem services value (ESV) based on many years of remote sensing data in the Central Plains Urban Agglomeration (CPUA). The results show that landscape patterns have significant spatiotemporal evolution characteristics, and there are significant differences between different landscape patterns in the CPUA. Moreover, most of landscape patterns show significant east-west differences. Total ESV has decreased from USD 838.53 million in 2000 to USD 792.32 million in 2018. From a spatial perspective, the areas with high ESV are mostly distributed in the western mountainous and southern hilly areas, but low ESV area are mainly concentrated in the central and northern plains. In addition, the results of model analysis reveal that there is a remarkable positive correlation between ESV and patch density, interspersion juxtaposition index, cohesion index, and splitting index, but a remarkable negative correlation between ESV and total edge. These results provide critical guidance and suggestions for the improvement of future urban agglomeration construction.
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1 INTRODUCTION
Terrestrial ecosystem provides essential food, water, and materials for human production and life, and is crucial for maintaining the normal operation of all life systems on Earth (Xue et al., 2023). Terrestrial ecosystem not only provides the necessary material foundation for human production and life, but also serves as the fundamental unit of material circulation and energy flow in nature (Costanza et al., 1997; Daily, 1997). However, the intensifying human activities have brought many negative impacts on ecosystem, such as soil erosion, water pollution, and decreased biodiversity. Especially in densely populated areas, the impact of human activities (such as urbanization) on ecosystems is more complex. Therefore, quantitative analysis of ecosystem services and assessment of human activity intensity, as well as determination of regional ecosystem security, are of great significance for sustainable development.
Ecosystem services relate to the benefits that human beings derive from various processes and functions of an ecosystem, which has attracted the attention of many ecologists and economists (Costanza et al., 1997; Chen et al., 2021; Wei et al., 2023). Ecosystem services not only have important environmental value, but are closely related to human health (Costanza et al., 1997; Xie et al., 2015). As a bridge between human beings and nature, assessing ecosystem services is critical to understanding the relationship between human wellbeing and ecosystems and then implementing in a mutually beneficial manner. Therefore, ecosystem services are important because they not only provide benefits for individual utility and economic development but also serve as a link between human beings and nature.
Urbanization, in which natural and seminatural land-use types will be significantly transformed into urban land use types (such as, commercial lands, industrial production, and residential) is an inexorable trend in the 21st century, especially in China (Chen et al., 2023a). In the past 40 years, there has been undergoing an astonishing development process of cities in China, during which the level of national urbanization rose from 17.9% to 65.22% from 1978 to 2022. The increase in urbanization will inevitably lead to the expansion of urban, thereby largely driving changes in land use/cover type and landscape, and affecting ecosystem services and the ecological environment (Wang et al., 2019; Chen et al., 2023a). Another result of urban expansion is the increasingly close cooperation between neighboring urban, especially those that were originally closer together. In order to further enhance coordinate regional development, the country has carried out urban agglomeration construction (Fang et al., 2005). Many studies have concentrated on the temporal and spatial distribution, and trade-off relationships of ecosystem services of urban agglomerations (Zhang et al., 2021a; Zhou et al., 2023). For example, most studies indicate that ESV is in a declining trend with the development of urban agglomerations and showed a strong spatial correlation (Chen et al., 2022b; Zhou et al., 2023). Moreover, this decreasing trend is influenced by various factors, such as land use/cover, population, social and political factors (Luo et al., 2020). Generally, land use/cover are the most important factors affecting ESV in urban agglomeration (Ouyang et al., 2021; Yang et al., 2021). However, how to refine the effect of land use/cover type on ecosystem services in urban agglomerations will be helpful to propose proactive ecological protection strategies and further improve ESV.
Although human geographers discussed the concept of landscape as early as the 1990s, there are still many explanations of the term “landscape” (Keisteri et al., 1990; Bastian et al., 2014; Zhou et al., 2019). The impression of landscape pattern defined by European Landscape Convention is more commonly used, which is “Landscape means an area, as perceived by people, whose character is the result of the action and interaction of natural and/or human factors”. Landscapes contain complex temporal and spatial distribution dynamic characteristics in resource allocation. Landscape is a mosaic, consisting of various land use type or heterogeneous regions composed of multifarious ecosystems (Turner, 1989; Liu et al., 2020). Therefore, many ecological economists use the number, proportion, area, shape, and spatial distribution that make up ecosystems or land use/cover types to estimate landscape pattern (Liu et al., 2020; Abdollahi et al., 2023). In the process of rapid urban expansion, land use/cover types are constantly undergoing significant changes, which in turn affect the landscape pattern (Dadashpoor et al., 2019; Guo et al., 2021). The landscape pattern can better indicate the effect of urban agglomeration construction on land use/cover type. For example, many studies have shown that urban agglomeration construction increases the complexity and aggregation of landscape, while also leading to fragmentation and reduced connectivity of landscape (Wu et al., 2023).
The change in landscape pattern not only represents the process of material circulation and energy flow between human systems and natural ecosystems, but also has a remarkable impact on the structure, composition, and function of natural ecosystems, resulting in changes in ecosystem services (Kertész et al., 2019; Liu et al., 2020; Zhao et al., 2023). Previous extensive studies have examined that the close correlation between landscape pattern changes and ecosystem, economic, social, and ecological values from the perspectives of countries, watersheds, provinces, cities (Liu et al., 2022; Bian et al., 2023; Chen et al., 2023c; Zhao et al., 2023). With the development of urbanization, more and more urban agglomeration construction has entered national planning (Ouyang and Li, 2023). For example, the Beijing Tianjin Hebei, Yangtze River Delta, and Pearl River Delta are the earliest urban agglomerations and have become the main spatial carriers of urbanization in China (Fang and Yu, 2017). Especially in the early stages of urban agglomeration construction, the rapid improvement of urbanization brought significant ecological challenges (Tian et al., 2020; Chen et al., 2023b), which destroyed ecosystems through the expansion of construction land, commercial land, residential land, and occupation of ecological land (Liu et al., 2019; Wu et al., 2022a; Wu et al., 2022b). Considering that a large number of new urban agglomerations are in the stage of formation and development in China, quantifying and analyzing the correlation between the spatiotemporal characteristics of regional ecosystem service and landscape patterns in developing urban agglomerations would provide sufficient information to guide and manage sustainable development strategies, especially in the process of urbanization development.
The rapid urbanization process has significantly changed the landscape pattern, especially in the rapidly developing regions of China. Since the implementation of the “Central Plains Urban Agglomeration Development Plan” in 2016, it has become an important engine for implementing the strategy of improving the rise of the Central Region, promoting the scientific development of the CPUA and creating a new economic growth engine for China. As a developing urban agglomeration, the CPUA should inherit the development advantages of mature urban agglomerations and avoid the drawbacks of traditional urban agglomerations. Therefore, a large amount of research is needed to enhance the advantages of urban agglomeration construction and guide the development of future urban agglomerations. Therefore, this study attempts to reveal the main process that landscape patterns affect the ESV in the CPUA. This study aims to address the following three questions: 1) What are the spatiotemporal characteristics of landscape patterns from 2000 to 2018 in the CPUA? 2) What are the spatiotemporal characteristics of ESV from 2000 to 2018 in the CPUA? 3) How did the changes in landscape pattern affect ESV in the CPUA?
2 MATERIALS AND METHODS
2.1 Study area
The CPUA (110˚15′ to 118˚10′E, 31˚13′ to 37˚47′N) is located in the central and eastern part of China and acts as a link between the east and the west, thus representing is a critical junction connecting the east and the west. According to “Central Plains Economic Zone Planning (2012–2020)", the CPUA covers five provinces, including Henan, Hebei, Anhui, Shanxi, and Shandong provinces, and a total of 30 cities. The “Opinions of the Central Committee of the Communist Party of China and the State Council on Establishing a New Mechanism for a More Effective Regional Coordinated Development” issued in 2018 by the Central Committee of the Communist Party of China and the State Council, clearly states that Zhengzhou will be the center to lead the development of the CPUA. The total area of the CPUA is 28.66 million km2. At the end of 2017, the total population was CNY 163,531,700, and the gross production value was CNY 67,778.12 billion. The gross production value is second only to the Yangtze River Delta, the Pearl River Delta, and Beijing-Tianjin-Hebei (Fu et al., 2020). The CPUA takes the plain as the main landform, and also includes the western part of the mountain and hilly landform (Figure 1). Rapid connections can be realized to major hub airports in China—Zhengzhou Airport, Luoyang Airport, Nanyang Airport, Xinyang Airport, etc. —and abroad. The development of network-shaped high-speed railway and the modern integrated transportation hub patterns is accelerating, and the three-dimensional integrated transportation network is constantly being improved.
[image: Figure 1]FIGURE 1 | Location of the CPUA in China.
2.2 Data sources and preprocessing
The land use database used in this study was acquired from the Data Center for Resources and Environmental Sciences, Chinese Academy of Sciences (http://www.resdc.cn) (Ning et al., 2018). The spatial resolution is 30 m × 30 m. The original land use type of the data including seven primary land-use types and eighteen secondly land-use types. The land-use data in 2000, 2005, 2010, 2015, and 2018 for the area are presented in our study.
Landscape pattern metrics contain rich landscape information, which can not only be used to quantify the structural and composition of the landscape, but also to characterize spatial configuration. To fully understand the spatial pattern of landscape in the CPUA, twenty-one landscape pattern metrics are selected to represent the intricate and complex spatial patterns of landscape. In order to eliminate the redundancy caused by using too many landscape patterns, correlation analysis was conducted in Stata 15.0. Ultimately, eleven landscape pattern were reserved for analysis of ecosystem services drivers, including total edge (TE), patch density (PD), edge density (ED), area-weighted mean patch size (AREA_AM), contagion index (CONTAG), mean in Euclidean nearest neighbor distance (ENN_MN), interspersion juxtaposition index (IJI), splitting index (SPLIT), Shannon’s diversity index (SHDI), cohesion index (COHESION), and Shannon evenness index (SHEI). All the selected metrics are calculated in Fragstats software (version 4.2). The explanations and definitions of the eleven landscape pattern metrics are presented in (McGarigal, 2012).
2.3 ESV measurement
Costanza et al. (1997) first scientifically defined ESV and methods for its estimation based on 17 ecosystem services of 16 ecosystems in the world. Benefit transfer methods are often used to assess ESV in different land-use types, and varying degrees of research have been conducted by numerous scholars (Xie et al., 2008; Tolessa et al., 2017). Moreover, the methods can objectively show the structures, functions, and ecological benefits of different ecosystems (Costanza et al., 1997; Xie et al., 2008). Although the classifications and equivalent coefficients of ecosystem services proposed by Costanza et al. (1997) are widely used in ecosystem research conducted both in China and abroad, they may not be suitable for the estimation of ESV in China. Xie et al. (2008) revised ecosystem services classifications and equivalent coefficients into four categories and nine subcategories according to the characteristics of ecosystem types in China. The formula (Eq. (1)) for calculation of the overall ESV is:
[image: image]
where ESV indicates the ecosystem services value, Ai indicates the area of ecosystem type i, and VCij indicates the j-th category of the ESV coefficient for the i-th land-use type.
2.4 Spatial autocorrelation analysis
In recent decades, with the acceleration of China’s economy, population, and urbanization, the landscape pattern has also undergone vital changes. Especially in some national urban agglomeration areas, due to the pursuit of faster economic growth and urbanization, the ecological benefits are often ignored, leading to unreasonable urban planning. Unreasonable urban planning can cause serious loss of ecosystem services while destroying the landscape pattern. Therefore, it is important to detect the impact of landscape patterns on the ESV in urban agglomeration. In our earlier study, the effect of landscape pattern on the ESV was measured by fixed- and random-effects models (Chen et al., 2021). The fixed-effects model is suitable for studies with little or no difference between independent studies. The random-effects model is an extension of the classical linear model; The original regression coefficient is considered as a random variable and is typically assumed to originate from a normal distribution (Ibrahim et al., 2011; Chen et al., 2021).
The specific form of the fixed- and random-effects model (Eq. 2) is as follows:
[image: image]
where AESVit represents the average ESV of the i-th unit at time t; α represents the intercept term; β represents the regression coefficient; εit represents the random disturbance terms; δi represents the individual effect; and ηi represents the time effect. In the models, the Hausman test is typically adopted to select either the fixed- or random-effects model.
3 RESULTS
3.1 Spatiotemporal patterns of landscape pattern from 2000 to 2018 in CPUA
These landscape pattern have significant spatial distribution patterns in the CPUA (Figure 2). Considering 2018, for example, we found that FD, ED, SPLIT, and SHEI showed larger values in the mountains of the northwest than in the central and southeastern plains. Moreover, the ENN_MN, IJI, and SHDI showed larger values in the south than in the north. However, AREA_AM, CONTAG, and COHESION show the opposite trend, with lower values in the mountains of the northwest than in the central and southeastern plains. Moreover, the TE shows lower values in the central and northeastern areas than in other areas.
[image: Figure 2]FIGURE 2 | Lables (A–K) represent patch density (PD), total edge (TE), edge density (ED), area-weighted mean patch size (AREA_AM), mean in euclidean nearest neighbor distance (ENN_MN), contagion index (CONTAG), interspersion juxtaposition index (IJI), cohesion index (COHESION), splitting index (SPLIT), Shannon’s diversity index (SHDI), and Shannon evenness index (SHEI), respectively.
With the rapid development of urbanization in CPUA, the landscape pattern also undergoes significant changes (Figure 3). The TE, ED, IJI, SPLIT, SHDI, and SHEI are increasing from 2000 to 2018 (Figure 3). Moreover, the increase rate for 2015–2018 is significantly higher than that of the previous period. However, AREA_AM, CONTAG, and COHE-SION decrease from 2000 to 2018; in addition, the decrease rate for 2015–2018 is significantly more pronounced than for the previous period. The PD show a decreasing trend from 2000 to 2015, but a trend of quickly increasing from 2015 to 2018. The ENN_MN shows an increasing trend from 2000 to 2005 and a decreasing trend from 2005 to 2018; moreover, the biggest change occurs between 2015 and 2018. Nine of the eleven landscape patterns showed the greatest change between 2015 and 2018, except CONTAG and COHESION. The changes in these landscape pattern metrics are closely related to the construction and development of the CPUA, especially from 2015 to 2018.
[image: Figure 3]FIGURE 3 | Temporal variation of landscape patterns in the CPUA from 2000 to 2018.
3.2 Spatiotemporal patterns of ESV in the CPUA from 2000 to 2018
The total ESV of the CPUA in 2000, 2005, 2010, 2015, and 2018 was USD 838.53 million, USD 836.56 million, USD 834.08 million, USD 826.91 million, and USD 792.32 million, respectively. Moreover, the reduction in ESV was USD 1.97 million, USD 2.48 million, USD 7.17 million, and USD 34.59 million in 2000–2005, 2005–2010, 2010–2015, and 2015–2018, respectively. These results present strong evidence of the downward trend of ESV during the study period. Moreover, the rate of ESV degradation has been increasing, especially from 2015 to 2018. The ESV of cultivated land contributed the most to the total ESV, exceeding 50%. Construction land provides negative ESV. In addition, the change trends of the ESV of cultivated land and construction land were the same as the change trend of total ESV. The overall spatial distribution of ESV in the CPUA was remained basically stable from 2000 to 2015 (Figure 4). The areas with high ESV are mainly distributed in the western mountainous and southern hilly areas. The areas with low ESV are mainly distributed in the central and northern plains. The units with ESV greater than USD 14.0 million account for over 2.9% of the total units in each year from 2000 to 2018, and there was no significant interannual variation. However, the units with ESV less than USD 1.0 million account for 29.6%, 29.6%, 30.3%, 30.3%, and 32.5% in 2000, 2005, 2010, 2015, and 2018, respectively. These results suggest that the decrease in mean ESV is mainly due to the increase in low value areas of ESV in the central and northern plains.
[image: Figure 4]FIGURE 4 | Lables (A–E) represent ESV of 2000, 2005, 2010, 2015, and 2018, respectively.
3.3 Impact of landscape pattern on ecosystem services from 2000 to 2018
Table 1 shows the results of regression between ESV and landscape patterns in the CPUA. The spatiotemporal regressive coefficient ρ is statistically significant at 0.1%, suggesting the existence of dependence of the ESV. In terms of the spatial association between landscape patterns and ESV, the regression coefficients of PD, IJI, COHESION, SPLIT, and SHDI are significantly positive except in the case of only SHDI. However, regression coefficients of other landscape patterns (TE, ED, AREA_AM, ENN_MN, CONTAG, and SHEI) were negative, but only significantly so in the case of TE. Our results based on the time-period fixed-effects model indicate that ESV is significantly correlated with many landscape patterns. TE and ESV showed the highest correlation (−0.12), followed by SPLIT and ESV (0.05). Based on Time-Period Random-effects model, our results showed a similar relationship between ecosystem services and landscape patterns. Therefore, Therefore, landscape patterns have a significant impact on ESV in the CPUA.
TABLE 1 | Regression results for ecosystem services in the CPUA.
[image: Table 1]4 DISCUSSION
4.1 Spatiotemporal variation characteristics of ESV and landscape pattern
Our results indicate that the ESV tends to decreased from 2000 to 2018, consistent with many other previous studies (Su et al., 2020; Sun et al., 2020). In our study, the ESV of total and cultivated land exhibit the fastest decline from 2015 to 2018, faster than in the previous three stages (from 2000 to 2005, 2005 to 2010, 2010–2015). This may be due to the approval of the Central Plains Urban Agglomeration Development Plan in 2016, which accelerated the expansion of urbanization. A large amount of cultivated land is used to plan the construction of new urban areas, rapidly reducing the services functions of the cultivated land ecosystem. With the development of urban, agriculture, forestry, ecological, and wetland landscapes are decreasing and gradually being replaced by urban landscapes, especially in cities undergoing rapid development, such as Beijing (Li et al., 2017), Xining (Wei et al., 2023), and Shanghai (Chen et al., 2022a). Our results showed that ESV decreased more rapidly in the central location of the urban agglomeration (around Zhengzhou). Urban expansion is a critical manifestation of the urbanization, in which the allocation of urban land and multiple other land-use types will also change (Chen et al., 2023a). Coupled with ecological land protection policy and the needs of urban development, construction land is replacing agricultural land. Deng et al. (2015) suggested that rapid urbanization led to an increase in cultivated land loss by 29.2% during the period 2000–2008. Song and Deng (2015) found that urbanization led to agricultural land loss, which, in turn, led to a significant decrease in ecosystem provision services in the North China Plain from 1998 to 2008. With the reduction of agricultural land, the continuous increase in construction land not only affects the stability of the ecosystem but also reduces the ESV (Peng et al., 2017). However, other studies suggest that the trend of ESV is to increase with social development (Jiang et al., 2020). It is worth noting that the obtained results may vary greatly due to the different methods used for ESV estimation. Estimation of ESV as units of currency is affected by different factors, such as market price, value coefficient, ability to pay, inflation rate, and land-use data (Li et al., 2018; Su et al., 2020).
In terms of the spatial structure of ESV, the Xingtai, Handan, Anyang, and Liaocheng areas in the northern cities continued to maintain low values during the research period. On the one hand, the main landforms of these cities are plains and rich in mineral resources, but the forest coverage rate is low. Mainly agriculture and industry were developed, so the total ecosystem services values were low. On the other hand, rapid urbanization has negative impacts on ecosystem services in these cities (Song and Deng, 2015). In the central region with Zhengzhou as the core, ESV is relatively low, and there is a continuous downward trend from 2000 to 2018. The main reason may be that the expansion of urbanization in Zhengzhou leads to changes in surrounding land-use patterns, which in turn lead to a reduction in the ESV. Due to the large area of mountains and rich forest resources, the western and southern regions are less affected by urbanization and ESV capacity remains high.
From the perspective of landscape patterns, six landscape patterns (TE, ED, IJI, SPLIT, SHDI, and SHEI) were increasing, but three landscape patterns (AREA-AM CONTAG, COHESION) were decreasing from 2000 to 2018 (Figure 3). There is volatility in the other two landscape patterns (PD, ENN_MN). These results are similar to previous studies; however, there are differences. For example, Tang et al. (2020) found that the enhance in the SHDI, occurred together with the decrease in the AREA_MN and CONTAG during the study of a coastal watershed of southeastern China. In the Loess Plateau in China, Zhang et al. (2020) found that the PD increased significantly, but the changes in COHESION, CONTAG, and SHDI were not obvious. Chen et al. (2021) found that in Wuhan, the PD and SHDI increased during the research period, whereas CONTAG and AREA_AM decreased. Hu et al. (2021) found that the PD and ED indices were volatile during the study period, and SHDI showed an upward trend in Xishuangbanna. Therefore, due to the differences in physical geography, socio-economic, and urbanization stages of the various areas, the landscape pattern tends to exhibit different changes. It is therefore necessary to reinforce the research on landscape patterns in different regions.
4.2 Impacts of landscape pattern on ESV
Landscape patterns are judgment tools to understand whether human activities have an impact on landscapes, and the changes of landscape patterns can be detected as the disturbance or degradation of ecosystem services (Chen et al., 2021; Li et al., 2022; Chen et al., 2023b). To better understand the effect of regional landscape patterns on ecosystem services, it is necessary to investigate the relationship between landscape patterns and ESV. Our results suggested that the majority of the landscape patterns (PD, IJI, SPLIT, COHESION, and SHDI) and the ESV are significantly positively correlated, indicating that a decrease in these landscape patterns inhibits ESV improvement. The enhance in PD reveals that the fragmentation of the landscape pattern in Wuhan improve during 2000–2015, leading to the decrease in the ESV. These results are consistent with many of previous studies (Yushanjiang et al., 2018; Zhang et al., 2021b). However, Chen et al. (2021) and Liu et al. (2020) found that an enhance in PD conduces to a reduce in ESV. Natural landscapes usually show higher concentration due to less disturbed by human activities, while artificial landscapes are more affected by human activities, tending to show higher dispersion. Therefore, an improvement of IJI demonstrate the enhancement of ecosystem services. This result is consistent with those of Yushanjiang et al. (2018) and Zhang et al. (2020), whereas Zhao et al. (2020) and Liu et al. (2020) detected that IJI to be negatively correlated with ESV. The COHESION index measures the physical connectivity of a certain type of plaque. High landscape cohesion can cause an enhance in ecosystem services (Liu et al., 2020). However, other studies have shown that patch cohesion index has a negative effect on ESV (Zhang et al., 2021b; Guo et al., 2021). The enhance in SPLIT also lead to a improve in ecosystem services (Yushanjiang et al., 2018; Liu et al., 2020). The enhance in SHDI declares that an increase in ecosystem services may be due to the increased in landscape diversity richness. Yushanjiang et al. (2018) and Chen et al. (2021) declared the same result, however, Liu et al. (2020) found that the SHDI is negatively correlated with supply and support services, but positively correlated with regulatory and cultural services. In our study, the TE, ED, AREA_AM, ENN_MN, CONTAG, and SHEI regression coefficients were all found to be negatively correlated with ESV, but this was significant only for TE.
4.3 Policy implications
Since the reform and opening up China’s urbanization has entered a rapid development stage and played a critical role in promoting political, economic, cultural, and social development (Hu et al., 2021; Zeng et al., 2023), especially in areas of urban agglomeration. however, the rapid development of the urbanization transforms landscapes and profoundly affects ecosystems (Ouyang and Li, 2023). According to China’s 13th plan of 5-year national development, there are currently 19 urban agglomerations under planning and construction. However, how to avoid unreasonable planning is the top priority in urbanization construction. Based on our research, we make some suggestions to address this question.
First, in large-scale urban agglomeration construction, there should be more focus on quality rather than speed (Bai et al., 2018). In terms of urban agglomeration planning, the main task is to achieve high-quality population urbanization rather than blind expansion of the region. Slowing urban expansion and controlling the scale of construction land can to some extent alleviate the deficit of the ecosystem. In addition, this is also a feasible means to protect high-quality ecological resources such as forests, grasslands, and wetlands in urban development. It can not only play a crucial role in protecting the value of the ecosystem, but also meet the needs of residents for leisure and entertainment in the ecosystem, thereby providing guarantees for sustainable development (Zeng et al., 2023). Second, we consider rational distribution of existing land use. In this study, there is a significant negative associated with ESV and TE. The increase in total edge means additional marginal benefits, which in turn generates more no-utilization buffer zones. In particular, some irregular landscape patterns tend to produce more unusable land areas. In land use planning, it is necessary to ensure strict protection of ecological land, avoid inefficient and scattered expansion of construction land, and minimize the impact of development on the ecosystem (Wang et al., 2014).
Therefore, Sustainable provision of ecosystem services is closely related to human activities. When human society achieves sustainable development, ESV can receive better support (Zhang et al., 2019a). Only by fully coordinating the relationship between landscape pattern and ecosystem services can high-quality and efficient development be achieved. Therefore, studying the interactive stress relationship between landscape pattern and ecosystem services can provide scientific references for healthy development.
4.4 Limitations and future directions
Estimation of ecosystem service is an important aspect of modern ecosystem ecology research. However, there is no uniform approach to assessing ESV. Most scholars use the value-equivalent factor method per unit area Xie et al. (2008) to evaluate ESV in China. In recent years, increasingly studies are attempting to further modify the value equivalent scale in order to eliminate the impact of time and inflation on the evaluation of ecosystem services (Zhang et al., 2019b; Li and Gao, 2019). Therefore, in future research, the comparison of different evaluation methods should be strengthened in order to obtain more accurate evaluation methods of ecosystem services.
In order to provide high-level insights into land use management and urban planning in different regions, many previous studies have concentrated on the latent relationship between landscape and ecological process (Lee et al., 2015; Urzedo et al., 2020; Bian et al., 2023). However, little research has been conducted on the scale of urban agglomerations. Urban agglomerations contain richer and more diverse land-use types, which also represent a higher-stage form of urban development. Therefore, this will also result in increased planning requirements for urban agglomeration planners. In future urban agglomeration planning, landscape pattern is an important aspect that not only reflects the rationality and beauty of urban planning but also affects the sustainable development of ecosystem services.
The construction of urban agglomerations not only involves the ESV, but also involves the happy life of people in the city (Sheikh and Van Amerijde, 2022; Ye et al., 2022). Liveability is an indispensable component in future urban agglomeration planning. A liveable urban attempt to provide individuals of communities with strong sense of satisfaction and happiness, enhance the aesthetics and accessibility of the surrounding environment through infrastructure planning, ensure the provision of basic necessities and services, and implement feasible land use allocation in the urban planning process (Chi and Mak, 2021). The changes in landscape patterns not only affect ecosystem services, but also have a significant impact on people’s sense of satisfaction and happiness (Ahmed, 2011). Therefore, in future research, to serve the construction of better urban agglomerations, we should incorporate urban livability into urban ecosystem services.
5 CONCLUSION
In this study, we determined the spatiotemporal pattern of ESV and the landscape pattern in the CPUA from 2000 to 2018 using a revised benefit transfer method. In addition, the spatiotemporal correlation analysis method is used to further analyze the impact of landscape patterns on the ESV in the CPUA. Our study results demonstrate that the ESV is in a state of continuous decline in in the CPUA during the study periods. Moreover, the reduction in ESV between 2015 and 2018 exceeds that of the sum of the previous three stages (from 2000 to 2005, 2005 to 2010, and 2010–2015). The land-scape patterns of ENN_MN, IJI, and SHDI showed larger values in the south than in the north, but AREA_AM, CONTAG, and COHESION showed the opposite trend of lower values in the mountains of the northwest than that in the central and southeastern plains in the CPUA. The spatiotemporal regressive analysis revealed that there is a significant positive correlation between ESV and PD, IJI, DIVISION, and SPLIT but a significant negative correlation between ESV and TE. Therefore, the changes in the landscape pattern caused by the construction of urban agglomerations have an important impact on ecosystem services. In the future, in the construction of urban agglomerations, focus on reasonable planning of landscape patterns should be strengthened in order to obtain more efficient and sustainable ecosystem services.
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