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Abstract: The composition and pattern of ecosystems are important factors determining the overall 

status and spatial differences of ecosystem service functions. However, under the background of 

differential land policies and ecological protection policies, research on the trend of ecological 

system pattern changes in the Fenhe River Basin is insufficient. Taking the upper and middle 

reaches of the Fenhe River Basin as the study area, based on long-term NDVI index and multi-period 

LUCC remote sensing images, this study used spatial statistics and time trend analysis methods to 

analyze the spatio-temporal dynamic changes of vegetation, land use, landscape pattern, and 

explored the impact of major driving factors on ecosystem changes. The results show that: (1) From 

2010 to 2020, the vegetation cover in the upper and middle reaches of the Fenhe River Basin 

increased, with an annual NDVI increment of 0.003 (P<0.001). NDVI showed an increasing trend 

spatially, with significant statistics (P<0.001) and significant changes (P<0.05) in vegetation in high-

altitude mountain areas, and the vegetation cover was mostly forests or grasslands. There was no 

significant change in vegetation cover in the low-lying urban agglomeration area. (2) From 2010 to 

2020, the area of water bodies or wetlands in the study area significantly decreased, with 51.3% 

converted to arable land and 33.9% transferred to construction land, while only 2.2% remained as 

water bodies or wetlands. From 2015 to 2020, the trend of water body changes slowed down, with 

the proportions of conversion to arable land and construction land being 44.0% and 18.4% 

respectively, while the area of wetlands or water bodies remained at 16.3%. During the period of 

2015-2020, the area of water bodies or wetlands converted to other land types increased by more 

than 14% compared to 2010-2015. This proportion reached more than 30% compared to the 13th 

Five-year Plan Period. (3) From 2010 to 2020, the spatial changes of landscape diversity (SHDI) and 

evenness (SHEI) of LUCC showed heterogeneous characteristics. In the high-altitude areas near the 

river basin boundary, the values of SHDI and SHEI were below 1.0. While in the low-altitude plain 

areas and urban areas with relatively frequent human activities, the values of SHDI and SHEI were 

above 1.0, and the values in urban areas could reach above 1.5. The evolution of ecosystem patterns 

in the upper and middle reaches of the Fenhe River Basin in the past decade has been clarified, 

providing a scientific basis for the construction and management of ecological environment 

governance and restoration projects in the Fenhe River Basin, and providing practical references for 

ecological protection and high-quality development practice in the Yellow River Basin. 

Keywords: Land use/cover; Ecosystem; Dynamic changes; Upper and middle reaches of the Fenhe 

River Basin; NDVI; Spatio-temporal evolution 

 

1. Introduction 

The composition and pattern of ecosystem refers to its types, numbers, spatial distribution, and 

configuration of the constituent units of ecosystems, reflecting the spatial distribution patterns and 
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spatial structural relationships of various ecosystems [1–3]. The dynamics of ecosystem spatial 

patterns are closely linked to land use/land cover changes. The land use/land cover (LULC) pattern 

is a spatial arrangement and combination of various LULC types and represents the heterogeneity 

[4,5]. Reasonable LULC changes can generate positive ecological environmental effects, while 

excessive development of ecosystems can lead to desertification, vegetation degradation, and 

reduction of water areas, among other ecological environmental problems [6–9]. Landscape pattern 

mainly focuses on the analysis of landscape heterogeneity and the dynamics, and the landscape 

pattern index can quantitatively describe the changes of landscape pattern [10–13]. Therefore, 

studying the changes in land use/land cover and landscape patterns in a basin are crucial for 

understanding the changes of the ecological environment in the basin. Previous related studies 

mainly include using remote sensing to obtain spatial distribution changes of land use [14–17], the 

impact of land use changes on ecosystem services [18–21], scenario simulation of land use changes 

[22–25], as well as their potential impacts on ecosystems [26–28]. 

In recent years, China has implemented policies for the protection and restoration of river basin 

ecosystems. The impact of these ecological policies and projects on the ecological environment has 

become a hot topic of concern for scholars. Zhang et al. pointed out that due to the implementation 

of wetland conservation measures, the landscape types in the Yellow River Delta wetland changed 

little from 2006 to 2018, with relatively balanced spatial distribution. GDP, population, precipitation, 

and temperature were the main reasons for changes in soil use types in the Yellow River Delta 

wetland [29]. Yu et al. analyzed the spatiotemporal changes of ecosystem services in Xin’anjiang 

River Basin and found that the implementation of ecological compensation policies played a positive 

role in hydrological regulation functions, and the value of ecosystem services showed significant 

spatial variations [30]. De Alban et al. studied LUCC dynamics in the Tanintharyi Region (Myanmar), 

and identified a regime shift from a forest-oriented state to an agricultural-oriented state. The results 

showed that the government policies and foreign direct investment enabling the establishment of 

large-scale agro-industrial concessions reinforced the new agriculture-oriented regime and 

prevented reversion to the original forest-dominated regime [31]. Xiong et al. used a transition matrix, 

linear regression and partial correlation to analyze the change and trend of land use and vegetation 

cover in the Three Gorges Reservoir (TGR) intervening basin, but the climate change, ecological 

restoration measures, urbanization and reservoir impoundment did not significantly change the 

spatial distribution pattern of land use and the climate driving mechanism of vegetation growth in 

the TGR intervening basin [32]. Bufebo and Elias investigated land use/land cover changes using 

remote sensing data to determine the drivers and consequences of land use/land cover changes in 

Shenkolla watershed, south central Ethiopia. The results showed that agricultural expansion, policy 

change and social unrest, population pressure, shortage of farm land, and biophysical factors were 

major driving forces of the LU/LC changes [33]. Previous studies have mostly focused on the 

evolution of river basins, lacking comprehensive research on the overall ecological quality 

characteristics and changes of river basins. In addition, how to implement differentiated land and 

ecological protection policies based on regional characteristics is a key issue, but there is scarce of 

relevant quantitative research. 

The Fenhe River Basin is located in the middle reaches of the Yellow River and is an important 

ecological functional area, densely populated area, grain and cotton production area, and 

economically developed area in Shanxi Province. With the ecological protection and high-quality 

development of the Yellow River Basin becoming a national strategy, the Fenhe River, as the second 

largest tributary of the Yellow River, and the changes in its ecological pattern and driving factors are 

also important components of the ecological protection and high-quality development of the Yellow 

River Basin [34,35]. In 2020, the Ministry of Finance issued the Whole Yellow River Basin Pilot 

Implementation Plan to support for Guiding the Establishment of Horizontal Ecological 

Compensation Mechanisms in the basin [36]. Thus, the water quality in the Fenhe River Basin, which 

was severely polluted in the past, had been greatly improved. Nowadays, the water quality are stable 

that alter the ecological system pattern and water quality, and consequently impact the sustainable 

development of the regional economy and ecological environment. Therefore, based on land 
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cover/ecosystem type data, this study takes the upper and middle reaches of the Fen River Basin as 

an example to explore the dynamic characteristics of the ecological system pattern from 2010 to 2020. 

It also examines the driving factors in combination with regional socio-economic factors and 

ecological security concepts. The aim is to provide scientific basis for the planning, construction, and 

management of ecological environmental governance and restoration projects in the Fenhe River 

Basin, and to provide application references for ecological protection and high-quality development 

practices in the Yellow River Basin. 

2. Materials and Methods 

2.1. Description of Study Area  

The Fenhe River Basin is located in the central part of Shanxi Province (110°-113°E, 35°-39°N), 

flowing through 29 counties (districts) in 6 cities including Xinzhou, Taiyuan, Lvliang, Jinzhong, 

Linfen, and Yuncheng. It has a total length of 713 kilometers and a basin area of 39,721 square 

kilometers. The terrain in the basin generally slopes from the river valley to the east and west, and 

the elevation increases from south to north. The land cover types in the basin are diverse, mainly 

consisting of cultivated land in the Fenhe River valley, grassland, forests, and shrublands in the 

mountains and hills on both sides of the basin. The urban built-up area also accounts for a 

considerable proportion, mainly distributed along the banks [37]. The Fenhe River Basin has a typical 

temperate continental semi-arid monsoon climate, with distinct four seasons. The average annual 

temperature ranges from 6 to 13 °C, and the average annual rainfall is 400 to 700 mm, with the rainy 

season accounting for 78.8% of the annual precipitation. The average annual evaporation is 2,008 mm. 

The study area is selected in the upper and middle reaches of the Fen River Basin (Figure 1). This 

region extends from the source of the Fen River at the foot of Censhan Mountain in Ningwu, to the 

Wangzhuang section in Lingshi. The basin covers an area of 26,210 km2, accounting for 25.5% of the 

total provincial area. It passes through counties and cities including Ningwu, Jingle, and Lanxian in 

Xinzhou City; Jiaocheng, Wenshui, Fenyang, Xiaoyi, and Jiaokou in Lvliang City; Yangqu, Loufan, 

Qingshui, Jiancaoping, Wanbailin, Xinghualing, Xiaodian, and Jinyuan in Taiyuan City; and Xiyang, 

Heshun, Taigu, Qi, Pingyao, Jiexiu, and Lingshi in Jinzhong City. 

 

Figure 1. Location of the up and middle stream of the Fenhe River. 

2.2. Research methods 

2.2.1. Data Sources  

Normalized Difference Vegetation Index (NDVI), which characterizes the dynamic changes in 

vegetation within the basin. NDVI remote sensing data is derived from NASA MODIS data 

(MOD13A3), with a monthly scale and a spatial resolution of 1 km. The data covers a period from 

2010 to 2020, totaling 132 data sets. 
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Land use/cover change (LUCC) remote sensing data (for the years 2010, 2015, and 2020) used to 

characterize the land cover and land use changes in the basin. This data is sourced from the Global 

Land Cover Types dataset published by the Remote Sensing Center of Tsinghua University. The 

spatial resolution of the data is 1 km. Land use types are categorized into six categories after spatial 

resampling and reclassification: Cultivated Land, Forest, Grass Land, Artificial Surfaces, Useless 

Land, and Water Wetland. 

2.2.2. Spatial Statistical Methods 

Spatial data was analyzed using ArcGIS 10.4 software and the R programming language 

platform for trend analysis and spatial overlay analysis. Trend analysis utilized the M-K Kendall 

statistical analysis with a significance level of 0.05, calculating statistical change slopes, change 

significance, and their spatial distribution. Land use transition analysis was conducted using ArcGIS 

to compute land use transition matrices, and data visualization was achieved using the R 

programming language platform. 

2.2.3. Time Trend Analysis Methods 

The trend analysis employed the non-parametric Mann-Kendall and Theil-Sen’s slope methods. 

The Mann-Kendall trend test is a non-parametric test that doesn’t require data to follow a specific 

distribution (such as Gaussian distribution), and it accommodates missing data. It is a widely used 

and practical method for trend analysis. The Theil-Sen’s slope is used to calculate the slope of the 

trend. The trend analysis was conducted using the “trend” package in the R programming language. 

2.2.4. Landscape Index Analysis 

Shannon’s Diversity Index (SHDI) was employed to reflect landscape heterogeneity. SHDI 

emphasizes the contribution of rare patch types to information. When comparing and analyzing 

diversity and heterogeneity changes in different landscapes or different time periods within the same 

landscape, SHDI serves as a sensitive indicator. Shannon’s Evenness Index (SHEI), calculated as 

SHDI divided by the maximum possible diversity given the landscape abundance, represents the 

even distribution of all patch types [38,39]. 

3. Results and Analysis 

3.1. Spatiotemporal Dynamics of NDVI in the Upper and Middle Reaches of the Fen River Basin 

Vegetation coverage, a crucial indicator for assessing surface vegetation conditions and a 

significant factor affecting soil erosion and sediment runoff, plays important roles for regional 

environmental change and monitoring studies [40,41]. A widely used and practical method for 

measuring vegetation coverage is the estimation through Normalized Difference Vegetation Index 

(NDVI). By combining remote sensing data interpretation, as depicted in the figure below (Figure 2), 

regions with NDVI ≤ 0 represent non-vegetated areas, while areas with NDVI > 0 indicate vegetated 

regions. Regarding the spatial distribution of vegetation coverage, combining the digital elevation 

model (DEM) data from Figure 1 reveal that areas with well-established vegetation coverage are 

primarily found in higher-altitude mountainous regions, whereas lower-altitude plains tend to be 

urban areas with relatively lower vegetation coverage. Analyzing the spatiotemporal changes in 

vegetation coverage over the past decade (2010–2020), there is a noticeable increasing trend in 

relatively higher average annual NDVI values (indicated by the green portion). 
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Figure 2. Spatial distribution of annual variation NDVI during Jan. 2010 and Dec. 2020. 

Throughout the period from 2010 to 2020, the monthly spatial variation of NDVI is illustrated in 

Figure 3. NDVI values are relatively higher during the summer months (June to August) and lower 

during the winter months (December, January, and February). 

 

Figure 3. Spatial distribution of monthly variation NDVI during Jan. 2010 and Dec. 2020. 

Figure 4 illustrates the changing pattern of NDVI in the study area over the past decade. The 

annual trend chart indicates a clear upward linear regression trend, with an annual NDVI increment 

of 0.003 (P < 0.001). The average monthly NDVI change over the 11 years in the upper and middle 

reaches of the Fen River Basin reveals that NDVI reaches its highest value in August (0.681) and its 

lowest value in January (0.214). 
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Figure 4. The annual and monthly variation of NDVI in study area. 

NDVI remote sensing data has a spatial resolution of 1 km. The spatial analysis of multi-year 

monthly NDVI at each grid point using the Mann-Kendall trend analysis and Sen’s slope analysis is 

shown in the figure below (Figure 5a). The overall trend of NDVI slopes is positive, indicating an 

overall increase in NDVI and enhanced vegetation coverage. However, there are areas with negative 

slopes, primarily in low-altitude regions undergoing rapid urban development. The spatiotemporal 

distribution of NDVI trends at a 1 km resolution in the upper and middle reaches of the Fen River 

Basin is displayed in Figure 5b. The spatial significance of NDVI changes is categorized into four 

classes: extremely significant (P < 0.001), significant (P < 0.05), slight change (P < 0.1), and no 

significant change (P > 0.1). Spatially, regions with extremely significant and significant changes are 

primarily located in high-altitude mountainous areas with relatively minimal human disturbance, 

where vegetation coverage is mostly forests or grasslands. Areas with no significant change are 

mainly concentrated in low-altitude urban areas. 

 

  
Figure 5. Spatial distribution of NDVI variation trend slope and significance level (from 2010 to 

2020). 

3.2. Spatiotemporal Dynamics of Land Use and Land Cover Change (LUCC)  

Urbanization stands as the most dominant force driving regional land use and land cover change 

[42]. The LUCC change structure over multiple years, along with comparisons, can reveal the 

changing characteristics of land types in this area. Particularly, the changes in wetlands or water 

bodies within the Fen River Basin are of significant concern. Figure 6 illustrates the LUCC remote 

sensing data for the upper and middle reaches of the Fen River Basin in the years 2010, 2015, and 

2020, categorized into six land types after resampling. 

The three phases of land use data reveal that forests dominate in high-altitude mountainous 

regions, while low-altitude areas are predominantly cultivated land. The results show that in 2010, 

cultivated land and forests accounted for the largest proportions, at approximately 43.0% and 43.2% 

of the total area, respectively. Water bodies or wetlands covered about 4.2% of the area. In 2015, the 

land use structure displayed that cultivated land and forests still constituted the largest proportions, 

a variation trend                         b significance testing 
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at about 35.1% and 31.3% of the total area, respectively. Grassland, compared to 2010, increased from 

7.6% to 28.7% of the area. However, water bodies or wetlands significantly decreased to only 0.7%. 

In 2020, the land use structure still showed cultivated land and forests as the dominant categories, 

accounting for approximately 37.7% and 30.2% of the total area, respectively. The proportion of 

grassland decreased from 28.7% in 2015 to 24.4% in 2020. The area of water bodies or wetlands further 

decreased to only 0.3%. 

 

  
Figure 6. Spatial distribution of LUCC in the study area. 

The land use transfer percentage Sankey diagram for the years 2010-2015-2020 in the upper and 

middle reaches of the Fenhe River Basin depicts the dynamic changes in different land use types 

(Figure 7). From 2010 to 2015, water bodies or wetlands significantly decreased and were 

predominantly converted to cultivated land (51.3%), with some transforming into artificial surfaces 

(33.9%). Only a small proportion shifted to grassland or forests (2.2%), maintaining their original 

water body or wetland status. The changes in different land use types from 2015 to 2020 showed a 

significant reduction in water bodies or wetlands, mainly converting to cultivated land (44.0%) and 

artificial surfaces (18.4%). Areas that remained as wetlands or water bodies accounted for 16.3%. 

 

Figure 7. The Sankey diagram of the land use transfer percentage during the year of 2010-2015-2020. 

The changes in wetland or water body area from 2010 to 2015 are shown in Figure 8. The wetland 

or water body area significantly decreased during this period, primarily due to their conversion to 

other land types. Additionally, the study results indicate that during 2010-2015 in the upper and 

middle reaches of the Fenhe River Basin, the most significant change was the conversion of unused 

land to water bodies or wetlands, followed by the transformation of artificial surfaces to water bodies 

or wetlands, accounting for 20.24% and 1.09% of their respective areas. This suggests that during this 

period, despite human activities intensifying the development of built-up areas and previously 

unused land into water bodies or wetlands, the overall proportion of water bodies and wetlands 

        a 2010年                     b 2015年                        c 2020年 
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remained the lowest and notably decreased compared to 2010. The primary changes in water bodies 

or wetlands from 2010 were the conversion to cultivated land and artificial surfaces in 2015, 

accounting for 51.3% and 33.9%, respectively, totaling 85.2%. Grassland was the next most significant 

transition, accounting for 9.6%, and only 2.2% remained unchanged as water bodies or wetlands. 

 

Figure 8. Variation of water body or wetland area from 2010 to 2015. 

Figure 9 illustrates the changes in wetland or water body area from 2015 to 2020. The results 

show a significant reduction in wetland or water body area, mainly converting to other land types. 

However, compared to the period from 2010 to 2015, this area decreased significantly. Moreover, the 

changes in water bodies or wetlands in 2015 to cultivated land and artificial surfaces in 2020 remained 

the largest proportion, accounting for 44.0% and 18.6%, respectively (totaling 52.6%). The next 

significant transition was to grassland, accounting for 13.1%, and 16.33% remained unchanged as 

water bodies or wetlands. Compared to the 13th Five-Year Plan period, the changes in water bodies 

or wetlands to cultivated land or artificial surfaces were 51.3% and 33.9% (totaling 85.2%), a decrease 

of over 30% in recent years. 

 

Figure 9. Variation of water body or wetland area from 2015 to 2020. 

3.3. Spatiotemporal Patterns of Landscape Spatial Structure Change  

In 2010, the spatial diversity index (SHDI) of LUCC landscapes in the upper and middle reaches 

of the Fen River Basin, at a spatial resolution of 5 km, is illustrated in Figure 10a. The SHDI values in 

the high-altitude boundary areas of the basin are below 1.0, and they are close to 0 near the 

boundaries. These regions with relatively low SHDI are associated with the specific land use types of 

the areas. These higher altitude regions have a uniform land use type, resulting in lower SHDI values. 

In contrast, areas with low altitudes, such as plains and urban regions with higher human activity, 

exhibit higher SHDI values, exceeding 1.0, with urban areas reaching over 1.5. This indicates a higher 

landscape diversity in these areas, with no dominant land use type. In 2015, the SHDI values in the 

high-altitude boundary areas remained below 1.0, and they were near 0 (Figure 10b). Similar to 2010, 

the regions with lower SHDI were related to specific land use types in these areas, where the higher 
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altitude regions have uniform land use types. Compared to 2010, in 2015, the regions with relatively 

high SHDI exhibited a tendency to radiate from urban clusters towards the surrounding areas, 

particularly with a northward shift (Figure 10b). The regions with high SHDI, indicative of significant 

human activity in urban areas in 2010, generally decreased in 2015, suggesting a gradual 

homogenization of land use types in urban areas. The spatial shift of SHDI towards the north implies 

that during 2010-2015, the originally relatively homogeneous land use types in the northern areas 

diversified, possibly due to frequent human activities and economic and social development leading 

to more open land use changes. In 2020, the SHDI values in the high-altitude boundary areas 

remained below 1.0, and they were near 0 (Figure 10c). Similar to previous years, these regions with 

relatively low SHDI were related to specific land use types, higher altitudes, and uniform land use 

types. Compared to 2015, in 2020, the regions with relatively high SHDI exhibited a tendency to 

cluster in the south (Figure 10c), indicating an increase in landscape uniformity due to human activity 

impacts on LUCC. The regions with lower SHDI values in urban areas with significant human 

activity in 2015 saw minimal changes in 2020, suggesting a maintained land use type uniformity. The 

spatial shift of SHDI towards the south implies that during 2015-2020, the originally relatively diverse 

land use types in the southern areas gradually became more uniform, likely due to increased human 

activities and the resultant land use changes. Overall, the spatial distribution of SHDI for LUCC 

landscapes showed higher values in the northern parts and lower values in the southern parts, with 

significant influences from urbanization and human activities on LUCC landscapes. 

 

 
Figure 10. Spatial distribution of SHDI from 2010 to 2020. 

During the period from 2010 to 2015, areas with relatively higher SHDI were predominantly 

located in the northern region and a small portion in the far southern region. This indicates an 

enhancement in land use and land cover (LUCC) type diversity in these regions. However, the SHDI 

values in urban areas and the central part of the watershed, as shown in Figure 11a, experienced 

negative changes. This suggests that in regions with higher human population density, the diversity 

of LUCC landscape types decreased significantly. This phenomenon can be attributed to the 

homogenization of LUCC types in urban areas after scaling up urbanization, leading to relatively 

minor changes. Therefore, during the period from 2010 to 2015, the spatial distribution of the 

Shannon Diversity Index (SHDI) for LUCC landscapes was higher in the northern region and lower 

in the southern region, with significant impacts from urbanization and human activities, particularly 

in the central part of the watershed. From 2015 to 2020, the areas experiencing a reduction in LUCC 

landscape diversity covered almost the entire watershed, as illustrated in Figure 11b. This indicates 

that over the past five years, human activities have exerted a more intensive influence on land use 

and land cover types throughout the watershed. Only a small region in the southern part of the 

watershed saw a slight increase in LUCC diversity, suggesting an increase in land type diversity in 

these areas. Additionally, the SHDI in the eastern part of the watershed exhibited a noticeable 

decrease, signifying a gradual eastward expansion of human activities. Hence, the spatial reduction 

in LUCC landscape diversity in the study area from 2015 to 2020 is evident, with only a slight increase 

           a 2010年                      b 2015年                     c 2020年 
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observed in the southern part of the watershed. This decrease in LUCC landscape diversity is also 

apparent in the eastern part of the watershed, indicating a trend of eastward human activity 

expansion. Overall, from 2010 to 2020, the spatial changes in LUCC landscape diversity were 

heterogeneous (Figure 11c). Areas with significant reductions in diversity were mainly concentrated 

in the central part of the watershed, where urbanization and human activities were most intensive. 

In contrast, the changes in LUCC diversity were relatively minor in the northern and southern regions 

of the watershed. In summary, the reduction in LUCC landscape diversity in spatial distribution 

during the period from 2010 to 2020 was primarily driven by urbanization processes radiating 

outward from urban centers, resulting in a homogenization of land use types and a decrease in 

diversity. This highlights the significant impact of human activities on LUCC landscapes. 

 

 
Figure 11. Spatial distribution of LUCC SHDI variation from 2010 to 2020. 

In the year 2010, the Land Use and Land Cover (LUCC) landscape in the upper and middle 

reaches of the Fen River Basin at a spatial resolution of 5 kilometers exhibited the SHEI as shown in 

Figure 12a. In the high-altitude regions near the basin’s boundary, the SHEI values were below 1.0, 

and in areas close to the boundary, they were essentially around 0. These areas with relatively lower 

SHEI values were associated with the classification of land use types in their respective regions. This 

indicated the presence of dominant land cover types in these areas, leading to a lack of uniformity in 

land use types and a noticeable dominance of a specific type. In contrast, the SHEI values were higher 

in the low-altitude plain urban areas and regions with relatively frequent human activities. In these 

areas, the SHEI values were all above 1.0, and in urban areas, they could even exceed 1.5. This 

indicated a high degree of uniformity in LUCC in these regions, without any significant dominant 

land use types. Compared to the year 2010, areas with relatively higher Shannon Diversity Index 

(SHDI) values in 2015 exhibited a spatial trend radiating from urban clusters toward the surrounding 

areas, especially showing a northward shift, as depicted in Figure 12b. In 2010, areas with low SHEI 

values, indicating relatively high human activity disturbance in urban areas, generally increased in 

2015. This suggested a gradual homogenization of land use types in urban areas, with one dominant 

land cover type becoming prevalent. Furthermore, the SHEI values shifted significantly northward 

spatially, indicating that from 2010 to 2015, the originally relatively uniform land use types in the 

northern region gradually became more diverse. This could be related to frequent human activities 

and land use opening associated with economic and social development, overall increasing the 

uniformity of LUCC landscapes. In comparison to 2015, areas with relatively higher SHEI values in 

2020 exhibited a spatial trend of clustering and shifting southward, as shown in Figure 12c. This 

indicated an increase in LUCC landscape uniformity in these areas, closely related to the impact of 

human activity disturbance on LUCC. In 2015, areas with low SHEI values, indicating relatively high 

human activity disturbance in urban areas, did not change significantly in 2020. This suggested a 

continuation of land use type homogenization and poor uniformity in urban areas. However, the 

SHEI values shifted southward spatially, indicating that from 2015 to 2020, the originally relatively 

diverse land cover in the southern region gradually became more uniform with decreasing 

uniformity. In summary, the spatial distribution of the SHEI for LUCC landscapes in the Fenhe River 

       a 2010-2015年                b 2015-2020年                c 2010-2020年 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 September 2023                   doi:10.20944/preprints202309.0530.v1

https://doi.org/10.20944/preprints202309.0530.v1


 11 

 

Basin showed relatively higher values in the northern and southern regions, while the central region 

had lower SHEI values, indicating poor uniformity in LUCC landscapes. This observed non-

uniformity was largely influenced by urbanization processes and human activities. 

 

 
Figure 12. Spatial distribution of SHEI from 2010 to 2020. 

During 2010-2015, the spatial pattern of SHEI changes is presented in Figure 13a. The results 

showed that the increased SHEI regions mainly distributed in the northern and southern regions, 

where LUCC changed significantly. The increased landscape diversity and SHEI showed no obvious 

LUCC occurred. The negative SHEI changes in the boundary and central urban areas suggested a 

more uniform and less diverse landscape, likely related to the homogenization of land use types in 

these urbanized regions. Therefore, during 2010-2015, the spatial distribution of SHEI in LUCC 

landscapes showed higher values in the northern parts and lower values in the southern parts, with 

significant influences from urbanization and human activities on LUCC landscapes. During 2015-

2020, the regions with reduced SHEI covered almost the entire basin (Figure 13b). This suggests that 

the impacts of human activities on LUCC types have intensified over the past five years, resulting in 

landscape changes occurring more frequently. Only a small area in the southern region saw a slight 

increase in landscape uniformity, indicating an increase in land use type diversity. However, a 

significant decrease in SHEI was observed in the eastern region, indicating that human activities have 

gradually extended in this direction. From 2010 to 2020, the spatial change in SHEI exhibited 

heterogeneous features (Figure 13c). The regions with significantly decreased landscape uniformity 

were mainly located in the central urban clusters, where human activities were most intense and 

frequent. The decrease in landscape uniformity was also pronounced in the eastern region. On the 

other hand, small areas in both the northern and southern parts of the basin saw a slight increase in 

landscape uniformity, corresponding to increased land use type diversity. The significant decrease 

in SHEI in the eastern region indicated the eastward extension of human activities. Overall, during 

2010-2020, the spatial changes in SHEI reflected a decrease in landscape uniformity, with 

urbanization at its core and radiating towards the periphery, resulting in a more uniform and less 

diverse LUCC landscape. This reveals a significant influence of human activities on LUCC 

landscapes. 
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Figure 13. Spatial distribution of LUCC SHEI variation from 2010 to 2020. 

4. Discussion 

The changes in ecological patterns are complex and occur over a long-term dynamic process, 

influenced by both natural and human influence factors. Natural factors determine the fundamental 

structure of regional ecosystem patterns and exert long-term effects on landscape pattern changes. 

Human activities can drive rapid changes in regional ecosystem patterns over short periods [43–45]. 

The NDVI changes in the study area from 2010 to 2020 exhibited a clear increasing trend. In different 

regions within the basin, high-altitude mountain areas showed a notable increase in NDVI, possibly 

due to limited human activity and the suitability for afforestation, resulting in an increase in forest 

area. In low-altitude urban clusters, NDVI remained relatively unchanged, primarily due to the high 

level of urbanization and developed agricultural activities in these areas, which encroached on 

substantial forest and grassland areas [46]. The seasonal trend of vegetation NDVI growth intensity 

in the Fenhe River Basin over the past 11 years followed the order of summer > autumn > spring > 

winter, in accordance with vegetation phenology. Additionally, the basin’s favorable water and 

thermal conditions during summer facilitated rapid vegetation recovery and growth, while the 

lowest vegetation survival rates in winter influenced NDVI changes. 

The three-period LUCC data from 2010 to 2020 revealed that forest dominated in high-altitude 

mountain areas, while cropland prevailed in low-altitude regions. The most prominent change 

occurred between 2015 and 2020, where previously unused land converted into water bodies or 

wetlands, and the extent of water bodies and wetlands decreased. This suggests that ecological 

restoration or construction achieved certain results during this period. Considering the context of 

basin governance, before 2015, the basin’s governance primarily focused on small-scale interventions, 

mainly involving coal mine closures, relocation of polluting enterprises, and vegetation construction 

in the main stream. These interventions were not part of large-scale land improvement projects, 

resulting in relatively weak drivers for land use changes. Since 2015, Shanxi Province government 

successively introduced projects such as the “Fenhe River Basin Ecological Restoration Plan (2015-

2030)” and the “Overall Plan for Ecological Protection and Restoration of the ‘Seven Rivers,’ with a 

Focus on the Fen River.” These projects increased the comprehensive regulation and ecological 

restoration efforts in the basin’s land and space, intensifying the impact of human activities on 

undeveloped land, and contributing to the increase in water bodies and wetlands, with the 

proportion of maintaining the original types reaching 16.33%, compared to 2.2% in the 13th Five-Year 

Plan period. This indicates a significant improvement in ecological restoration and protection. 

Additionally, to promote the basin’s sustainable development, the government has strengthened the 

construction of wetlands, protective forest belts, and landscape parks, implemented the Wanjiazhai 

Yellow River Diversion Project to divert water to the Fenhe River Basin, alleviated water demand 

pressure in the basin, and ensured a balance between resource development and ecological 

restoration. 

During the period from 2010 to 2020, the spatially decreased Landscape Spatial Diversity Index 

(SHDI) and Landscape Spatial Evenness Index (SHEI) were primarily associated with urbanization 

at their core, radiating outwards, resulting in a more uniform and less diverse land use pattern. This 
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indicates a significant impact of human activities on LUCC landscapes. Although government 

policies such as “Grain-to-Green,” “Forest Closures,” and “Afforestation” have had positive effects 

on ecological restoration, disturbances caused by urbanization and agricultural development still 

persist, and there is a trend of expansion towards the eastern region of the study area. Therefore, 

there is a need to enhance the maintenance and improvement of natural ecosystem connectivity, 

continue strengthening the protection and construction of the basin’s ecological environment during 

the urbanization process, establish timely ecological compensation mechanisms, and minimize the 

impact of human activities on the basin’s ecosystem. 

5. Conclusion 

From 2010 to 2020, there was an increase in vegetation cover in the upper and middle reaches of 

the Fenhe River Basin, with an annual NDVI increment of 0.003 (P<0.001). Spatially, there was a trend 

of increased NDVI, indicating an overall increase in vegetation cover. Areas with decreased 

vegetation were primarily observed in low-altitude rapidly urbanizing regions. Vegetation changes 

in high-altitude mountain areas were highly significant and statistically significant. The vegetation 

cover in these areas mainly consisted of forests or grasslands, while areas with no significant changes 

were concentrated in low-altitude urban clusters. 

The land use data from 2010 to 2020 indicated a significant decrease in water body or wetland 

areas. Conversion from water bodies or wetlands to other land types, mainly cropland and partially 

construction land, was prominent. The proportion of water bodies or wetlands maintained a very 

low level. The trend of water body or wetland area change relatively slowed down between 2015 and 

2020, but the overall proportion continued to decrease. The area conversion from water bodies or 

wetlands to other land types decreased by over 14% from 2015 to 2020 compared to 2010-2015. This 

proportion increased by over 30% compared to the 13th Five-Year Plan period. 

From 2010 to 2020, the spatial changes in Landscape Spatial Diversity Index (LUCC) and 

Landscape Spatial Evenness Index (LSEC) exhibited heterogeneous characteristics. Areas with 

significantly reduced LUCC diversity were mainly concentrated in the central part of the basin, where 

urban clusters or areas with intensive human activities were present. The reduction in diversity was 

also prominent in the eastern part of the basin. Human activities, centered around urbanization 

processes, radiated outward, impacting the surrounding land use cover types, leading to a trend of 

uniformity and decreased diversity in land use cover types. The spatial changes in LUCC landscapes 

highlighted the significant impact of human activities on land cover patterns. 
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