[image: image1]Impacts of the land use transition on ecosystem services in the Dongting Lake area

		ORIGINAL RESEARCH
published: 23 July 2024
doi: 10.3389/fenvs.2024.1422989


[image: image2]
Impacts of the land use transition on ecosystem services in the Dongting Lake area
Shi Xuan1, Ning Qimeng2 and Lei Zhigang3*
1Songlin College of Architecture and Art, University of South China, Hengyang, China
2School of Architecture and Urban Planning, Hunan City University, Yiyang, China
3Department of National Spatial Planning Data, The Third Surveying and Mapping Institute of Hunan Province, Changsha, China
Edited by:
Xue-Chao Wang, Beijing Normal University, China
Reviewed by:
Siyun Chen, Hunan University of Finance and Economics, China
Guoen Wei, Nanchang University, China
Peng Cao, Henan University of Technology, China
* Correspondence: Lei Zhigang, 13077341678@163.com
Received: 25 April 2024
Accepted: 01 July 2024
Published: 23 July 2024
Citation: Xuan S, Qimeng N and Zhigang L (2024) Impacts of the land use transition on ecosystem services in the Dongting Lake area. Front. Environ. Sci. 12:1422989. doi: 10.3389/fenvs.2024.1422989

Urbanization-induced land use transitions (LUTs) result in a decline in ecosystem services, which has implications for regional ecological security. In order to explore the relationship between ecosystem services and land use transition, this paper utilizes the InVEST model, a geographically weighted regression (GWR) model, to examine the impact of land use transition on ecosystem services in the Dongting Lake area (DLA). The results showed that 1) with the change in urbanization development, the average values of land use transition intensity (LUI) in 2000, 2010, and 2020 are 237.99, 235.82, and 238.92, respectively. Land use dynamics (LUD) show a tendency to increase and then decrease, with average values of 5.58 and 5.62 for the periods 2000–2010 and 2010–2020, respectively, and the transformation of land use shows obvious spatio-temporal heterogeneity. 2) Habitat quality and carbon sequestration showed a downward trend. In contrast, food supply followed an upward trend; soil conservation (SC) and water yield (WY) services initially increased and decreased later. The overall spatial changes in habitat quality and carbon sequestration appear to be insignificant. Food supply shows significant differences in the plains compared to other areas, while soil conservation and water yield service show significant changes in places other than the DLA. 3) From 2000 to 2020, land use transition dynamics, population density, GDP density, night lighting, and transition intensity had mainly negative effects on ecosystem services. Only the Normalized Vegetation Index (NDVI) showed a positive effect on ecosystem services. The results of the research will provide valuable references for the development and implementation of spatial ecological restoration planning and land use policies in the national territory.
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1 INTRODUCTION
Since the 21st century, with growing urbanization and industrialization (Wang et al., 2023a), the large-scale growth of building land has led to noticeable shifts in land use, in which natural and semi-natural habitat classes have shifted toward artificial habitat classes (Griggs et al., 2013). In addition, current research has identified habitat fragmentation, soil quality deterioration, and increasing environmental contamination as direct effects of human overexploitation (Banks-Leite et al., 2020). These repercussions are predominantly driven by land use transition (LUT), which considerably alters the balance between the supply and demand of ecosystem services (ESs) (Xiang et al., 2022), leading to changes in their providing ecosystem functions (Keyes et al., 2021). Therefore, disclosing the impacts on ESs in the process of LUT is vital for the creation and implementation of ecological restoration planning and land use regulations in the territorial area (Feng et al., 2023).
LUT is the result of the interaction between social and natural factors (Zhou et al., 2020) and plays an important role in regulating socioeconomic development and ecological restoration (Cao et al., 2021a). The meaning of change, its effects, and other facets have been the subject of several academic studies. Explicit and implicit LUT modes are distinguishable among them based on their respective connotations (Shi et al., 2021). Implicit LUT, on the other hand, primarily refers to changes in land use functions (Zou et al., 2024), including various land attributes in terms of property rights (Wen et al., 2020), inputs, outputs, production, etc. Among them, explicit LUT refers to changes in land use structure (i.e., quantitative and spatial structure) (de Groot, 2006; Burton et al., 2009). In terms of effect, LUT has caused changes in the land use structure, which has led to the reduction in ecological land, thus causing ecological environment damage (Yang et al., 2018). Among them are ESs, which people rely on for direct or indirect environmental benefits. Research has demonstrated that ESs are key components of ecological security (Liu et al., 2023). Natural variables like temperature and rainfall and socioeconomic factors like population growth, construction site expansion, and economic development all have an impact on ESs (Ouyang et al., 2022). Of these, land use change has a major impact on ESs (Xu et al., 2019). Prior research has mostly examined how changes in land use structure affect ESs without taking into account how these changes affect ESs themselves during the LUT process (Bai et al., 2020). Furthermore, research on the effects of changing land use on ESs (Hasan et al., 2020) is primarily conducted at the administrative division level (Liu, 1996; Chen et al., 2019; Song et al., 2022). This limits the ability to suggest relevant planning for the area and makes it challenging to characterize the phenomenon’s local changes.
The Dongting Lake Ecological Reserve is an important part of the Yangtze River basin (Liu et al., 2023) and an important area for ecological restoration and food supply in China. The process of urbanization has precipitated a significant shift in land utilization within the locality, exerting a profound impact on the ESs of the area. Hence, this study focuses on the Dongting Lake area (DLA) as the subject of investigation, elucidating the transition in land use and ESs at the grid scale from 2000 to 2020 through a multi-dimensional assessment. It aims to delve into the mechanism by which land use transition impacts ESs, employing a geographically weighted regression (GWR) model. This endeavor seeks to address the following scientific inquiries: 1) What patterns characterize the changes in ESs during the process of land use transition? 2) What is the relationship between land use transition (LUT) and ESs? The ultimate objective is to furnish theoretical underpinnings for the high-quality development of land space in the DLA (Li et al., 2023).
2 METHODS
2.1 Overview of the study area
DLA (28°30′N-29°40′N, 113°10′E−114°40′E) is the second largest freshwater lake in China (Song et al., 2022). It is located in the northern part of Hunan Province and the southern part of Hubei Province, serving as an essential storage lake and ecological security function area in the Yangtze River basin (Liu et al., 2022). The region is predominantly characterized by plains, which can be categorized into four main types: lake water bodies and shoals, plains surrounding the lake, hills and low mountains adjacent to the lake, and valley plains and hills (Zhao et al., 2023). The current investigation centered on a subset comprising 19 counties (cities and districts) from the three prefecture-level cities, namely, Yueyang, Yiyang, and Changde, within the DLA (Jiang and Zeng, 2024). These areas encompassed Yueyang city, Linxiang city, Yueyang County, Huarong County, Miluo City, Xiangyin County, Yiyang city, Yuanjiang city, Nan County (including the Datong Lake area), Changde city, Hanshou County, Anxiang County, Li County, Jin city, and Linli County (Jie et al., 2023). As shown in Figure 1, the total area spans approximately 25,800 km2, constituting 12.18% of Hunan Province. As of the end of 2020, the resident population numbered approximately 10,705,800, accounting for approximately 16.11% of the province. The GDP amounted to 710.44 billion yuan, representing roughly 17% of the province.
[image: Figure 1]FIGURE 1 | Geographic location and land use classification of the Dongting Lake ecological and economic zone. Location of the region (A), digital elevation model (B), and class of land use (C).
In terms of land use, we reclassified land cover into six categories. Of these, forest land accounted for the largest share of 46% of the total area in 2020, followed by cropland at 37%, grassland and unused land both at 2%, watershed at 11%, and built-up land at 3%. There was a shift in land use between 2000 and 2020, mainly for cropland—from 38% of the total area to 37%—and built-up land—from 2% to 3%. The 46% coverage of forested land around Dongting Lake underscores the substantial forest resources in the area, reflecting not only its biodiversity but also its contribution to water yield (WY) and soil conservation (SC), which are pivotal for maintaining the ecological balance of the lake region. The 37% allocation to cultivated areas highlights the significance of agriculture in the Dongting Lake vicinity, particularly in the production of staple crops such as rice, which is vital for local and neighboring food supplies. Moreover, the 11% designated as watershed areas signifies the abundant water resources surrounding Dongting Lake, crucial for sustaining crop growth and ecological equilibrium. Prudent conservation and management of these land resources, including preserving forest cover and wetland ecosystems, as well as enhancing agricultural productivity and sustainability, are essential for maintaining the ecological balance and food security in the Dongting Lake region, ensuring a healthy and stable environmental landscape within the area.
2.2 Materials
2.2.1 Data sources
The data mainly include land use data, food supply, carbon density, night light data, and others, as shown in Table 1.
TABLE 1 | Data sources.
[image: Table 1]2.3 Methods
2.3.1 Land use transition intensity
Land use transition intensity (LUI) is a significant metric of the land use function (Yang et al., 2020). From a socio-economic standpoint, LUI can indicate varied degrees of land transitions, development, and exploitation. The study will treat each land raster as a sampling point, generating a 1 km × 1 km grid and calculating the LUI of each grid independently, as depicted in Figure 3. Each land use type can be defined as the ability of different land use types to provide products and services for human beings (Kleijn et al., 2009). Their contribution to LUI is consistent with their weights. Therefore, using the grid, LUI can be calculated using the following formula:
[image: image]
In this formula, [image: image] represents the total land area, [image: image] is the number of land use types (n = 6 in this study), [image: image] is the area of each land use type, and [image: image] is the value of the degree of exploitation of the land use type (Yang et al., 2020). LUI can be classified into four categories, with each land use type within each category having the same value. Specifically, the value of industrial, urban, and rural–urban land, collectively known as build-up land, is defined as “4.” Farmland is assigned a value of “3” due to its socio-economic and natural attributes. The Chinese government reinforces the protection of farmland, grassland, and woodland resources, owing to their ecological functions (Yang et al., 2018), which are assigned a value of 2. Bare land is valued at “1” as it has yet to be developed for socio-economic activities.
2.3.2 Land use dynamics model
Land use dynamics (LUD) serves to depict the rate and trajectory of land transition and reflects its overall characteristics within a region over time (El-Naggar et al., 2022). Similarly, this study utilizes the grid as the fundamental unit for LUD calculation. The specific equations are provided below (Li et al., 2021):
[image: image]
Here, [image: image] is the total land area, n is the number of land use types (n = 6 in this study), and [image: image] is the area where land use type i is transformed into land use type j (Buckley Biggs, 2022). The difference between [image: image] and [image: image] represents the time of the study. Broadly speaking, the larger the LUD, the faster and larger the land use transition. The trend will also be more pronounced, and vice versa.
2.3.3 Methods for quantifying ecosystem services
Ecosystem services can be classified into four main types: provisioning services (providing food and water), regulating services (controlling floods and diseases), cultural services (offering spiritual, entertainment, and cultural benefits), and supporting services (maintaining nutrient cycling that sustains life on earth) (MA et al., 2017; Ning and Ouyang, 2023).
In this study, we selected carbon sequestration, water yield services, food production, habitat quality, and soil conservation. Carbon sequestration and soil conservation fall under regulating services; water yield services and food production belong to provisioning services; and habitat quality is classified as a supporting service (Yu et al., 2024). Specific quantification was done using the InVEST model (Wei et al., 2021), and the corresponding equations are shown in Table 2.
TABLE 2 | Formulas and descriptions of ecosystem service calculations.
[image: Table 2]Since the five ESs of carbon sequestration, water yield services, food production, habitat quality, and soil conservation have different units, a standardized method was used to standardize the ESs to [0,1]. Then all the values were added to obtain the total ESs (TES).
2.3.4 Geographically weighted regression
The GWR model is a classic approach for analyzing spatial heterogeneity. It effectively captures the influence of geographical location on the relationship between dependent and independent variables. Compared to other models, GWR offers higher accuracy. Additionally, the ecosystem service observation data in this paper exhibit spatial correlation. Therefore, incorporating temporal attributes into the GWR model allows for the exploration of the spatio-temporal driving mechanisms underlying the explanatory power of the independent variable on the dependent variable. The specific formula of the GWR model is presented below:
[image: image]
where [image: image] represents the ecosystem services in grid ij, a normalized means of five categories of ecosystem services; [image: image] represents the spatial and temporal coordinates of sampling point i; [image: image] is the regression constant for sampling point i; [image: image] represents the kth regression parameter for sample point i; [image: image] is the driving factor k for sampling point i; and [image: image] is the residual term of the model.
3 RESULTS
3.1 Characteristics of spatial and temporal changes in LUT
Overall, the LUI exhibited slight fluctuations, with average values of 237.99, 235.82, and 238.92 in 2000, 2010, and 2020, respectively. The average annual growth rate of the LUI from 2000 to 2010 was −0.22, and from 2010 to 2020, it was 0.31. In contrast, LUD demonstrated a trend of initially increasing and then decreasing, with average values of 5.58 and 5.62 for the periods 2000–2010 and 2010–2020, respectively. Spatially, high-value areas in 2000–2010 were predominantly situated around the lake area and in urban expansion zones, while those in 2010–2020 were dispersed across urban, rural, and urban expansion areas (see Figure 2). The concentration of high-value areas of land use transition intensity in 2000, 2010, and 2020 was observed in the DLA, indicating favorable topography and optimal utilization of land resources in the region (see Figures 3D–F).
[image: Figure 2]FIGURE 2 | Intensity of land use transition and motivation, 2000–2020.
[image: Figure 3]FIGURE 3 | Intensity of land use transition and dynamics of motivation. (A) LUD during 2000-2010; (B) LUD during 2010-2020; (C) LUD during 2000-2020; (D) LUI 2000; (E) LUI 2010; (F) LUI 2020.
From 2000 to 2010, the high-value area of LUD for land use transition motivation was primarily concentrated in the eastern coastal area at the northern end of DLA and in urban construction areas around the region. Conversely, from 2010 to 2020, the high-value area of LUD for land use transition motivation was mainly concentrated in the suburbs of cities and urban and rural areas, particularly in the townships around cities, with a significant range of land use changes. The motivation for change slowed down around the lake area during this period (see Figures 3A–C).
3.2 Characteristics of spatial and temporal changes in ESs
The temporal and spatial variations over the period 2000–2020 for different ESs are discussed in this section. As shown in Table 3 and Figure 4, the mean value of WY increased from 490.18 mm in 2000 to 902.01 mm in 2010. High-value areas are distributed in the southeastern and southern hilly areas; low-value areas are spread in the waters of the Dongting Lake basin. The mean value of WY increased from 902.01 mm in 2010 to 690.10 mm in 2020. High-value areas are sporadically scattered; low-value areas are still distributed in the waters of the Dongting Lake Basin. The average value of CS decreased from 2289.35 t/hm2 in 2000 to 2255.01 t/hm2 in 2010, and the high-value areas are distributed in the hilly areas and the Dongting Lake Basin, while the low-value areas are distributed in the plains. The average value of CS in 2010 decreased from 2255.01 t/hm2 to 2247.46 t/hm2 in 2020. High values are still distributed in the hilly mountainous areas and the Dongting Lake basin; low values are distributed in the built-up areas and part of the waters of the Dongting Lake. The average value of SC in 2000 increased from 1088.32 t/ha2/ha2 to 1822.64 t/ha2/ha2 in 2010. High values are distributed in the mountainous areas at the edges of the study area; low values are distributed in the Dongting Lake basin. The mean value of SC increased from 1088.32 t/ha2 in 2000 to 1822.64 t/ha2/in 2010. High-value areas were distributed in the marginal mountains of the study area; low-value areas were distributed in the watershed of Dongting Lake. The mean value of SC decreased from 1822.64 t/ha2 in 2010 to 626.29 t/ha2 in 2020. High-value areas were distributed in the marginal mountains; low-value areas were distributed in the watershed of Dongting Lake. The mean value of HQ decreased from 0.71 in 2000 to 0.697 in 2010. High-value areas are distributed in the marginal mountains of the study area and in the Dongting Lake Basin; low-value areas are distributed in the urban areas. The mean value of HQ decreased from 0.697 in 2010 to 0.695 in 2020. High-value areas are still distributed in the marginal mountains and the Dongting Lake basin; low-value areas are still distributed in the urban areas. The average value of FS increased from 4740855.49 KJ in 2000 to 6024647.79 KJ in 2010. High-value areas were distributed in the plains and hills of the Dongting Lake basin; low-value areas were distributed in the marginal mountains of the study area and the Dongting Lake Basin. The average value of FS in 2010 increased from 60246447.79 KJ to 7036502.47 KJ in 2020. High-value areas are still distributed in the Dongting Lake Basin. The high-value areas are still distributed in the plains and hills of the Dongting Lake Basin; the low-value areas are still distributed in the mountains at the edge of the study area and in the Dongting Lake Basin.
TABLE 3 | Changes in ecosystem services, 2000–2020.
[image: Table 3][image: Figure 4]FIGURE 4 | Changes in various types of ecosystem services, 2000–2020.
3.3 Spatial and temporal correlation between LUT and ESs
The regression parameters of TES between and socio-economics are less variable than those between natural ecological factors (Figures 5, 6). The regression coefficients of NDVI ranged from −0.097836 to 0.208317, with the largest changes in regression coefficients and significant spatial heterogeneity. During the period of 2000–2010, 85% of the grids consisted of negative coefficient spaces, whereas the positive coefficient spaces were distributed in the southwest of Dongting Lake; between 2010 and 2020, the proportion of negative coefficient spaces decreased significantly, while positive coefficient spaces were distributed in the east coast, the western basin, and the southern edge of the study area.
[image: Figure 5]FIGURE 5 | Changes in the coefficients of the role of different influencing factors, 2000–2010.
[image: Figure 6]FIGURE 6 | Changes in the coefficients of the role of different influencing factors, 2010–2020.
The regression coefficients of LUD ranged from −0.001908 to 0.000521. The magnitude of the change in the regression coefficients varied slightly, indicating weaker spatial heterogeneity. During 2000–2010, 60% of the grids exhibited negative coefficients, with relatively positive coefficient spaces mainly distributed in the southern part of Dongting Lake, the southwestern edge, and the northwestern part of the study area. However, from 2010 to 2020, the positive coefficient spaces varied significantly, with a substantial increase in the proportion of negative coefficient spaces. Positive coefficient spaces were primarily distributed in the southwestern and northeastern parts of the study area.
Additionally, the regression coefficients of LUI ranged from −0.000593 to 0.000370, showing small variations and weak spatial heterogeneity. Positive coefficients during the period 2000–2010 were predominantly observed in the southern and eastern parts of Dongting Lake, as well as the western and northeastern fringes of the study area. Conversely, for the period 2010–2020, high-value areas were primarily concentrated in the northeastern and southwestern parts of the study area, as well as in the southern basin of Dongting Lake.
The socio-economic data encompass population density, GDP density, and nighttime light data. The regression coefficients of the nighttime light data ranged from −0.002690 to 0.002625. Spatially, during the period from 2000 to 2010, high values were primarily concentrated in the eastern, southern, and northern regions of Dongting Lake, as well as the southern part of the western watershed and the northern edge of the study area. Conversely, in the period from 2010 to 2020, high values shifted to the northern, southeastern, and southwestern parts of Dongting Lake, along with the northwestern and western edges of the study area. For GDP density, the regression coefficients ranged from −0.000008 to 0.000024. During the period 2000–2010, high values were dispersed in the southern part of the study area, while during 2010–2020, they were primarily located toward the northwestern part of Dongting Lake. The regression coefficients of population density ranged from −0.000008 to 0.000011. During the period 2000–2010, high-value areas were mainly distributed in the northwestern part of the study area and the western part of the Dongting Lake basin, whereas during 2010–2020, they shifted to the western and northwestern parts of the study area, as well as the southern part.
4 DISCUSSION
4.1 Impacts of LUT on ESs
The structure of ecosystems (e.g., cropland and woodland) and processes (e.g., habitat quality) in the process of land-use transition are influenced by human-social factors, which aim to maximize human benefits by transforming natural ecosystems (Long and CHEN, 2021). Concurrently, the process of land use transition affects socio-economic characteristics correspondingly, as evidenced by the growth of night-time lighting data, population density, and GDP density, following the expansion of urban construction land (Song, 2017). As depicted in Figure 4, habitat quality and carbon sequestration exhibit a downward trend, while food supply trends upward; soil conservation and water yield services initially increase and then decrease. During the period 2000–2010, the eastern littoral area at northern Dongting Lake experienced a significant land transition. This transformation can be attributed to the implementation of policies related to the return of farmland to the lake and forests in 2002, which reduced the human occupation of land in the lake area. Subsequently, there was an expansion of land for urban construction, aligning with China’s high rate of development during this decade, characterized by rapid growth in urban, rural, and city areas. In the functional spatial layout of ESs, the high-value areas of WY, CS, SC, and HQ were mainly in the mountainous hills at the edge of the study area, and the spatial pattern of the distribution of the high-value areas of FS was mainly in the plains around the Dongting Lake watershed. In the 2000–2020 changes, the ESs showed changes in WY in Dongting Lake waters, a slow decrease in the mean value of HQ, an overall increase in SC, an overall slow decrease in CS, and a gradual increase in FS. The land use overuse pattern is mainly policy-oriented, with obvious changes in DLA unutilized land and high LUD values clustered in the lake area related to the land policy of returning farmland to the lake at that time.
LUT has an impact not only on human life and socioeconomic characteristics but also on the regional spatial environment (Dong et al., 2021). This research used a micro-grid scale to explore the fact that ecosystem services in neighboring regions are strongly correlated. The spillover effect makes land use transitions affect ecosystem services not only within the same region but also in neighboring regions (Feng et al., 2023). This study explores the effects of spatial spillovers on ecosystem service types at a grid scale, with different combinations of influencing factors that enhance the persuasive power of GWR. The results also showed that while sensible land use would enhance ESs in nearby areas, socio-economic development would inevitably lead to an increase in transition intensity. Furthermore, the LUI exhibited a negative spatial correlation with the majority of ESs at the grid scale. After 2013, the area had a sharp increase in both urban and rural development, and as a result of the loss of forest land and the accumulation of rural dwelling land, SC services started to diminish. High-value areas of LUD are primarily concentrated in areas with infrequent human activities, primarily in areas with higher elevation and lower LUI and LUD. In contrast, the distribution pattern of high-value areas of SC is different. These areas, including LUD, have a negative correlation with SC and a more homogeneous land structure with more intact soil, primarily composed of forested land.
4.2 Implications for LUT
From 2000 to 2010, the central and northern parts of Dongting Lake witnessed dramatic areas of land-use transformation, mainly in the form of the transfer of arable land to construction land and forest land, leading to a decline in the regional capacity to supply ecosystem services. From 2010 to 2020, the transformation of the Dongting Lake region was reduced, with the spread of aggregation from urban areas to peri-urban areas. In the future, the land use transformation of the Dongting Lake area will take land consolidation, reclamation, development, and urban and rural construction land increase/decrease linkage as a platform to promote the comprehensive improvement of fields, water, mountains, forests, and villages; control the proportion of arable land and forest land transferring to construction land; and enhance the sustainability of the land use structure (Gomersall, 2021). How to enhance ecosystem services through effective land management is a key issue for the sustainable development of Dongting Lake (Griggs et al., 2013). Different ecosystem service types showed different trends of change, except for FS and WY, which showed a decreasing trend. Among them, in terms of carbon stock and habitat quality, among different land use types, forest land was the main contributor to CS in the study area, while the expansion of construction land was the main reason for the decrease in CS. Therefore, the protection and restoration of forest ecosystems should be strengthened in the Dongting Lake area. For soil and water conservation, slope and vegetation cover in natural conditions determine the ability of soil and water conservation, and since the slope length is not easy to change, improving the vegetation cover on the ground surface can weaken the influence of slope length on soil erosion and reduce the spatial heterogeneity of soil erosion. When carrying out soil erosion control, corresponding soil erosion control measures can be formulated for the dominant factors of erosion differentiation in different regions. In terms of food production, arable land should be further protected, the scale of high-standard farmland should be expanded, and at the same time, agricultural production technology should be upgraded. In terms of water production, water ecology monitoring should be strengthened, wetland shrinkage and degradation should be controlled, and ecological restoration projects for wetland protection should be carried out. Overall, the Dongting Lake area needs to improve rural production, living conditions, and ecological environment and promote the development of large-scale agricultural management, centralized population living, and industrial agglomeration so as to mitigate the impacts of human activities and climate change on ecosystem services and improve the sustainability of the land space in the Dongting Lake area.
4.3 Shortcomings and future study
To explore the impact of LUT on the spatial and temporal changes in ecosystem services, this paper selected GWR to reflect the partial spatial characteristics. Among them, mountainous areas and waters are intuitively more sensitive than built-up areas, causing variations in ecosystem services related to carbon sequestration and water yield services different from other areas. This, in turn, affects the median values of the corresponding coefficients of variation, which are usually used to characterize the overall GWR results (Chen et al., 2019). Future studies should refine the limitations to quantitative methods, owing to data accuracy. For example, this study measured five types of ecosystem services, which cannot fully reflect the regional ecosystem pattern. In addition, factors such as ecological protection policies should be considered in the future to improve the mechanism of ecosystem service changes.
5 CONCLUSION
In this paper, the Dongting Lake Ecological and Economic Zone serves as the focal point of our investigation, utilizing remote sensing images from 2000, 2010, and 2020 as primary data sources. Employing grid analysis alongside InVEST and GWR models, we examine the repercussions of LUT on ESs within the study area, spanning from 2000 to 2020. The principal conclusions are outlined as follows:
During the period 2000–2020, the rapid expansion of construction land in the study area led to a significant LUT. The result demonstrates that the mean value of intensity changed from 237.99 in 2000 to 238.92 in 2020. In particular, the high intensity of LUT is mainly distributed around the Dongting Lake Basin, while the low intensity is mainly distributed in the mountainous areas at the edge of the area. Additionally, the dynamics of LUT changed from 5.58 in 2000–2010 to 5.62 in 2010–2020. Among them, the high dynamics in 2000–2010 were mainly distributed in the coastal areas in the northeastern part of Dongting Lake and urban construction areas. On the other hand, the high dynamics in 2010–2020 were mainly located on the outskirts of cities and rural areas.
Different types of ecosystem services displayed spatial and temporal heterogeneity. To be specific, carbon sequestration services, habitat quality services, and soil conservation have similar spatial characteristics, and the high values are primarily distributed in high-elevation mountain areas. In contrast, food production services presented the opposite features, with high values mainly distributed in plain areas. Soil conservation declined first and then ascended. The low value of water services is related to the distribution of watersheds.
There are differences in the factors that influence ecosystem services in different periods. Compared with 2010–2020, NDVI coefficients had the largest value of change in 2000–2010 and the strongest impact on ecosystem services. Notably, the high values in 2000–2010 converge on the west side of Dongting Lake, while the high-value areas in 2010–2020 are scattered all over the research area. Furthermore, LUI and LUD had more grids with high values in 2000–2010, but the number of grids with high values decreased in 2010–2020. The NLI has a higher impact coefficient in the high-value range of 2000–2010 compared to 2010–2020. However, GDP and POP have the smallest coefficients, implying that they have the lowest explanatory validity compared to other impact factors. The findings have significant implications for understanding the relationship and evolutionary processes between land use transition and ecosystem services.
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‘The nighttime light data (NTL) is sourced from the Defense Metcorological
Satellite Program Operational Line Scan System (DMSP/OLS), offering a
spatial resolution of 1 km x 1 km. Population density datasets for the years
2000, 2010, and 2020 are accessible under the Creative Commons
Attribution 4.0 International License, also with a spatial resolution of

1 km x 1 km (Wang et al., 2023b)

The population density datasets for 2000, 2010, and 2020 are accessible
under the Creative Commons Attribution 4.0 International License at a
spatial resolution of 1 km x 1 km (Wang et al,, 2023a)

Gross domestic product (GDP), as an essential and comprehensive
statistical indicator in the accounting system, shows the rate of economic
development in China. It is an indicator that measures the results of
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for 2000, 2010, and 2020 is 1 km x 1 km

‘The study focused on major food types, including cereals, sugar crops, oil
crops, meat, milk, and fruits

Land use data were primarily used for the habitat quality calculations
derived from the inVEST Habitat Quality Module

Primarily utilized as references for carbon density data across different
carbon pools

Derivation of the inVEST water production module

‘The soil data resolution is 1000 m, and the terrain ASTER GDEM data
resolution is 30 m

Spatial resolution of 30 m (2000-2020)

Source of data

Data are provided by the Institute of Geographic Sciences and Natural
Resources (IGSNRR), the Centre for Environmental Sciences and Data,
Chinese Academy of Sciences (CAS), accessible at hitps://www.resdc.cn

‘Taken from ORNL LandScan Viewer—Oak Ridge National Laboratory
(landscan.ornlgov)

Retrieved from the Center for Resource and Environmental Sciences and
Data, Institute of Geographic Sciences and Natural Resources, Chinese
Academy of Sciences, available at hitps://wwiw.resde.cn

Data was sourced from the China Statistical Yearbook (2001-2021) and
China Rural Statistical Yearbook (2001-2021), and information on the
caloric composition of various foods was obtained from the U.S.
agricultural databases and related studies (Cao et al.,, 2021b)

Habitat quality-related parameter settings are taken from the existing
literature (Wentland et al., 2020)

Data were mainly obtained from the literature (Wang et al., 2018; Zhou
et al., 2020; Buckley Biggs, 2022))

Precipitation data are sourced from the annual spatial precipitation
interpolation dataset of China since 2000, available at http://wiw.resdc.cn/
data.aspx?DATAID=229. Potential evapotranspiration data are obtained
from World Climate, accessible at https://www.worldclim.org/data/
worldclim21.html. Watershed and sub-basin boundary data are derived
from the Chinese watershed and river network extraction dataset based on
DEM, retrievable from htp://www.resdc.cn/DOl/doi.aspxtDOTid=44

National Cryosphere Desert Data Centre can be accessed at https://wwiw.
nedeac.cn, while the Geospatial Data Cloud is available at htp://wiw.
gscloud.cn

‘The dataset was provided by the ESA CCI Land Cover Project (https://
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