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Abstract

:

Analyzing the evolution of regional habitat quality is an important means to assess the impact of engineering activities on ecosystems. Taking Xiangyu in the Feng River Basin as the study area, the land use change in 1985 and 2022 was analyzed, and the habitat quality and degradation degree were evaluated by using the Integrated Assessment and Tradeoff of Ecosystem Services (InVEST) model. The results showed that from 1985 to 2022, the transfer of land use types in Xiangyu mainly occurred on dry land, bare land, forest land, and industrial land. The area of dry land and bare land converted into industrial land is 10,825.15 m2 and 249,123.09 m2, respectively, and affected by the measures of returning farmland to forest and grassland in Shaanxi Province, the area transferred to forest land reached 371,471.87 m2, mainly from dry land and bare land. The continuous expansion of industrial land led to a significant decline in habitat quality, and the areas with high habitat degradation were concentrated in forest land in a large range, which indicated that forest land was vulnerable to industrial land expansion. Land use change and human engineering activities are the main factors affecting the ecological environment, and limiting the expansion rate of industrial land is the key to protecting the ecological environment.
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1. Introduction


Under the rapid development of the social economy and the continuous interference of human engineering activities, different types of land use have changed into each other, and the ecological environment has been seriously damaged [1]. Social development depends on the ecological environment, and maintaining the integrity of the ecosystem and biodiversity is of great significance for sustainable economic and social development. Habitat quality is the most commonly used health indicator to assess the functional integrity and diversity of ecosystems [2]. The evaluation of habitat quality is an important means to solve ecological problems, protect the ecological environment, and maintain regional security and development [3]. In terrestrial ecosystems, land use type change is a critical driving force leading to biodiversity reduction, habitat fragmentation, and landscape pattern change [4,5]. Therefore, exploring the impact of regional land use change on habitat quality is significant for analyzing regional ecological environment change, formulating corresponding ecological protection policies, and rationally planning land use resources [6,7].



At present, the main methods for assessing habitat quality include the habitat suitability index (HSI) [8], the Social Value for Ecosystem Services (SolVES) [9], and the Integrated Valuation of Ecosystem Services and Tradeoffs (InVEST) [10]. Among these methods, InVEST has the most complete model function [11], and it can reflect spatial heterogeneity, temporal difference, and spatial visualization [12], which is widely used. Marta et al. modified the InVEST model to assess terrestrial habitat quality and extend it to freshwater habitats. The result can be useful to forecast the effects of management actions in river basins [13]. Lorenzo et al. applied the InVEST 3.13.0 software to evaluate the relationship between habitat quality and degradation as well as their hotspots in protected areas in Italy [14]. Yang et al. studied the impact of land use change on habitat quality in Northeast China based on the InVEST model and concluded that construction land expansion was the main factor causing habitat degradation [15]. Qi et al. used the habitat quality module of the InVEST model to evaluate the temporal and spatial variation characteristics of habitat quality along the Yellow River main stream, providing an important reference for regional ecological security management [16]. With the continuous improvement and development of the function of the InVEST model, it has been widely used in the evaluation of ecosystem service functions in different regions and scales [17,18,19]. The habitat quality assessment module in the InVEST model can effectively evaluate the evolution of regional habitat quality, analyze spatial and temporal distribution characteristics, and effectively detect changes in habitat quality and quantity over time. However, due to the different spatial and temporal scales of habitat quality analyses, previous studies mainly focused on areas with better ecological conditions [20,21]. Continuous mining in diggings leads to the weakening of the anti-interference ability of the ecosystem, a reduction in biodiversity, and the serious destruction of the ecological environment. At present, there are few studies on ecological quality assessments of small-scale watersheds with mining areas. Therefore, spatial distribution, development trend, and driving factors of ecological environment change in mining area need to be further studied.



Studies on the temporal and spatial evolution of habitat quality can assess the impact of human engineering activities on the biodiversity and complexity of ecosystems [22]. The Qinling mountain range holds a position of central hydrological significance and cultural emblematic importance within China’s geographical and cultural landscape. This mountain range is also the boundary between north and south, which plays an essential ecological role in water resource protection, water conservation, carbon fixation, and oxygen release [23,24,25]. The ecological environment health status of the northern foot of the Qinling Mountains is strongly correlated with the effectiveness of biodiversity protection and ecological civilization construction, so it is particularly significant to monitor and evaluate its ecological restoration. To evaluate the temporal and spatial variation in habitat quality in small-scale areas, this paper analyzed land use changes in the study area from 1985 to 2022 and used the InVEST to generate spatial distribution maps of habitat quality and habitat degradation in the study area. In addition, the ecological quality changes of the Xiangyu iron mining area during this period were compared and analyzed. This can provide a scientific reference for monitoring and restoring the ecological environment in a small-scale watershed.




2. Study Area


The Feng River belongs to the Weihe River system of the Yellow River Basin, and it is the primary water source for the production and living of people in Chang’an District of Xi’an City, Shaanxi Province, China [26]. According to geographical conditions, the Feng River basin can be divided into upper, middle and lower reaches. Upstream is the water source of Feng River basin. The midstream reach is from the upstream reach to Qindu Town. The lower reaches are from Qindu Town to the estuary. The study area mainly refers to the Feng River’s middle and upper reaches; the geographical range is 33°48′–34°7′ N, 108°33′–108°55′ E, and the total drainage area is 620.6 km², as shown in Figure 1. The Feng River basin belongs to the warm temperate continental monsoon climate, and it is prone to drought in spring and flood in autumn. The annual mean temperature is about 15.3 °C, the average evapotranspiration per year is about 960 mm, and the mean annual precipitation is about 676 mm, with seasonal differences and an uneven spatial distribution. There are three primary tributaries of the Feng River, namely Gaoguan Yu, Taiping Yu River, and Jue River, the study area includes Taipingyu, Gaoguanyu, and Xiangyu.




3. Data and Methods


3.1. Data Sources


Basic remote images of 1985 and 2022 were obtained from the United States Geological Survey (USGS), with less than 10% cloud cover from June to September in the summer (Table 1). The digital elevation model (DEM) adopted ALOS data, and the spatial resolution is 12.5 m. After radiation correction and geometric correction using ENVI 5.6 [27,28], visual interpretation and supervised classification were used to generate land use type in the study area. It was verified that the visual interpretation accuracy reached 87%, and the Kappa coefficient reached 0.82 and 0.85.



Dryland, bare land, and industrial land were extracted from land use using the two-classification method as input parameters of the InVEST model, which are shown in Figure 2. The 1 indicates the land use type, and 0 indicates other.




3.2. Methods


3.2.1. Land Use Change


According to the land use/cover situation and field investigation of the study area in 1985 and 2022, the land use was interpreted and classified. ArcGIS 10.7 software was used to superimpose the land use data of the two periods and obtain the land use type transfer matrix. It is a two-dimensional matrix, reflecting the status of land use transfer in the same area in different periods, which can better describe the spatial–temporal evolution process of land use. The expression of the transfer matrix [29] is shown in Formula (1),


   S  i j   =            S  11        S  12          S  21        S  22              …     S  1 n        …     S  2 n                …   …       S  n 1        S  n 2              …   …     …     S  n n              



(1)







S is the total area; n is the number of land use types before and after the transfer; i (i = 1, 2, …, n) is the category before and after the conversion; and    S  i j     is the area of land utilization from type i transfer to type j.




3.2.2. Assessment of Habitat Quality Based on the InVEST Model


The use of the InVEST model to assess habitat quality is to establish a spatial correlation between land use data and threat sources and analyze the spatial distribution of habitat quality and habitat degradation under land use change according to the sensitivity of different environments to threat sources [30,31]. The model requires an input of land use data, the distance and weight of the habitat from the threat source, and the corresponding sensitivity. The calculation formula [13] of habitat quality is shown in (2),


   Q  x j   =  H j    1 −    D  x j  z     D  x j  z  +  K z       



(2)







   Q  x j     is the habitat quality index of land cover type j at grid x;    H j    is the habitat suitability of j; k is a half-saturation constant, usually set to 0.5; z represents the normalization factor, generally set to 2.5; and    D  x j     is the degree of habitat degradation, which refers to the habitat degradation degree under the influence of stress factors, and its calculation formula is as follows [32]:


     D  x j   =   ∑   r = 1  R    ∑   y = 1    Y r         W r      ∑   r = 1  R   W r       r y   i  r x y    β x   S  j r    



(3)






   i  r x y   = 1 −      d  x y      d  r m a x       ( Linear   decay )  



(4)






   i  r x y   = exp   −     2.99    d  r m a x        d  x y     ( Exponential   attenuation )  



(5)







   D  x j     is the habitat degradation of habitat type j in grid x; R is the quantity of stress factors;    W r    is normalized threat weight of the threatening factor r;    Y r    is the grid number of stress factors;    r Y    is the stress intensity of grid y;    i  r x y     is the stress degree of stress factor r in grid y to grid x;    β X    ∈ [0, 1] is the anti-interference ability of the ecological environment (1 refers to complete accessibility);    S  j r     refers to the sensitivity of land type j to stress element r;    d  x y     is the linear distance between lattice x and y; and    d  r m a x     is the maximum range of stress factor r.



Threat source refers to the factors that destroy the ecological environment or human intervention. With reference to existing studies and data, industrial land, dry land, and bare land were selected as threat factors, and the weight, impact distance, and attenuation type of each threat source were set, respectively, as well as the sensitivity of each land use type to a threat source (Table 2 and Table 3). The relevant parameters were set based on the user guide to the InVEST Habitat Quality module, expert experience, and related literature [4,19,33,34] (details can be seen in [35]).






4. Results and Analysis


4.1. Spatiotemporal Evolution Analysis of Land Use


In 1985, the main land use types in Xiangyu were forest land, dry land, and bare land. The land use types in 2022 were mainly composed of forest land and industrial land. From the perspective of the spatial distribution of land use types in Xiangyu, the transfer of land use types mainly occurred in dry land, bare land, forest land, and industrial land (Figure 3 and Figure 4). The area of dry land, bare land, and industrial land transferred out is 265,880.68 m2, 456,869.01 m2, and 18,758.43 m2, respectively, while the area transferred in is 17,325.37 m2, 48,526.712 m2, and 376,840.08 m2. This shows that the dry land and bare land of Xiangyu have greatly decreased, while its industrial land has expanded on a large scale with the rapid development of cities and towns from 1985 to 2022. In addition, during this period, the area of forest land transferred out was 69,381.12 m2, but a total area of 371,471.87 m2 was transferred in. This illustrates that Shaanxi Province has implemented measures to return farmland to forest and grassland since 1999, and other ecological protection projects at the northern foot of the Qinling Mountains have achieved remarkable results. It can be seen from the statistical data and spatial distribution of land use that the biggest changes occur in the expansion of industrial land. Although relevant ecological protection policies have been adopted to improve the ecological status, the changes in regional habitat quality are still in need of further study due to the interference of engineering activities.




4.2. Assessment of Habitat Quality and Habitat Degradation


Based on the land use changes in Xiangyu in 1985 and 2022, the habitat quality assessment module in the InVEST model was used to evaluate the spatial and temporal evolution of habitat quality and habitat degradation in the study area over the past 37 years, as shown in Figure 5. The habitat quality index is between 0 and 1, the value close to 1 indicates good habitat quality in the region, while the value close to 0 indicates poor habitat quality in the region. It can be seen from Figure 5 that habitat quality has a spatial correlation with land use type. In 1985, the areas with low habitat quality were mainly distributed on bare land, dry land, and industrial land. However, in 2022, the expansion of industrial land to dry land and bare land was obvious, resulting in a large increase in low habitat quality. There was little change in the habitat quality of forest land, and the areas with increased habitat quality were concentrated in grassland area. Generally, compared with 1985, the average habitat quality index of the study area in 2022 showed a decreasing trend; the standard deviation increased from 0.0622 to 0.0916; and the area with low habitat quality increased from 0.02 to 0.43, showing obvious changes (Table 4).



The degree of habitat degradation indicates the degree to which land use types are stressed by stress factors, and its value is between 0 and 1. The higher the degree of habitat degradation, the higher the degree to which land use types are threatened, and it is easy to cause habitat degradation and a decline in habitat quality. The spatial distribution of habitat degradation in the study area is shown in Figure 6. It indicates that the spatial distribution pattern of habitat degradation and habitat quality was consistent. The forest land covered a large area of the study area and was the most stressed by the threatening factors. In 1985, the habitat degradation degree of bare land was significantly higher than that of the other land use types, while in 2022, a large area of bare land was converted into industrial land, and the habitat degradation degree showed a decreasing trend. Compared with 1985, the average degree of habitat degradation in the study area in 2022 decreased by 0.007, and the standard deviation changed from 0.0619 to 0.0988. The region with low habitat degradation has obviously increased, while the area with high habitat degradation did not change significantly (Table 5).




4.3. Analysis of Ecological Environment Change in Xiangyu Iron Mining Area


The Xiangyu iron mining area is located on the west slope of Caolingzi in Xiangyu, Chang’an County, Xi’an City, Shaanxi Province. The mine was open for a total of two years. The spatial distribution of habitat quality changes and habitat degradation characteristics of the region from 1985 to 2022 is shown in Figure 7. After the mining stopped and natural restoration began, the uncultivated land in the mining area was converted into forest, and the quality of the habitat in the mining area and river showed an obvious upward trend. Due to the short mining time, there was no significant change in the degree of habitat degradation. The forest land and river basin had a high degree of degradation and were vulnerable to stress factors. Human engineering activities such as mining are important causes of ecological damage. In the future, the exploitation of mineral resources should repair the ecological environment as soon as possible, and effectively carry out ecological green restoration in mines.





5. Discussion


This study took Xiangyu as the study area, analyzed the land use change from 1985 to 2022, evaluated the spatial distribution characteristics of habitat quality change and habitat degradation degree in the study area based on the InVEST model, and provided a scientific reference for improving the ecological status and maintaining ecological security in the region.



The transfer of land use types in the study area mainly occurred between dry land, bare land, forest land, and industrial land. During the period of China’s Great Leap Forward (1958–1960), to achieve industrial and agricultural production targets, a mass of human activities such as cutting down trees, digging coal, searching for mines, and resource exploitation caused serious damage to natural resources and the ecological environment. In the past 37 years, the area of dry land and bare land has decreased greatly, and the area of construction land has expanded significantly. The measures of returning farmland to forest and grassland since 1999 in Shaanxi Province and the implementation of ecological protection projects resulted in a large increase in the forest area of the study area. In recent years, to promote the construction of ecological civilization and maintain the safety of the ecological environment, remarkable results have been achieved in the protection and restoration of the ecological environment in mining areas in southern Shaanxi, especially at the northern foot of the Qinling Mountains. According to a survey, there are 112 mines in the Qinling region, of which 85 are artificially restored, 27 are naturally restored, and 83 are artificially controlled, so the ecological environment has gradually improved.



Xiangyu is located at the northern foot of the Qinling Mountains, with a forest coverage rate of more than 60%. With the continuous advancement in urban construction, land use types have changed greatly, so it is of great significance to study the impact of land use change on the ecological environment. The results of the habitat quality assessment in Xiangyu showed that the area of vulnerable habitat was significantly expanded due to the dual effects of land use change and human activities. Although a series of ecological protection projects have been undertaken in some areas of the northern foot of the Qinling Mountains, the continuous expansion of industrial land occupied t bare land and cultivated land, resulting in impaired habitat quality and threatening the habitat quality of the surrounding areas. The spatial distribution of habitat degradation in the study area indicated that from 1985 to 2022, a large area of bare land was transformed into industrial land, and the corresponding degree of habitat degradation showed a decreasing trend. However, large areas of forest land were vulnerable to stress factors, such as dry land, bare land, and industrial land. Therefore, limiting the expansion of industrial land and protecting the service function of the forest ecosystem are the important tasks of ecological environment protection in the Xiangyu region in the future.



The InVEST model has been widely used to assess ecosystem service functions, and studies on habitat quality assessments are emerging [30,35,36,37]. The spatial expression and dynamic study of regional habitat quality can be effectively realized by using the InVEST model. However, the model itself still needs to be further improved due to some issues, such as the fact that there is no uniform setting standard for the model parameters, the threat source parameters set by the relevant materials and references will cause subjective errors, and the influence range and degree of threat source will cause spatial differences in different time and regions. Therefore, in the assessment of habitat quality, parameter setting should focus on the degree of threat factors to the habitat and the cumulative influence range. Land use change and soil property evolution affect the ecological environment’s quality and spatial patterns [38,39,40]. In future studies, the effects of engineering activities on habitat quality and habitat degradation will be further explored on other scales.




6. Conclusions


Based on the InVEST model, this study evaluated the changes in habitat quality and habitat degradation in Xiangyu from 1985 to 2022. Firstly, the land use type of the study area was interpreted by remote sensing images, then the habitat quality and habitat degradation were assessed by InVEST model, and finally the ecological environment evolution and its driving factors were analyzed and studied. The conclusions are as follows:




	(1)

	
Land use change can reflect the intensity of human activities and affect habitat quality. From 1985 to 2022, the land use type of Xiangyu mainly changed from dry land and bare land to industrial land, and the characteristics of urban expansion were obvious. Under the influence of returning farmland to forest and grassland and ecological protection projects, the area of forest land in the region has increased significantly.




	(2)

	
There was a spatial correlation between habitat quality, habitat degradation degree, and the land use spatial pattern. From 1985 to 2022, the areas with low habitat quality in Xiangyu increased over a large area and were concentrated on industrial land. The areas with high habitat degradation were distributed over a wide range of forest land, indicating that forest land is vulnerable to the threat of industrial land expansion.




	(3)

	
After the natural restoration of the ecosystem, the habitat quality index of the Xiangyu mining area increased from 1985 to 2022, and the habitat degradation degree did not change significantly. In future mining processes, it is very important to make scientific and reasonable mining and ecological restoration plans for promoting environmental sustainability development.




	(4)

	
The ecological environment is prone to change under the influence of human engineering activities and land use policies. The habitat quality and habitat degradation of small watersheds with mining areas are strongly correlated with spatial distribution of land use types.
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Figure 1. Location of study area. 






Figure 1. Location of study area.
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Figure 2. Stress factors of the InVEST model input parameters ((a) dryland in 1985; (b) bare land in 1985; (c) industrial land in 1985; (d) dry land in 2022; (e) bare land in 2022; (f) industrial land in 2022). 






Figure 2. Stress factors of the InVEST model input parameters ((a) dryland in 1985; (b) bare land in 1985; (c) industrial land in 1985; (d) dry land in 2022; (e) bare land in 2022; (f) industrial land in 2022).



[image: Water 15 04046 g002]







[image: Water 15 04046 g003] 





Figure 3. Spatial distribution of land use in Xiangyu ((a) 1985; (b) 2022). The land types can be divided into forest land (FRST), grassland (PAST), dry land (AGRL), industrial land (UIUD), water area (WATR), bare land (BALD), and residential land (URLD) (same as Figure 4). 
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Figure 4. Land use type transfer from 1985 to 2022. 
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Figure 5. Habitat quality distribution from 1985 to 2022. (a) habitat quality of 1985; (b) habitat quality of 2022; (c) habitat quality change between 1985 and 2022. 
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Figure 6. Habitat degradation distribution from 1985 to 2022. (a) habitat degradation of 1985; (b) habitat degradation of 2022; (c) habitat degradation change between 1985 and 2022. 
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Figure 7. Location of Xiangyu mining area and ecological change. (a) habitat quality in 1985; (b) habitat quality in 2022; (c) habitat degradation in 1985; (d) habitat degradation in 2022. 
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Table 1. Data sources.






Table 1. Data sources.










	
	Data
	Sources





	
	Land use/land cover
	Project of land use change, ecological effect and regulation in Qinling Mountains



	
	Basin and sub-basin boundaries
	Generated by SWAT hydrologic analysis based on DEM data



	InVEST
	DEM (12.5 M)
	ALOS (https://vertex.daac.asf.alaska.edu/ (accessed on 21 March 2023))



	
	Image from 1985 (30 m)
	USGS (https://earthexplorer.usgs.gov/ (accessed on 21 March 2023)) Landsat-5TM



	
	Image from 2022 (0.5 m)
	Quickbird










 





Table 2. Stress factors and stress intensities.
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	Stress Factors
	Weight
	Maximum Influence Distance/km
	Dropoff Type





	Industrial land
	1
	2
	Linearity



	Dry land
	0.8
	1
	Linearity



	Bare land
	0.5
	4
	Exponent










 





Table 3. Sensitivity of land use types to habitat stress factors.
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	Land Use Types
	Habitat Suitability
	Industrial Land
	Dry

Land
	Bare Land





	Forest land
	1
	0.5
	0.6
	0.3



	Dry land
	0.8
	0.9
	0
	0.3



	Water area
	1
	0.8
	0.4
	0.2



	Industrial land
	0
	0
	0
	0



	Bare land
	0.6
	0.4
	0.5
	0



	Grassland
	1
	0.3
	0.5
	0.4










 





Table 4. Statistics of the habitat quality.
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Year

	
Average Habitat Quality Index

	
Standard Deviation

	
Habitat Quality Class/m2




	
Low

	
Lower

	
Medium

	
Higher

	
High






	
1985

	
0.4994

	
0.0622

	
0

	
0.02

	
0.43

	
0.50

	
0.51




	
2022

	
0.4923

	
0.0916

	
0.01

	
0.43

	
0.44

	
0.50

	
0.51











 





Table 5. Statistics of the habitat degradation.






Table 5. Statistics of the habitat degradation.





	
Year

	
Average Habitat Degradation Degree

	
Standard Deviation

	
Habitat Degradation Degree/m2




	
Low

	
Lower

	
Medium

	
Higher

	
High






	
1985

	
0.4799

	
0.0619

	
0.53

	
0.00

	
0.35

	
0.46

	
0.53




	
2022

	
0.4729

	
0.0988

	
0.01

	
0.35

	
0.45

	
0.49

	
0.53
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