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Abstract

:

Land use in traditional village clustering areas often exhibits slight dynamic changes; however, significant hidden ecological hazards may be present in local settlements. There is still a lack of dynamic ecological risk assessments for the corresponding classification-based prevention strategies and landscape ecosystem attributes’ enhancement. Based on the land-use changes, this study integrated the ecosystem structure and function to explore the characteristics of the landscape ecological risk in traditional village clustering areas. The clustering area of 24 national traditional villages in Songyang County of Lishui City in Zhejiang Province, China, served as the study region to evaluate and analyze the changes in the landscape ecological risk from 2010 to 2019. The results showed that the land-use transitions were subtle but dominated by changes from forest cultivated land, posing high risk and medium—high risk increased slowly in size. Additionally, significantly increased risks were located mainly in the boundary area of the five villages. Moreover, 22 settlements were found in the sensitive area with increased risks less than 600 m away. This assessment will provide a basis for traditional villages’ risk prevention and ecosystem protection.
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1. Introduction


1.1. Background


Traditional villages are usually villages with cultural heritages that take both material and non-material forms; these villages offer non-renewable historical, cultural, architectural, and research value [1]. In 2012, China started protecting single traditional villages, and in 2019, the protected objects expanded from single villages to village clusters, focusing on the sustainable and healthy development of contiguous villages. Traditional village cluster areas (TVCA) are delineated by Chinese local governments, according to the protection boundary of the contiguous villages with high protection values [2]. They are not administrative units but are of management significance for centralized protection and revitalization.



The term landscape emerged around the sixteenth century, referring to the natural scenery in paintings [3]. From an ecological aspect, landscapes are spatially heterogeneous geographical areas characterized by diverse interacting ecosystems, ranging from relatively natural terrestrial to human-dominated environments [4,5]. In TVCA, the landscape connects and protects each settlement’s living systems, and its sustainability is of great significance in ensuring a contiguous inheritance [6].



However, due to different land policies in China, land use in TVCA is changing at the microlevel. In some cases, due to the balance of arable land systems (BALSs) and the Low-Yield Forest Reconstruction Project, some forest land has been turned into cultivated land [7]. Other areas have benefited from the Grain-for-Green Project, leading to change from grassland to forest land [8]. These changes are usually subtle and not easy to perceive at the regional level; however, local dotted changes can easily cause major disasters for settlements, threatening the sustainable survival of traditional villages. For example, in the Su village in Lishui City of Zhejiang Province, China, satellite images starting in 2000 showed a reduction in the dotted mountain forest land at the edge of the village and the expansion of a rock exposure every year. However, the government had no scientific method of predicting ecological risk, so risk was continuously not addressed, and forest land was continuously reduced. As a result, in 2016, a geological disaster occurred, damaging the traditional environment, causing 27 deaths, and damaging 20 houses [9].



Given this background, this study addressed a core problem. Land use in TVCA exhibits slight dynamic changes, easily hiding major ecological risks in local settlements. There is a lack of scientific research on the features of this ecological risk in TVCA for prioritizing risk avoidance. An appropriate dynamic risk assessment is needed to effectively avoid damage to its ecosystems and prevent the occurrence of other derivative disasters.




1.2. Literature Review


An ecosystem is a community of living organisms in conjunction with the nonliving components of their environment, interacting as a system [10]. It has many derivative concepts. For instance, a business ecosystem centers on a firm and its environment [11]; a soil ecosystem focuses on interaction among biomass, nutrient, and water [12]. A landscape ecosystem refers to the ecosystem at the landscape scale and is a hierarchical level of the ecosystem [13]. It is defined as the community developed through the interaction between the spatial and temporal patterns and the ecological processes [14].



Landscape ecological risk (LER) refers to the possible negative impact of the interaction between landscape pattern and ecological processes [15,16], while ecological risk is defined as the probability of occurrence of an undesired ecological impact [17]. The main difference between ecological risk, which frequently assumes that systems are spatially homogeneous, and landscape ecological risk is that the latter considers the spatial patterns and heterogeneity [18]. Past studies on landscapes in traditional villages have mostly focused on tourism development and forest management [19,20,21]. They have not fully addressed ecological risk in TVCA. Additionally, existing LER models have mainly focused on the cities, rivers, and roads [22,23,24], or areas delineated as a world cultural heritage area with a high protection value [25]. As the characteristics of these risks differ from those found in traditional villages, there is still a gap in this special LER assessment.



The index method is the common method for conducting an LER assessment [24,26]. It is based on land use analysis and is constructed through the degree of landscape disturbance and fragility, using the paradigm of “multiplicative multiplication of loss and probability” to depict the spatial–temporal heterogeneity of risks. However, this method only uses the proportion of different land-use areas as the weight, leading to a lack of representation of ecological factors in risk probabilities [27]. Meanwhile, some studies have applied a “source-sink” method to evaluate specific risk sources, such as population growth and heavy metal contamination [28,29]. However, as this method is difficult to characterize the risk status of multisource stress, it reflects the comprehensive characteristics of LER in a relatively weak manner. Given the challenges associated with existing methods, the need for more feasible quantitative evaluation methods is highlighted.



In summary, this study has addressed the following knowledge gaps: (1) Identifying the characteristics of the LER in TVCA; and (2) developing a comprehensive risk assessment method that can reflect both the multisource stress and the internal changes in the traditional villages’ landscape ecosystems. Solving these gaps could lead to the development of a scientific basis for prioritizing management practices that prevent and control ecological risks in TVCA.





2. Methods


2.1. Study Area


There are 6819 national-level traditional villages in China. Most are located in mountainous areas, with abundant forest and grassland resources, and are densely distributed in Guizhou, Yunnan, Hunan, and Zhejiang [30]. The middle area of Songyang County, Lishui City, Zhejiang Province in China was selected as the study area, and 24 national-level traditional village clustering areas in 6 townships were selected as the evaluation area, covering 114.39 km2 (Figure 1). According to the hierarchical framework of ecological units [31], this size of landscape belongs to the subregion scale, referring to the county level.



Zhejiang has a high level of economic development in China and has experienced significant changes in its land use. Lishui City is the area where the forest hand has decreased the most in Zhejiang Province [7]. Songyang County is the first demonstration county for protecting and utilizing traditional villages in China. It is also the county with the fifth largest number of traditional villages in China (the county is ranked first concerning this count in Zhejiang Province). As a result, there are many areas with contiguous traditional village clusters in Songyang County, making it a typical area for research.



The study area is dominated by mid-sized mountains and hills and belongs to the subtropical monsoon climate zone, with an average annual temperature of 17.9 °C. The land use types mainly include forest land, supplemented by cultivated land. The BALS and the rewarded land conversion quotas (RLCQ) trade policy, which allow the localities with land scarcity in Zhejiang province to buy cultivated land quotas from those with plenty of land endowments [32], has led to frequent deforestation for farmland construction around traditional villages with low economic income and abundant forest land resources. It has resulted in the heterogeneity of risks, which has led to a higher need to classify the dynamic change associated with ecological risk, making the area effective for the research purpose.




2.2. Methods


The object of the LER assessment is the landscape ecosystem, as many studies have shown that land-use changes can pose risks to ecosystem structure and function at the landscape level [33,34]. Thus, we believed the land-use changes threatened the structure and function of the landscape ecosystem in the TVCA. These two attributes reflect different properties of ecosystems, which cannot replace each other and have the same importance. Thus, in conducting the comprehensive evaluation, considering the same weight of these two aspects, the formula for the LER is as follows:


LER = 0.5 ES + 0.5 EF



(1)




where LER denotes landscape ecological risk; ES denotes ecosystem structure; and EF denotes ecosystem function. The specific methods for assessing ES and EF are as follows.



2.2.1. Ecosystem Structure


Ecosystem structure includes the physical features and organisms of an environment [35,36]. In this study, we considered the ES as the environment’s physical features in horizontal space, because at the landscape scale, land-use change can pose risks to its physical stability, spatial continuity, and anti-interference, which can be represented respectively by the degree of fragmentation (DF), degree of division (DD), and dominance of landscape (DL) (an index representing the spatial balance of its patches; the higher the degree of dominance, the lower the balance and the anti-interference ability) [15]. The specific formula is as follows [37,38,39]:


  E S = a  C i  + b  N i  + c  D i   



(2)
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where Ci, Ni, and Di denote DF, DD, and DL of land use type i, respectively. These factors have different units, so they are normalized before being summed. The parameters a, b, and c denote the weight of each index, reflecting the effects of human activities on landscape ecosystems. This study evaluated these three indicators as 0.5, 0.3, 0.2, respectively, as they have been commonly assigned in previous studies [39,40]. Meanwhile, the variable ni is the number of patches in the land use type i; the patch is a piece of land with relatively homogeneous land use that differs from its surroundings; A is the total area of the whole region; aij denotes the area of the jth patchin the land use type i; and a’ij denotes the patch with the largest area in the sample area.



The grid sampling method was used to calculate ES. Existing studies have pointed out that the area of the sample unit should be 2–5 times the average patch area to effectively reflect the information on ES around sampling sites [41,42]. Therefore, in this study, the risk area division was performed using systematic sampling based on the average area of patches in the case study area. The sampling unit was 300 m × 300 m, and there was a total of 1271 quadrates (Figure 2). The software package Fragstats 4.2 was used to calculate the ES index for each quadrat. The ES value of each quadrate was set as the attribute value for its center point, and the Kriging interpolation method was used to obtain the spatial distribution of ES in the study area using the geostatistical analyst of ArcGIS 10.6.




2.2.2. Ecosystem Function


Land-use changes can pose risk to EF in terms of its carbon cycle regulation, water regulation, and air regulation, which can be represented respectively by carbon sequestration (CS), the runoff curve number (CN), and vegetation coverage (VC) [43]. As the three regulation functions are considered to be of equal importance, the formulas for calculating EF are as follows [44,45,46]:


  E F =   C S + C N + V C   / 3  



(6)
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(9)






  VC =   ∑   i = 1  n     A i   A  *  V i   



(10)




where CS is the carbon sequestration, CN is the curve number, and VC is the vegetation coverage. Within the equations, Ai is the area of land use type I, A is the total area of the whole region, Ci is the carbon density of land use type i, Cvi is the vegetation carbon density, and Csi is the soil carbon density (See Table 1 for the CS values for different types of land use). The variable CNi denotes the runoff index for land use type i, with the values listed in Table 2. The variable Vi denotes the vegetation index for land use type i, with the values listed in Table 3. The variables CS, CN, and VC have different measurement units, so they were normalized before being totaled.





2.3. Data Sources


The data on the territorial boundaries of the traditional villages in the case study area, and the locations of each settlement, were obtained from the Lishui Municipal Housing and Construction Bureau 2017. The data about new geological hazards in 2020 for the case study area were obtained from the Songyang Bureau of Land and Resources. Furthermore, the Landsat TM images, with a 10 m resolution, for the case study areas in 2010 and 2019 served as the basic data, which originated from the Resources and Environmental Data Cloud Platform (www.resdc.cn (accessed on 20 March 2020)). The land-use maps of the two years were generated through visual interpretation and field verification. The land-use types were divided into five categories: cultivated land, forest land, grassland, habitation land, and water areas. During the field verification of land-use classification in 2019, to obtain more accurate results, 120 GPS points (5 points per village) were selected from 24 villages in the case study area for on-site calibration using interviews. Regarding each GPS point, we asked the local villagers about its historical land use of 2010 and surveyed the existing land-use conditions. Based on this, we numbered the 120 GPS points and registered their land-use types in 2010 and 2019, generating a data set of survey and interview’s land-use type. Then, we extracted the land-use type of 120 points in the map through remote sensing translation and compared it with the data of survey and interview. It was found that the coincidence rate was as high as 88%, which ensured the accuracy of the land-use map.





3. Results


3.1. Spatial–Temporal Variation Characteristics of Land-Use Types


The land-use map of the study area with the 24 traditional village clusters in 2010 and 2019 is shown in Figure 3. In contrast with urban regions, there was a high proportion of nature in this area, dominated by forest (84.81%, 2019) and followed by cultivated land (13.49%, 2019). The inhabited land accounted for a very small proportion of the land area (only 0.75%, 2019). Large tracts of forest land were mainly distributed in the mid-south, while cultivated land was scattered in the middle, north-central, and southwest of the area.



The land use showed small changes from 2010 to 2019 (Figure 4). The conversion area accounted for 3.18% of the total, with a single area conversion between 0.01 and 17.3 ha. The matrix statistics of transition are shown in Table 4. The change was mainly concentrated at the junction of the borders of six villages in the eastern central area. The other conversions were scattered. From 2010 to 2019, the transition was dominated by changes from forest land to cultivated land (144.74 ha, accounting for 1.17% of forest land), followed by the conversion of grassland to forest land (42.79 ha, accounting for 22.25% of the original grassland). A very small amount of grassland was converted to cultivated land (17.76 ha, accounting for 8.98% of grassland), and there was some conversion from cultivated land to forest land (5.39 ha, accounting for 0.3% of cultivated land).




3.2. Spatial–Temporal Variability Characteristics of the LER


3.2.1. LER Calculation and Classification


After calculating the LER, the natural breakpoint method [49] was used to divide them into five grades, from low to high. After that, the spatial distribution maps associated with different ecological risk grades in 2010 and 2019 in the case study area were generated using ArcGIS 10.6 (Figure 5). Table 5 shows that the LER in the TVCA ranged between 0.13 and 0.95; more than 34.92% of the area indicated a medium or higher risk. The overall risk was relatively low, with low risk and medium-low risk playing a dominant role, accounting for 35.46% and 29.62%, respectively, in 2019. There were a few high-risk areas, accounting for only 5.5%. From the perspective of the changes between 2010 and 2019, the mean value for the LER showed no significant change (increasing from 0.28 to 0.29). However, the areas with high risk and medium-high risk increased slowly in size, at increasing rates of 3.93% and 4.28%, respectively; and the size of the areas with low-risk levels decreased, at a rate of decrease of 3.24%.



The rate of change in the LER from 2010 to 2019 ranged from −65.13% to 179.88%. In this study, the rate of change was divided into six grades from low to high (Figure 6). The risk grade in most areas remained unchanged (81.97%); in a small number of areas (2.98%), the risk was increased; and in a very small percent of areas (0.35%), the risk significantly increased. The grade distribution diagram illustrating the rates of change was generated in ArcGIS (Figure 7). Overall, the risk increased in the southern and central districts and slightly decreased in the southwest and northeast. Areas with a significant increase in risk deserve special attention and are mainly distributed in five villages: Dalingjiao, Zhushan, Diaotan, Doumiao, and Zhuanghou Village.




3.2.2. Change Characteristics of the Indexes


According to the method of calculating LER, there were six main indexes: DF, DD, DL, CS, VC, and CN. These indexes had different units. After they were normalized, the degree of variation in the mean of each index was counted (Table 6, Figure 8). The risk values for DL and VC increased the most in the case study area. This indicated that the anti-interference ability and air conditioning ability of ES in the area decreased more, and that these are indexes that require the most attention for improvements. The increased amplitudes of the risk values for DF, DD, and CS followed, indicating that the stability and the continuity of ES, and the carbon sequestration capacity were slightly decreased. As such, these three indicators can be taken as indexes of secondary needed improvement. Meanwhile, the CN showed no significant change, indicating that there was no significant change in the risk associated with the water regulation function.





3.3. Ecological Risk Identification of Settlement Area


There were 34 traditional village settlements in the study area. Settlements were considered to be sensitive to areas with increased ecological risks less than 600 m away [29]. In these ranges, they were vulnerable to the direct influence of ecological disasters. Given this, ArcGIS 10.6 was used to delimit the ecologically sensitive area within 600 m around the area with increased ecological risk. After calculation (Figure 9), we found 22 settlements in this sensitive area, accounting for 70.59% of all settlements. These residential areas were considered to be vulnerable to ecological disasters and would benefit from the prevention and control of ecological risks. They were distributed in 16 traditional administrative villages. Of these, Zhupen and Doumiao Village were the villages with the most settlements in the ecologically sensitive areas and can be considered key administrative villages for risk prevention and control.




3.4. Validation for the LER


Increased ecological risks can lead to the increase of natural disasters [50,51]. Therefore, in the study, the accuracy of the dynamic ecological risk assessment was verified through the dynamic monitoring of the actual locations for additional natural disasters after the termination year (2019). Specifically, based on the map of the spatial pattern of the grade of ecological risk change, the locations of geological hazards in 2020 were superimposed as a test (Figure 10). We discovered that the 16 newly added small-scale geological hazard points were close to the area with increased risk evaluated by this research, between 86 and 832 m. Among them, 14 geological hazard points, 87.5%, were within the sensitive range (600 m) of the increased risk area. This indicated the evaluation was accurate and that this method could effectively provide a basis for early warnings of geological hazards.





4. Discussion


4.1. Methodological Advantages of Integrating the Structure and Function of Landscape Ecosystems in Evaluation


The physical stability of ES in TVCA is important for preserving the inheritance of traditional ecological civilization. The self-regulating EF is also of significance for the development of effective sustainable ecosystems in villages. However, the existing evaluation methods, multiplied by the corresponding vulnerability coefficient based on the calculation of land use, only reflect changes in the final comprehensive ecological risk [27]. They do not separately represent the specific performance changes in ES and EF. Therefore, from the perspectives of ecosystem structure and function, this study used six indexes of DF, DD, DL, CS, VC, and CN to represent different aspects of landscape ecosystems. The indexes can measure the overall change in ecological risk after weighted summation and can separately analyze the change of each character for its ecosystem structure and function. Given this, three bases were provided for the ecological decision making and management of TVCA: (1) overall LER prevention and control; (2) differentiated index improvement in the ES and EF; and (3) the inheritance of the traditional ecological civilization and ensuring sustainable landscape ecosystems.




4.2. Causes of Differences in Risks


Comparing Figure 3; Figure 7 shows that in the areas with significantly increased risks, the conversion of land use was mainly from forest land to cultivated land. In the areas with decreased risks, the conversion was mainly from grassland to forest land. This indicated that the increase of risks in these local areas might be more strongly correlated to the conversion from forest land to cultivated land. The decrease in risks may be related to the conversion from grassland to forest land. Through further observation, we found that the areas where the risk increases or decreases mostly occur on the village boundary. This implied that this traditional village cluster has implemented different land-use strategies, especially in the village boundary area.



First, some villages have strictly followed the coordinated strategy and environment protection requirements of national-level traditional villages stipulated by the Bureau of Housing and Urban—Rural Development, keeping their land use unchanged. Second, in some villages, policy for afforestation, stipulated by the provincial forestry department, has been adopted to receive subsidies, leading to some grasslands in the mountainous areas being converted into timbered forests after 10 years of environmental cultivation. Third, some villages have had weak awareness levels related to ecological protection. Based on the need for the economic increase, these villages adopted the policies of BALS and RLCQ trade, and performed deforestation for farmland construction near the settlements, to gain extra fiscal revenue from trading out the newly added cultivated land quotas [7,52].



These results indicated that the policy differences and synergistic loopholes might be an indirect driver for the differentiation of ecological risks in the TVCA. In Eastern China, which has scarce land resources, the RLCQ trade is 360,000 yuan per mu at the municipal level in the case study area and 200,000 yuan per mu in the corresponding county. Except for the reclamation fee, villagers in the village with the newly cultivated land quotas received 600 yuan per mu [53]. However, the subsidy for afforestation in barren mountains in the case study area is only 300 yuan per mu [54], far less than the fiscal revenue from trading cultivated land quotas.



TVCA are often the areas with rich forest resources, underdeveloped economies, and low industrial vitality. Therefore, many villages have been willing to achieve economic growth through RLCQ trade and have converted forest land to farmland; however, that can easily result in non-negligible landscape ecological risks. Thus, adjustments and synergies concerning land-use policies, fiscal revenue, and different management methods are still needed for TVCA to reduce the local ecological risk.




4.3. Limitations and Future Work


When quantifying the EF, we used multiple ecological coefficient values of each land-use type. In the evaluation of county or city scale, such as this study area, these ecological coefficients are feasible to use as they are usually spatially homogeneous. However, when the assessment scale is very large, such as provincial scales, these coefficients will contain spatial differences and affect the accuracy of the results. Thus, this approach needs to be further improved when quantifying TVCA in a very large-scale region with these ecological coefficients of obvious spatial heterogeneity. Additionally, when quantifying the ES, we did include the biotic elements. Thus, future studies could further integrate more biological factors, making the evaluation of the ecosystem more complete. Finally, the potential direct and indirect causes were qualitatively discussed, but the study did not include quantitative research on the influencing factors. Thus, future studies could scientifically explore the causes and mechanisms influencing the differences in LER from multiple perspectives, including natural, geographical, economic, industrial, and social factors.





5. Conclusions


In-depth research has been conducted to dynamically assess the LER; however, for traditional villages, there has been no assessment relating to it. To fill this gap, this study provided a practical evaluative method to the scientific classification of LER in TVCA. Based on land-use changes, this study integrated ecosystem structure and function, constructing an evaluation method covering six indexes. The clustering area for the study included 24 state-level traditional villages in Songyang County of Lishui, Zhejiang Province of China, and the ecological risk assessment was conducted for the years 2010–2019.



The results showed that the land-use transition was subtle but dominated by changes from forest to cultivated land, posing high risk and medium-high risk which increased slowly in size. Additionally, significantly increased risks were located mainly in the boundary area of the five villages. Moreover, DL and VC decreased the most and are the indexes requiring the most attention for improvements. Finally, 22 settlements were found in the sensitive area with increased risks less than 600 m away. The measured areas with increased risk in the study were also highly consistent with the newly added geological hazard points after the termination of the year for monitoring. This indicated that this method was accurate and may be effective as a basis for early warnings of geological disasters.



The main contribution of this study is as follows: Firstly, the features of the LER in TVCA of the study area were explored, providing scientific value for traditional villages’ risk prevention and ecosystem protection. Secondly, the assessment method based on land-use change calculation can also be applied to other areas with traditional village clusters as a scientific basis for investigating the hidden ecological dangers.
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Figure 1. Study area. 






Figure 1. Study area.
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Figure 2. Sample unit of the study area. 






Figure 2. Sample unit of the study area.



[image: Sustainability 13 04860 g002]







[image: Sustainability 13 04860 g003 550] 





Figure 3. Land-use map of the study area in 2010 and 2019. 
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Figure 4. Change in land use in the study area from 2010 to 2019. Note: CL, cultivated land; FL, forest land; GL, grass land; HL, habitation land; CL–FL means land use from CL to FL; CL–GL means land use from CL to GL; CL–HL means land use from CL to HL; FL–CL means land use from FL to CL; FL–GL means land use from FL to GL; FL–HL means land use from FL to HL; GL–CL means land use from GL to CL; GL–FL means land use from GL to FL; GL–HL means land use from GL to HL; HL–CL means land use from HL to CL; HL–FL means land use from HL to FL; HL–GL means land use from HL to GL. 
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Figure 5. The spatial pattern of the grade of LER from 2010 to 2019. 
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Figure 6. The grade of the rate of change in the LER from 2010 to 2019. 
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Figure 7. The spatial pattern of the grade of LER change from 2010 to 2019. 
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Figure 8. The change in the indexes of average risk. 
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Figure 9. Settlements affected by ecological risk change. 
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Figure 10. The locations of geological hazards in 2020. 






Figure 10. The locations of geological hazards in 2020.



[image: Sustainability 13 04860 g010]







[image: Table] 





Table 1. Carbon density for different land-use types.
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	Cultivated Land
	Forest Land
	Grass Land
	Habitation Land
	Water





	Cv (tC ha−1)
	3.25
	28.11
	1.24
	0
	0



	CS (tC ha−1)
	98.3
	154.2
	78.8
	0
	0



	C (tC ha−1)
	101.55
	182.31
	80.04
	0
	0







Note: The study applied parameters from existing studies [47] in Zhejiang Province, where the case study area was located.
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Table 2. CN indexes for different land-use types.
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	Cultivated Land
	Forest Land
	Grass Land
	Habitation Land
	Water





	CN
	97.3
	80.6
	93.1
	100
	0







Note: The study applied parameters from existing studies [48] performed in the general case study area.
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Table 3. Vegetation indexes for different land-use types.
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	Cultivated Land
	Forest Land
	Grass Land
	Habitation Land
	Water





	V
	0.19
	0.38
	0.34
	0.09
	0







Note: The study applied parameters from existing studies [46] performed in the general case study area.
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Table 4. Transitions in percentages of the land use from 2010 to 2019 (%).






Table 4. Transitions in percentages of the land use from 2010 to 2019 (%).





	
2010

	
2019

	
Total(2010)

	
Loss

	
Net Gainin 2019

	
Changes in 2019




	
Cultivated Land

	
Forest Land

	
Grass Land

	
Water

	
Habitation Land






	
Cultivated land

	
12.364

	
0.037

	
0.005

	
0

	
0.028

	
12.43

	
0.07

	
1.06

	
8.51




	
Forest land

	
0.999

	
84.449

	
0.037

	
0

	
0.004

	
85.49

	
1.04

	
−0.68

	
−0.80




	
Grass land

	
0.119

	
0.295

	
0.88

	
0

	
0.032

	
1.33

	
0.45

	
−0.40

	
−30.26




	
Water

	
0

	
0

	
0

	
0.024

	
0

	
0.02

	
0

	
0

	
0




	
Habitation land

	
0.011

	
0.024

	
0.004

	
0

	
0.689

	
0.73

	
0.04

	
0.03

	
3.5




	
Total (2019)

	
13.49

	
84.81

	
0.93

	
0.02

	
0.75

	
100

	

	

	
8.51




	
gain

	
1.13

	
0.36

	
0.05

	
0

	
0.06

	

	

	

	
−0.80
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Table 5. Transitions in the grade of the LER from 2010 to 2019.
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Grade

	
Intervals

	
2010

	
2019

	
Rate of Increase




	
Area (ha)

	
Percentage (%)

	
Area (ha)

	
Percentage (%)






	
high

	
0.57–0.95

	
767.29

	
5.3

	
797.46

	
5.5

	
3.93%




	
medium–high

	
0.43–0.57

	
1500.15

	
10.35

	
1564.42

	
10.8

	
4.28%




	
medium

	
0.31–0.43

	
2653.09

	
18.31

	
2698.27

	
18.62

	
1.70%




	
medium–low

	
0.21–0.31

	
4259.03

	
29.39

	
4291.7

	
29.62

	
0.77%




	
low

	
0.13–0.21

	
5310.44

	
36.65

	
5138.15

	
35.46

	
−3.24%




	
total

	
0.13–0.95

	
14490

	
100

	
14,490

	
100
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Table 6. Changes in the indexes of the ER.
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	C1
	C2
	C3
	C4
	C5
	C6





	Average risk
	DF
	DD
	DL
	CS
	VC
	CN



	2010
	0.210
	0.316
	0.242
	0.070
	0.071
	0.832



	2019
	0.216
	0.308
	0.261
	0.073
	0.076
	0.833



	Change rate
	2.34%
	1.68%
	7.88%
	3.85%
	7.27%
	0.16%
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