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Background and objectives: Land use and land cover change (LULCC) directly affects the human living environment and economic society by influencing ecosystem services. This study explores the complex relationship between LULCC and ecosystem services in the Dongting Lake region of China.
Methods: The analysis incorporates the transfer matrix analysis of LULCC, ecosystem service value (ESV) accounting, Mann–Kendall mutation test, gray correlation, and path analysis. This study explored the spatial and temporal characteristics of LULCC and ecosystem services and revealed the comprehensive impacts of LULCC on ecosystem services from the perspective of factor interactions.
Findings: The findings reveal that open water (OW) area and farmable land are the dominant land use types transferring in and out of the study area, with significant interconversion observed among open water area, wetland (WL), arable land (AL), and forest land (FL). Water conservation, waste disposal, climate regulation, and biodiversity conservation emerge as the most crucial ecosystem services in the study area. The study identifies consistent patterns of abrupt changes in LULCC and ESV across six analyzed time periods. Forest land exhibits the most substantial direct influence on climate regulation, gas exchange, soil formation and protection, conservation of biodiversity, raw materials, and recreation and leisure. Additionally, forest land, wetland, arable land, and open water area contribute significantly to the total ESV, with forest land being the dominant factor influencing the spatial differentiation of ecosystem services in the Dongting Lake region.
Conclusion: The research reveals the consistency of ecosystem services and LULCC trends in the Dongting Lake area. LULCC is a complex process influenced by multiple factors, in which the conversion between ecological and non-ecological land use has a significant impact, and the complex coupling and coordination among LULCC drivers together influence ecosystem services. Furthermore, LULCC alters the structure and scale of ecosystems, resulting in alterations in the ESV.
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1 INTRODUCTION
Land use and land cover change (LULCC) is a critical aspect of global ecological change (Munthali et al., 2020), resulting from both natural processes and anthropogenic activities (He et al., 2019; Niu and Jiang, 2021). It is one of the most significant impacts of human activities on ecosystem services (Li et al., 2018; Liu et al., 2019; Dar and Dar, 2024). The escalating conflict between growing demands and resource availability necessitates the integration of ecosystem service functions and land use planning to foster sustainable regional development and ecological environment conservation (Yin et al., 2018). LULCC has garnered significant attention due to its profound impact on ecological dynamics (Esfandeh et al., 2021; Li et al., 2023).
Studies on the LULCC have primarily focused on the processes, mechanisms, and future trends (Dar et al., 2020; Shang et al., 2024). The ecosystem service value (ESV) encompasses the diverse environmental conditions and services provided by ecosystems, which directly or indirectly sustain human wellbeing through their structures, processes, and functions (Yin et al., 2018). LULCC alters the ecosystems hosted by land, consequently impacting the service functions they provide (Bai et al., 2017). As a result, the ESV changes (Fu and Zhang, 2014; Aimaitikali Wumaieraili, 2021; Gascoigne et al., 2011; Wang et al., 2022). There has been extensive research on the influences of LULCC on the ESV at local and global levels, primarily focusing on the influence of land use types, spatial patterns, and temporal changes on ecosystem services at various scales (Radford and James, 2013; Islam et al., 2015; Mengistie et al., 2018), including forest land (FL) (Kassun et al., 2024), arable land (AL) (Panwar et al., 2022), and wetland (WL) (Rashid et al., 2022) ecosystems. A range of research methods were used, including land use transition analysis (Liu et al., 2023), hot spot analysis (Guo et al., 2019), choice experiment-based approaches (Shi et al., 2016), remote sensing technology analysis (Yang, 2015), and improved hybrid frog-jumping algorithms (Guo et al., 2016). However, there are considerable variations in the quantitative changes of different land use types, the spatial attributes of LULCC, and the impact of land use intensity on ecosystem services. The relationship between LULCC and ecosystem services exhibits spatial and temporal complexity. There are relatively few studies on the deep and complex relationships between LULCC and the factors influencing ecosystem services, and studying the value of ecosystem services under LULCC is crucial for understanding the impact of anthropogenic activities on ecosystems and promoting a harmonious relationship between humans and nature (Santos-Martin et al., 2019).
In this paper, the area of Dongting Lake serves as an important case study due to its unique ecological characteristics and significant variations in land use over the past three decades. By analyzing these factors and their interactions, the results of this study will contribute to an in-depth understanding of the complex relationship between LULCC and ecosystem services and offer practical guidance for sustainable land use planning and ecosystem management in the region. Therefore, the study intends to explore the impact of the spatial and temporal factors associated with land use dynamics on variations in ecosystem services from 1990 to 2020 in the area of Dongting Lake. The results of the study will provide an important reference for realizing the synergistic optimization of ESV and further revealing the interactive response mechanism of LULCC and ecosystem services, which will help guide the policy formulation of ecological protection and land use planning and management.
2 MATERIALS AND METHODS
2.1 Study area
The present study focuses on the Dongting Lake region on the south bank of the Jing River in the middle reaches of the Yangtze River. Geographically, it spans from 110°40′E to 113°10′E and 28°30′N to 30°20′N (Figure 1). The region experiences an average annual temperature ranging from 16.4°C to 17°C, a frost-free period lasting between 258 and 275 days, and annual rainfall ranging from 1,100 to 1,400 mm. The area of Dongting Lake holds significant importance in China’s national ecological function zoning, is the key area of the national green development strategy of the Yangtze River Basin, and bears the major mission of regional ecological security. It is classified as a critical area for biodiversity conservation, a high-yielding commercial grain base in the southern region, and a tertiary ecological function area for flood storage. Therefore, the area plays an essential role in maintaining the ecological balance of the region. With the increasing pressure of urbanization, the coordinated development of the economy, society, and environment in the Dongting Lake region has been the focus of attention in all sectors.
[image: Figure 1]FIGURE 1 | Spatial location of Dongting Lake and its topographic features.
2.2 Sources of data
Data utilized for the present study were obtained from a remote sensing map of the Sentinel-2 satellite of the area of Dongting Lake captured in 1990, 1995, 2000, 2005, 2010, 2015, and 2020. The data were interpreted using ENVI’ supervised classification, and the interpretation accuracy met the requirements. These images provided valuable information on the various land use types present in the Dongting Lake region, including forest land, arable land, grassland, wetland, open water (OW) area, building land, and unused land.
Furthermore, data on grain prices, sown area, and agricultural production statistics were obtained from the Hunan Statistical Yearbook published by Hunan Province and various annual statistical yearbooks of cities, counties, and districts in the province. These sources provided essential data related to agricultural activities and production within the area of study.
2.3 Analysis of LULCC using a transfer matrix
The transfer matrix is a quantitative tool used to describe LULCC within a specific area over a defined time period (Wang et al., 2017). It offers valuable insights into the structure of land use types, the extent of land use type transitions, and the direction of change (Zhang et al., 2018). In this study, we utilized the collected land use type data and used ArcGIS to overlay the land use/cover type fields from the two periods, namely, before and after the period of study. By calculating the area of each patch class in the newly generated layer, we obtained the transfer area matrix or transfer probability matrix of LULCC. This matrix facilitated the analysis of the overall process and the dynamic characteristics of LULCC in the area of Dongting Lake from 1990 to 2020 (Hu et al., 2020).
2.4 Calculation of the ESV
To calculate the ESV, we used the total system equivalent (TSE) upland equivalent factor method (Xie et al., 2015). This method involves determining the ratio between the national grain unit area production and adjusting it based on the corresponding value equivalents of vegetation cover and land cover conditions (Han et al., 2020; Wang et al., 2023), estimating the average grain yield from 1990 to 2020, obtaining the ESV coefficient of land use types in the Dongting Lake area, and calculating the total ESV of the region based on the area of the land use types and the ESV per unit area. It is important to highlight that the calculation process excluded construction land, as it typically exhibits limited ecosystem services and extremely low, or even negative, ESV (Wang et al., 2022).
To quantify the gain or loss of the ESV resulting from the transfer between different types of land, we utilized specific conversion data for each land use type (Yan et al., 2014; Liu et al., 2018). By considering these factors, we were able to assess the changes in the ESV resulting from land use transformations, thereby providing a comprehensive understanding of the impacts of LULCC on ecosystem services in the area of study. In this study, sensitivity coefficients (CS) were used to verify the robustness of the ESV results (Zhai and Li, 2022). By calculation, the sensitivity indices for the six land use types in the study area were all less than 1, with a maximum of 0.823 for forest land and a minimum of 0.658 for unused land, which indicated that the results of estimating the ESV results were valid.
2.5 Mann–Kendall change-point test
The Mann–Kendall change-point test is (Eqs 1–3) a statistical method used to identify systematic transitions from one state to another (Lei et al., 2019). When the M-K method is used to detect trend mutations, the statistic is set to the time series x1, x2, x3, … … xn, and an order column mi is constructed, with mi denoting the cumulative number of samples for xi > xj(1 ≤ j ≤ i). dk is defined as
[image: image]
The average and variance in dk are defined as
[image: image]
Assuming random independence of time series, the statistic is specified as
[image: image]
UFk represents a series that follows a standard normal distribution. Given a significance level of ɑ0, we can refer to the normal distribution (Table 1) to obtain the critical value t0. If UFk > t0, it suggests a significant trend of either increase or decrease in the series. All values of UFk together form a curve C1, which can be tested for trend using a confidence test.
TABLE 1 | Status of land use types in the area of Dongting Lake from 1990 to 2020 (hm2).
[image: Table 1]Applying the same method to the inverse series, we repeat the above calculation process and multiply the calculated value by −1 to obtain UBk. UBk is represented on the graph as curve C2. If curve C1 exceeds the confidence line, it indicates the presence of a clear trend. If the intersection of curves C1 and C2 lies between the confidence lines, this point may represent the beginning of a mutation point (Qin et al., 2005; Lei et al., 2019).
In the present study, the M-K mutation test was primarily utilized to identify trend mutation points during the period of study and analyze LULCC and ecosystem services from 1990 to 2020.
2.6 Analyzing the impact of LULCC on the ESV: gray relational and path analysis
To evaluate the influence of LULCC on ESV, this study employed a combination of gray relational analysis and path analysis. Gray relational analysis is a statistical method used to quantify the influence of factors within a system by comparing their ensemble relationships (Li et al., 2023). It ranked the correlation degrees to evaluate the influence of shifts in land use types on ecosystem services. The computational steps are determining the analytic series, dimensionless quantization of the series, calculating the correlation coefficient, calculating the degree of association, and ranking the degree of association. On the other hand, path analysis examined the degree of influence between independent variables and their direct and indirect effects on dependent variables (Kang et al., 2015; Li et al., 2023). It determined the relative importance of land use area sizes on the ESV and explored the effects of scale composition on ecosystem services. By integrating these methods, the present study provided a comprehensive examination of the impact of LULCC on the ESV, considering both the scale and transfer of LULCC.
In the path analysis, the total ESV was treated as the dependent variable, while the area of land use types served as the independent variable. The direct and indirect effects of the size composition of diverse land use types on changes in ecosystem services were analyzed by solving the path coefficients. Figure 2 represents the variable settings and initial model, with arrows indicating cause–effect relationships. The direction of the arrow represents the “effect,” and the starting point of the arrow signifies the “cause.”
[image: Figure 2]FIGURE 2 | Map of the pathways between land use and ecosystem services.
3 RESULTS
3.1 Land use type change
3.1.1 Distribution of land use types across space
The analysis of land use type data for the area of Dongting Lake from 1990 to 2020 (see Table 1) reveals that the main land use types are forest land and arable land, collectively accounting for over 82% of the area. In 2020, forest land and arable land accounted for 82.45%, the lowest proportion during the period, while in 1990, they accounted for the highest proportion at 84.35%. Forest land alone accounts for over 45.4% of the total land use type. Notably, the proportion of building land grew considerably during the period of study, rising from 1.8% in 1990 to 3.5% in 2020.
3.1.2 Land use type transitions
To analyze the transfer of land use types, the land use type maps from 1990 to 2020 were statistically superimposed, resulting in the creation of land use conversion Sankey diagrams for different periods (Figure 3). The diagrams illustrate the shifts in land use types during specific time intervals. From 1990 to 1995, there was a substantial transfer between arable land and open water area. The period from 1995 to 2000 primarily involved transfers between open water area and wetland. The years 2000–2005 and 2005–2010 witnessed frequent transfers between arable land, open water area, and building land. Wetland, open water area, and arable land were the primary types undergoing transfers from 2010 to 2015, while the years 2015–2020 experienced significant transfers of arable land and building land. The main reasons for the large-scale transfer of land use types in the Dongting Lake area are the implementation of ecological restoration projects for returning farmland to forests and grasslands, comprehensive rocky desertification control, and the development of urbanization, which have resulted in a large area of unsuitable land for returning farmland to forests and grasslands and the encroachment of lands such as mountainous dry land, meadows, and paddy fields.
[image: Figure 3]FIGURE 3 | Sankey map illustrating the area transfers of major land use types for six periods from 1990 to 2020.
To further investigate the internal transfers among land use types in the Dongting Lake region, the land use data of 1990, 1995, 2000, 2005, 2010, 2015, and 2020 were examined using the spatial analysis tool in ArcGIS. The overlay of land use data generated land use transition maps for the seven periods (Figure 4), allowing for the spatial analysis of land use transitions. Although the area proportion of each land type transformed into another is relatively small, the transfers occur frequently, and there are complex transformation relationships between open water area, wetland, and other land types.
[image: Figure 4]FIGURE 4 | Spatial distribution of LULCC in the area of Dongting Lake from 1990 to 2020.
3.2 Land use type change
3.2.1 Temporal patterns of ecosystem service changes
Based on the findings presented in Figure 5, it is evident that the ESV in the area of Dongting Lake showed a volatile trend over the years 1990, 1995, 2000, 2005, 2010, 2015, and 2020. Initially, there was a growth in value, followed by a subsequent reduction, and, finally, another increase. Among the various ecosystem service types, their relative proportions remained relatively stable from year to year. Food production consistently had the lowest share, ranging from 2.29% to 2.37% throughout the period of study. On the other hand, open water area consistently had the highest share, ranging from 21.2% to 21.47%. Regarding the contribution of various land use types to the overall ecosystem, forest land made the highest contribution, ranging from 52.22% to 53.04% during the period of study, followed by open water area, wetland, arable land, grassland, and unused land (refer to Figure 6).
[image: Figure 5]FIGURE 5 | Value of individual ecosystem services from 1990 to 2020.
[image: Figure 6]FIGURE 6 | ESV of different land use types in the area of Dongting Lake, 1990–2020.
The changes in the ESV of various land use types and the values of different ecosystem service types are depicted in Figures 7, 8, respectively. Based on Figure 7, the ESVs of arable land and grassland exhibit negative growth, except for the period 1995–2000. Similarly, forest land shows negative growth, except for 1990–1995. Open water area displays negative growth, except for 1990–1995 and 2000–2005, while wetland demonstrates positive growth, except for 1990–1995 and 2000–2005. Regarding the composition of the ecosystem service types shown in Figure 8, notable changes in growth and decline are observed in climate regulation, water conservation, and waste disposal. When examining the trend of increase and decrease in the ESV, the proportions of positive and negative increases are evenly distributed. Specifically, apart from raw materials, which consistently exhibited a “decreasing” trend, all other types displayed an “increasing–decreasing” fluctuation trend during the six time periods of the study, with no distinct pattern. Additionally, some variations exist among the different types.
[image: Figure 7]FIGURE 7 | Changes in ecosystem service values of different land types in the area of Dongting Lake, 1990–2020.
[image: Figure 8]FIGURE 8 | Changes in ecosystem service values from 1990 to 2020.
3.2.2 Spatially divergent characteristics of ecosystem change
A spatially differentiated map illustrating the changes in ecosystem service gains and losses for the six periods between 1990 and 2020 was generated (Figure 9). The map highlights that the changes in ecosystem service gains and losses are predominantly influenced by changes in land use types.
[image: Figure 9]FIGURE 9 | Changes in ecosystem service value over six periods from 1990 to 2020.
Regarding the total ESV, more counties exhibited positive growth than negative growth during the early part of the period of study. However, by late 2005, a greater number of counties experienced negative growth.
Analyzing the trends of positive and negative growth for individual ecosystem service types, significant changes were observed in Li County, Huarong County, and Yueyang County from 1990 to 1995. From 1995 to 2000, Li County exhibited substantial changes and notable differences compared to the other counties in Changde District. The overall trend remained moderate from 2000 to 2005 and 2005 to 2010. However, from 2010 to 2015 and 2015 to 2020, a larger number of counties within the region displayed significant changes.
3.3 Trends in land use and ecosystem service changes
To provide a clearer analysis of the trend changes in land use types, a study on the mutation of land use types and ecosystem services was conducted for the period 1990–2020 using the M–K method. The findings are shown in Figures 10, 11. Figure 10 illustrates the M-K trend curves (UF and UB) for forest land, arable land, building land, wetland, grassland, unused land, and open water area. The intersection points of these curves indicate the presence of mutation points in the scale series. Specifically, arable land, forest land, and building land exhibited a mutation point in 2005, while grassland, wetland, and unused land showed a mutation point in 2010, and open water area only displayed a mutation point in 2015. The results of the M–K mutation analysis of the ecosystem services are shown in Figure 11. Significant mutation points were observed for each ecosystem service. Notably, soil formation and conservation, as well as waste disposal, exhibited multiple mutation points. Analyzing the mutation trend, the types of gas exchange, soil formation and conservation, biodiversity conservation, food production, and raw materials demonstrated a significant decrease after the mutation year. Conversely, climate regulation and recreation and leisure showed an increasing trend following the mutation year. The findings from the M–K mutation analysis revealed a strong correlation between mutation points of land use and ecosystem services. The analysis indicated that mutation points were predominantly observed around 2005. However, it is important to note that the spatial variability of changes in land use contributes to distinct spatial characteristics in the changes of the affected ESV.
[image: Figure 10]FIGURE 10 | Analysis of abrupt change points in land use type change from 1990 to 2020.
[image: Figure 11]FIGURE 11 | Analysis of abrupt change points in ecosystem service changes from 1990 to 2020.
3.4 Analysis of the factors affecting land use and climate change and their impact on ecosystem services
3.4.1 Effects of land use quantity structure on ecosystem services
The composition and scale of land use types not only directly impact the ESV but also indirectly influence changes in service value through interactions. To understand the importance and influence of direct and indirect influences of land use types on the ESV, the direct and indirect path coefficients of the overall ESV and the area of land use types were calculated, and the consequences are presented in Table 2. As provided in Table 2, the largest direct effect on the total effect of ecosystem services is on forest land, with a direct coefficient of 0.567, while the indirect effects are on wetland, grassland, arable land, unused land, and open water area. The results indicate that the impact of LULCC on the ESV is not solely determined by the scale of land area but rather by the combined effect of interactions between different land use types. For the impact of land use types on the value of individual ecosystem services, Figure 12 reveals important insights. Forest land has a greater direct impact on each of the ecosystem services in the order of conservation of biodiversity, gas exchange, climate regulation, soil formation and conservation, climate regulation, and recreation and leisure, while forest land has an indirect impact on these ecosystem services through other land use types. Water conservation is mainly affected by wetland and forest lands, with direct path coefficients of 0.53 and 0.38 and total indirect path coefficients of 0.34 and 0.35, respectively. In terms of food production, the land use types with the highest direct and total indirect path coefficients vary. For waste disposal, wetland exhibits the largest direct and indirect coefficients, with values of 0.54 and 0.35, respectively.
TABLE 2 | Passage analysis of land use type on the total value of ecosystem services (TESV).
[image: Table 2][image: Figure 12]FIGURE 12 | Passage coefficients of land use and value of individual ecosystem services.
It should be noted that unused land has negative direct and indirect coefficients for ecosystem services. Overall, the indirect coefficients for all ecosystem service types are primarily positive or negative. When the sum of the two coefficients is greater than 0, it suggests that land use can overcome negative effects and promote positive effects, thereby maximizing the ESV. The determination coefficients and decision coefficients for each land use factor on ecosystem services were calculated using the direct and indirect path coefficients. The raw material type exhibited the lowest determination coefficient (R2) of 0.991, indicating the high reliability of the data and findings in this study, as evidenced by the determination coefficient and residual path coefficient (Yin et al., 2018). The p-value was 0.000, showing a statistically significant difference between ecosystem services and the influence of land use. The decision coefficients are shown in Figure 13.
[image: Figure 13]FIGURE 13 | Decision coefficients for land use and ecosystem services.
Figure 13 indicates that the decision coefficients for the total ESV are ranked as follows: forest land, wetland, arable land, open water area, building land, grassland, and unused land. Forest land, wetland, arable land, and open water area have positive decision coefficients, indicating that they make significant contributions to the total ESV, with forest land being the top influencing variable. Conversely, unused land and building land have negative decision coefficients, suggesting that they have limiting effects on the total ESV. Regarding individual ecosystem service types, FL and AL rank the highest for gas exchange and raw materials. FL and OW have the highest decision coefficients for climate regulation. WL and FL dominate in water conservation. WL and OW are key factors for soil formation and conservation, food production, and biodiversity conservation. WL and FL show significant influence on recreation and leisure. These rankings illustrate the varying influencing factors for each ecosystem service type.
3.4.2 Impact of LULCC on ecosystem services
To assess the influence of land use quantity changes on the ESV, the factors influencing land use quantity change were defined, as provided in Table 1. The gray correlation model was used to analyze the factors influencing changes in land use area for ecosystem services. This analysis determined the correlation between each factor and ecosystem service, ranked the correlation of each factor, and assessed the strength of the correlation for each factor (Figure 14).
[image: Figure 14]FIGURE 14 | Correlation coefficients of LULCC factors for different ecosystem service types.
Figure 14 reveals the correlation coefficients of LULCC factors for different ecosystem service types. The top 10 correlations influencing the ESV are as follows: arable land–unused land, open water area–building land, building land–open water area, building land–wetland, unused land–open water area, unused land–wetland, forest land–building land, forest land–unused land, wetland–building land, and arable land–building land. Examining the top 10 correlations for individual ecosystem service types, open water area–building land, arable land–building land, and building land–open water area are the most frequent changes in land use factors. These factors, specifically open water area–building land and building land–open water area, exhibit strong associations with gas exchange, water conservation, soil formation and conservation, waste disposal, conservation of biodiversity, food production, and recreation and leisure. The arable land–building land factor shows strong associations with climate regulation, water conservation, waste treatment, biodiversity conservation, food production, and recreation. Other factors with weaker influence not appearing in the top 10 rankings include arable land–grassland, forest land–forest land, forest land–grassland, grassland–arable land, grassland–forest land, grassland–grassland, wetland–forest land, wetland–open water area, wetland–wetland, arable land–wetland, grassland–open water area, unused land–forest land, and unused land–grassland.
4 DISCUSSION
The outcomes of the current study provide important insights into the relationship between LULCC and ecosystem services in the area of Dongting Lake. The analysis revealed several key findings that contribute to our understanding of the association between land use and ecosystem services in the region.
4.1 Temporal trends in land use types and ecosystem services
The changes in the ESV of different land use types and the values of different ecosystem service types are depicted in Figures 7, 8, respectively. Based on Figure 7, the ESVs of arable land and grassland exhibit negative growth, except for the period 1995–2000. Similarly, forest land shows negative growth, except for 1990–1995. Open water area displays negative growth, except for 1990–1995 and 2000–2005, while wetland demonstrates positive growth, except for 1990–1995 and 2000–2005. Compared with the results of Zeng et al. (2022), the spatial correlation between land use intensity and ecosystem services in the Dongting Lake area is consistent with the findings of the present study. Regarding the composition of ecosystem service types shown in Figure 8, notable changes in growth and decline are observed in climate regulation, water conservation, and waste disposal. When examining the trend of increase and decrease in the ESV, the proportions of positive and negative increases are evenly distributed. Specifically, apart from raw materials, which consistently exhibited a “decreasing” trend, all other types displayed an “increasing–decreasing” fluctuation trend during the six time periods of the study, with no distinct pattern. Additionally, some variations exist among the different types.
4.2 Relationship between different land use types and effects on the value of ecosystem services
Changes in land use types have a considerable effect on the provision of ecosystem services, with certain land use types playing a more prominent role than others. First, the dominant land use types in the area of Dongting Lake are arable land and forest land, which account for a significant proportion of the overall land area. This finding highlights the importance of agricultural activities and forest ecosystems in the region. The increase in construction land and wetland areas during the period of study indicates a decrease in the extent of arable land and forest land. The main factors driving these land use type transitions in the area of Dongting Lake include the return of fields to the lake, the implementation of ecological restoration projects, and urbanization development. However, it is concerning to note the significant increase in building land over the period of study. This suggests ongoing urbanization and infrastructure development, which can have adverse effects on ecosystem services and biodiversity, reflecting the serious damage to ecosystems caused by land use degradation due to anthropogenic pressures (Rashid et al., 2023). The results of the study are important for land use planning and ecosystem management in the area of Dongting Lake. They underscore the need for sustainable land use practices that prioritize the preservation and restoration of forest ecosystems, wetland, and arable land to ensure the provision of essential ecosystem services. Additionally, the findings highlight the importance of considering the spatial and temporal dynamics of LULCC and their impacts on ecosystem services when formulating land use policies and management strategies.
4.3 Factors contributing to the impact of LULCC on the value of ecosystem services
This analysis shows that LULCC is a complex interaction of various factors, and there are strong differences. Since the contribution of ecological land types, such as forest land and open water area, to ecosystem services differs significantly from that of non-ecological land types, the impact of conversion between ecological land types on ecosystem service changes is generally not significant, indicating that the characteristics of land use type conversion are dominated by ecological land and non-ecological land conversion. The analysis of the direct and indirect effects of land use types on the ESV revealed that forest land has the largest direct effect, indicating its critical role in supporting ecosystem services. Grassland and unused land were found to have significant indirect effects, highlighting the importance of considering their interactions with other land use types. The results also emphasized the complex interactions between different land use types in influencing ecosystem services, suggesting that the scale and composition of land use types are both essential factors to consider in land use planning and management.
4.4 Limitations and future research prospects
Socio-humanitarian influences were not taken into account in this study, and there are a great number of interactions between various factors, as well as the synergistic complexity of the trade-offs that exist in the ecosystem services themselves, so it is difficult to determine a comprehensive causal relationship between them, and the study also has some limitations. It is necessary to further improve the assessment methodology, increase the precision of data collection and analysis, comprehensively consider the impacts of socio-economic factors and other factors on LULCC and ecosystem services, and explore the coupling mechanism between the trade-offs of different ecosystem services and the optimization of land use so that the overall impacts of LULCC can be assessed in a more comprehensive way and more effective management strategies can be found.
5 CONCLUSION
In this study, we conducted an analysis of LULCC and the dynamics of ecosystem services in the area of Dongting Lake from 1990 to 2020. The results provide valuable insights into the relationship between land use and ecosystem services, with important implications for land use planning and ecosystem management in the region. Our analysis revealed significant changes in land use types, with arable land and forest land dominating the land use types. The proportion of building land increased over the period of study, reflecting ongoing urbanization and infrastructure development. These changes in land use types have implications for the provision of ecosystem services in the region. The temporal patterns of ecosystem service changes showed fluctuations in the value of ecosystem services over time. While the relative proportions of different ecosystem service types remained relatively stable, the contribution of different land use types to overall ecosystem services varied. Forest land emerged as a key contributor to ecosystem services, emphasizing the importance of preserving and managing forest ecosystems. The spatial analysis highlighted the divergent characteristics of ecosystem changes across the Dongting Lake region. The changes in ecosystem service gains and losses were predominantly influenced by changes in land use types. This underscores the need for targeted land use planning and management strategies to ensure the sustainable provision of ecosystem services and maintain the ecological integrity of the region. Furthermore, influencing factors such as land use structure and scale have direct and indirect effects on ecosystem services. The implications of this study for land use planning and ecosystem management are substantial.
The findings underscore the need for sustainable land use practices that prioritize the preservation and restoration of forest ecosystems, wetland, and arable land. In conclusion, this study contributes valuable insights into the dynamics of land use and ecosystem services in the area of Dongting Lake. The spatial and temporal differentiation of LULCC and ecosystem services is explored, the integrated effects of land use shifts on ecosystem services are accurately assessed, and the impact mechanisms of land use and ecosystem services are revealed from the perspective of factor interactions, which are able to better capture the holistic and integrated effects of land use shifts on ecosystem services. The findings contribute to our understanding of the complex interactions between LULCC, climate change, and ecosystem services, providing a basis for sustainable land management and environmental decision making in the region. The results highlight the importance of balancing development and environmental conservation to ensure the long-term wellbeing of both human communities and the ecosystem in the area of Dongting Lake. Additionally, considering the spatial and temporal dynamics of changes in land use and their impacts on ecosystem services is crucial in formulating effective land use policies and management strategies for land use planning and ecosystem management.
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