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Abstract: Restoration action is critical to ensure a safe environment for humans. Reasonable planning
is essential to optimize the efficiency of ecological restoration inputs and outputs when implementing
restoration measures. In this study, a method that combines human activity intensity assessment
and multi-criteria decision analysis to determine ecological restoration priority (ERP) areas was
developed to identify priority and feasible areas for ecological restoration in Shaanxi Province in
2020. The results showed that the total area involved in restoration feasibility assessment in Shaanxi
is 10.89 × 104 km2. Among them, the percentage of regions with low feasibility (less than 0.2) is
68.86%, mainly located in Qinling area. High feasibility areas (more than 0.6) accounted for 2.47%,
mainly located in the Loess Plateau area of northern Shaanxi. The spatial distribution of the human
activity intensity is concentrated in urban areas and extended with the distribution of roads. In
total, 10.69% of the regions showed high and very high intensity of human activity, including the
Guanzhong urban agglomeration region. This study identified 6078 km2 and 671 km2 of medium
and high ecological restoration priority areas, which are more concentrated in the north of the study
area. The need for ecological restoration work is even more urgent in northern Shaanxi. In general,
the framework in this study has spatially located the priority and feasible areas for restoration, and
may provide a useful reference for landscape-scale spatial conservation planning.

Keywords: ecological restoration; human activity intensity; multi-criteria decision analysis; vegetation
coverage; Shaanxi

1. Introduction

In the process of rapid industrialization and urbanization, human activities have
become the main driving force to change and reshape the regional ecological environ-
ment [1,2]. The increasing effect of human interference on ecosystem structure and function
has led to many ecological problems, such as biodiversity loss, agricultural pollution,
and soil erosion, which seriously threaten regional ecological security and sustainable
development [3]. In response to the ecological problems, the Chinese government has
carried out several ecological restoration programs and achieved good results [4]. However,
ecological restoration is an ongoing effort. The constant investments in funding bring
certain financial pressure to local governments [5]. After the success of wide-scale ecologi-
cal restoration, it has become a growing consensus among policy makers that adjusting
the existing ecological restoration policies and investments to areas in urgent need of
ecological restoration is required [6,7]. Therefore, how to effectively identify ecological
restoration priority (ERP) areas and provide useful decision support for decision makers
to improve ecological restoration efficiency has become one of the focuses of ecological
restoration studies.
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Previous studies have tried some methods to identify the ERP areas. This includes
evaluating the regional ecological environment and ecological security based on land use,
ecosystem service, vegetation coverage, and other ecological indicators, and finding areas
with more fragile ecological environment or lower ecological security for priority restora-
tion [8–10]. Some other studies try to select the priority areas by using methods such as
landscape ecology theory and multi-decision criteria analysis [11–13]. Although these
studies clearly identified the level of ecological degradation and concluded that the degra-
dation areas could be restored by revegetation and other measures, the actual ecological
restoration may be difficult to achieve or costly to implement. Because these areas may
be located in inaccessible locations, and revegetation may be difficult or impossible [5,14].
Meanwhile, most studies do not consider the socio-economic needs of human beings, such
as settlements and cultivation areas [15]. Counties and cities in these studies are replaced
with points, which fails to consider their spatial existence. This will certainly influence
the judgment of the ERP areas. Therefore, to improve the spatial accuracy of the ERP area
selection, and to improve the efficiency and feasibility of restoration, it is necessary to
perform some further studies on the evaluation methods of ERP areas.

As the central province of China, the Shaanxi Province encompasses many ecological
regions such as the Qinba Mountains, the Loess Plateau, and the Yellow River Basin. With
plateaus, mountains, plains, and basins scattered throughout the province, its natural
environment is complex and rich in ecological resources [7]. Over a long period, due to
the continuous impact of human activities such as population increase, urban expansion,
and forestry exploitation, the vegetation degradation and soil erosion in the province are
obvious and the biodiversity continues to decrease [16]. To solve the related environmental
problems, the Shaanxi Province has become the key implementation area of major ecological
programs such as the Grain for Green Project, and has achieved great results [17]. However,
under the principle of giving equal importance to economic development and ecological
protection, how to carry out ecological restoration work efficiently and economically in the
future while maintaining the existing development achievements is still a difficult issue for
ecological construction in the region. Thus, taking the Shaanxi Province as the study area,
carrying out studies on the evaluation of ERP areas will provide strong support for local
social development and ecological construction.

In summary, based on data on population density, land use, nighttime lights, roads
and nature reserves in 2020, this study constructs an index of human activity intensity.
Meanwhile, a framework for assessing ERP areas at the pixel scale is proposed by com-
bining human activity intensity, vegetation coverage data, distance to roads/towns, and
multi-criteria decision analysis. The ERP areas identified based on this framework will
have characteristics of degradation tendency, disturbance by human activities, and good
accessibility to implement ecological restoration projects. The final purpose of this study is
to identify the ERP areas in the Shaanxi Province based on the assessment framework.

2. Data and Methods
2.1. Study Area

The Shaanxi Province is located in the interior of China (105◦29′–110◦15′ E, 31◦42′–
39◦35′ N), covering an area of 20.56 × 104 km2 (Figure 1). The climate conditions vary
greatly in the Shaanxi Province, with the south belonging to the northern subtropical
climate, and the central to northern part gradually changing to the warm temperate and
middle temperate climates. The annual average temperature and annual precipitation in
the Shaanxi Province are 13 ◦C and 578.56 mm. The unique geographical features and
significant north–south span contribute to notable climatic variations among its northern,
central (Guanzhong), and southern regions. The annual average temperature from north to
south is 9.24 ◦C, 12.08 ◦C, and 13.70 ◦C, and the annual precipitation from north to south
is 279 mm, 563 mm, and 840 mm, respectively. The terrain of study area is generally high
in the north and south, low in the middle, long and narrow in the longitudinal direction,
and contains a variety of topography such as plateaus, mountains, plains, and basins. The
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temperature and precipitation in the region show a gradual increase from north to south as
the topography changes [16]. The main vegetation types in the province also have typical
geographical characteristics, which are temperate grassland, forest-steppe interlacing, and
broad-leaved forest form north to south.
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Figure 1. The location of the Shaanxi Province.

2.2. Datasets Sources

The data used in this study are normalized difference vegetation index (NDVI), popu-
lation density, land use, night lighting, roads, railroads, and protected areas in 2020. The
NDVI was used to estimate the Fractional Vegetation Cover (fc), which can be obtained
from the MODIS NDVI product (MOD13Q1) (https://ladsweb.modaps.eosdis.nasa.gov,
accessed on 1 September 2021) with a spatial resolution of 250 m. Land use and road data
were used to assess the distance to human settlements and roads. Land use data were
obtained from the European Space Agency with a resolution of 300 m (http://maps.elie.
ucl.ac.be/CCI/viewer/, accessed on 3 September 2021), which was reclassified into six
types, including farmland, forest, grassland, water body, construction land, and bare area.
Road data was retrieved from the Resource and Environment Science and Data Center
(https://www.resdc.cn/, accessed on 7 September 2021). Population density, land use,
night lighting, roads, railroads, and protected areas data were used to construct the human
activity intensity index. Among them, protected areas data came from the Research Center
for Eco-Environment Sciences, Chinese Academy of Sciences (http://www.rcees.ac.cn/,
accessed on 10 September 2021). The roads data, population density, night lighting, and
railroads data were all retrieved from the Resource and Environment Science and Data
Center (https://www.resdc.cn/, accessed on 7 September 2021). The spatial resolution
of population density and night lighting were 250 m. To unify the resolution of different
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datasets, all the data were resampled into 300 m resolution by using ArcGIS v10.2 software
(Esri, Redlands, CA, USA). The specific information of all data is shown in Table 1.

Table 1. Information of all data.

Name Type Time Resolution (m) Sources

NDVI Grid 2020 250 https://ladsweb.modaps.eosdis.nasa.gov, accessed on 1 September 2021
Population density Grid 2020 250 https://www.resdc.cn/, accessed on 7 September 2021

Land use Grid 2020 300 http://maps.elie.ucl.ac.be/CCI/viewer/, accessed on 3 September 2021
Night lighting Grid 2020 250 https://www.resdc.cn/, accessed on 7 September 2021

Roads Shapefile 2020 \ https://www.resdc.cn/, accessed on 7 September 2021
Railroads Shapefile 2020 \ https://www.resdc.cn/, accessed on 7 September 2021

Protected areas Shapefile 2020 \ http://www.rcees.ac.cn/, accessed on 10 September 2021

2.3. Vegetation Coverage

Fractional Vegetation Cover (fc) corresponds to the proportion of vegetation covering
the ground. Since fc is independent of light direction and sensitive to the amount of
vegetation, it is an effective indicator to be used for ecological monitoring [18]. In this study,
fc was used to evaluate the ecological environment status, and the higher the value of fc,
the better the ecological environment. It is calculated based on the pixel bisection method
with the following equation:

fc =
NDVIi − NDVImin

NDVImax − NDVImin
, (1)

where NDVIi the average NDVI value in pixel i, NDVImin and NDVImax are the minimum
and the maximum NDVI value in the area. Using the NDVI frequency histogram, NDVI
values corresponding to 1% and 99% of the cumulative frequency values were adopted as
NDVImin and NDVImax, respectively [19].

2.4. Determination of Feasibility to Be Restored

Multi-criteria decision analysis is a decision method for selecting the ideal alternative
or ranking options considering multiple attributes [13]. This study evaluates the feasibility
of restoration areas by considering two factors (human settlement, accessibility) and one
constraint (fc). The first factor to consider is human settlement, as it is both an important
factor affecting the ecosystem and the area of origin for ecological restoration [7]. Therefore,
Euclidean distance maps to human settlements were calculated at a spatial resolution of
300 m based on land use data for construction land, farmland, and administrative boundary
data. The second factor is to measure the accessibility of the restoration area to ensure
its feasibility [5]. The distance to the roads was calculated using road data containing
provincial level, national level, and other roads. Highways and railroads are not considered
here, as they are primarily tasked with town-to-town transportation. Transportation by
highway or railroad makes it difficult to leave the road randomly to approach areas where
ecological restoration is needed. Thus, if a place is close to human settlements or roads, it
is favorable for priority restoration, but if it is far away, it is inappropriate. The distance
calculation results need to be normalized by using the membership function to change the
actual distance to a standard value from 0 to 1. The used formula is as follows:

if D < 5000 m then Xi = 1 (2)

if D > 10, 000 m then Xi = 0 (3)

if 5000 m ≤ D ≤ 10, 000 m then Xi = (10, 000− D)/5000 (4)

where D is the distance to the settlement or road. Xi is the normalized value of pixel i, the
highest suitability value is 1 for the distance from 0–3000 m, and 0 for the distance of over
6000 m.

https://ladsweb.modaps.eosdis.nasa.gov
https://www.resdc.cn/
http://maps.elie.ucl.ac.be/CCI/viewer/
https://www.resdc.cn/
https://www.resdc.cn/
https://www.resdc.cn/
http://www.rcees.ac.cn/
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The weighted linear combination method was used to combine the distance to the
settlement or road with the fc [20]. The formula is:

F = ∑n
j=1wjxi,j(1− fc) (5)

where F refers to the feasibility of the restored area. wj is the weight of different factors j.
Considering that settlements and roads are equally important to the feasibility index, they
are assigned an equal weight of 0.5. xi, j is the normalized distance value of pixel i of factor j,
j = 1 for the distance between the pixel and the road, j = 2 for the distance between the
pixel and the settlement, n = 2. fc is the vegetation coverage. The higher the F value is, the
higher the feasibility to be restored. Once F is obtained, it is classified into 5 levels: very
low (0–0.2), low (0.2–0.4), medium (0.4–0.6), high (0.6–0.8), and very high (0.8–1).

2.5. Index of Human Activity Intensity

In this study framework, six types of spatial data representing human activities are
selected, which are assigned a score of 0–10 for each pixel based on different evaluation
methods. After summing up the six types of evaluated data, the higher the pixel scores,
the higher the intensity of human activity. Detailed information for each type of data is
as follows.

2.5.1. Population Density

Population density is an important indicator of the interaction between ecosystem
and human activities [21]. The effect of population on the ecosystem can be expressed
as a logarithmic relationship [22]. Therefore, this study assigns population density data
according to a logarithmic equation with a value range of 0–10.

popscore = 1.8527× log
(

popdensity + 1
)

, (6)

where popscore represents the reassigned score of the pixel, popdensity represents the popula-
tion density value of the pixel.

2.5.2. Land Use

Land use transformation is an important factor reflecting the process and result of
human activities [23]. Based on the results of the 5 ecological experts’ consultations and
previous studies [24,25], this study assigned 10 points to all construction land, 7 points to
farmland, 4 points to grassland and bare land, 2 points to forest, and 0 points to water.

2.5.3. Night Lighting

Nighttime light changes directly reflect the intensity of human activity; the more highly
lighted area, the greater the intensity of human activity [22]. Utilizing the night lighting
data of the Shaanxi Province in 2020, the pixels with 0 value are assigned 0 points, and the
pixels with a value greater than 0 are divided into 10 parts using the natural breakpoint
method, which are assigned 1 to10 points from small to large in turn. Specifically, the
10 parts are part 1 (0–1.59), part 2 (1.59–7.17), part 3 (7.17–15.15), part 4 (15.15–23.91),
part 5 (23.91–33.48), part 6 (33.48–43.84), part 7 (43.84–58.19), part 8 (58.19–82.10), part 9
(82.10–123.55), and part 10 (123.55–202.47), respectively.

2.5.4. Roads and Railroads

Due to the complex topography of the Shaanxi Province, different kinds of roads
facilitate the movement of people and are one of the most important paths of human
activities. In this study, the area within 500 m of both sides of roads (provincial roads,
national roads, highways, etc.) in the Shaanxi Province is assigned a score of 10, the area
within 500–1500 m is assigned a score of 8, and the area within 1500–2500 m is assigned
a score of 4. Due to the closed character of the train running along the railroad line, the
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influence range on both sides is relatively small. Therefore, only the area within 500 m of
both sides of the railroad is assigned a value of 8 points [25].

2.5.5. Protected Areas

The establishment of nature protection areas can appropriately reduce the intensity
of human activity. Based on previous studies [26–28], the total value of human activity
intensity in protected areas decreases by 8%, 4%, and 2% every five years. This study
primarily focuses on the effects within the first five years following the establishment of
the protected area, thus data was adjusted downward by 8%.

The above data were reassigned and spatially overlaid to obtain the map of the human
activity intensity index in the Shaanxi Province in 2020. Based on the natural breakpoint
method, the index was classified into five levels: very low, low, medium, high, and very
high. The specific information for each data assignment method is shown in Table 2.

Table 2. Information of data assignment.

Data Assignment Method

Population density 0–10 popscore = 1.8527 × log(popdensity + 1)

Land use 0, 2, 4, 7, 10

10 points to construction land,
7 points to farmland,

4 points to grassland and bare land,
2 points to forest,
0 points to water

Night lighting 0–10 Natural breakpoint method

Railroads 8 8 points within 500 m on both sides

Roads 4, 8, 10
10 points within 500 m on both sides

8 points within 500–1500 m on both sides
4 points within 1500–2500 m on both sides

Protected areas \ Downward by 8%

2.6. Determination of ERP Areas

This study aims to combine the results of feasibility analysis of restoration areas and
human activity intensity to select ERP areas. By overlaying the results of both analyses, this
study will follow the rules in Table 3 to determine three kinds of priorities (low, medium,
and high priority). The basic structure of the study framework is shown in Figure 2.

Table 3. Decision strategy for ERP areas.

Human Activity Intensity

Very Low Low Middle High Very High

Feasibility to
be restored

Very low LP LP LP LP LP
Low LP LP LP MP MP

Middle LP LP MP MP HP
High LP MP MP HP HP

Very high MP MP HP HP HP
Notes: LP, MP, and HP indicate low, medium, and high priority, respectively.



Forests 2023, 14, 2348 7 of 14Forests 2023, 14, x FOR PEER REVIEW 7 of 14 
 

 

 
Figure 2. The structure of the study framework. 

3. Results 
3.1. Feasibility Analysis 

The result of the fc analysis in the Shaanxi Province in 2020 is shown in Figure 3a. The 
average fc in study area is 81.24%, which gradually decreased from south to north. The 
areas with high vegetation coverage are mainly concentrated in Qinling region in south-
ern Shaanxi with an average fc of 96.26%. The fc of the urban cluster area focusing on Xi’an 
City in the Guanzhong area in central Shaanxi is relatively lower, where the average fc is 
84.37%. The fc of the Loess Plateau area in the north of the province is the lowest, where 
the average fc is only 66.12%. 

Road construction in the Shaanxi Province is relatively complete, with all regions of 
the province having a certain level of accessibility. Among them, the Guanzhong area in 
central Shaanxi has the densest roads (Figure 3b). Compared to the distribution of roads, 
the distribution of human settlements in Shaanxi Province is more complex. There are 
many blank areas in the Guanzhong region, as the existence of the Guanzhong urban ag-
glomeration occupies a large amount of space, making it difficult to establish an effective 
6 km buffer zone (Figure 3c). Similar blank areas also appear in the southern part of 
Shaanxi, which is mainly the region where large cities such as Hanzhong and Ankang are 
located. However, the Qinling Mountains in southern Shaanxi and the forested areas in 
central Shaanxi effectively limit the extent of human activities, and both areas appear to 
have a complete 6 km buffer zone. For northern Shaanxi, due to the existence of a large 
amount of farmland, the buffer zone is mainly around 3 km wide. 

Based on the multi-criteria decision analysis, the result of the restoration feasibility is 
shown in Figure 3d. In general, the total area involved in restoration feasibility assessment 
in Shaanxi Province is 10.89 × 104 km2. Among them, the percentage of regions with low 
feasibility (less than 0.2) is 68.86%, mainly located in the Qinling area in the south of the 
study area with a better ecological environment. Regions with moderate feasibility (0.2–
0.6) accounted for 28.67%, mainly in Guanzhong and northern Shaanxi. High feasibility 
areas (more than 0.6) accounted for 2.47%, mainly located in Yulin, Dingbian, and 
Hengshan counties and cities in the Loess Plateau area of northern Shaanxi. 
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3. Results
3.1. Feasibility Analysis

The result of the fc analysis in the Shaanxi Province in 2020 is shown in Figure 3a. The
average fc in study area is 81.24%, which gradually decreased from south to north. The
areas with high vegetation coverage are mainly concentrated in Qinling region in southern
Shaanxi with an average fc of 96.26%. The fc of the urban cluster area focusing on Xi’an
City in the Guanzhong area in central Shaanxi is relatively lower, where the average fc is
84.37%. The fc of the Loess Plateau area in the north of the province is the lowest, where
the average fc is only 66.12%.

Road construction in the Shaanxi Province is relatively complete, with all regions of
the province having a certain level of accessibility. Among them, the Guanzhong area in
central Shaanxi has the densest roads (Figure 3b). Compared to the distribution of roads,
the distribution of human settlements in Shaanxi Province is more complex. There are
many blank areas in the Guanzhong region, as the existence of the Guanzhong urban
agglomeration occupies a large amount of space, making it difficult to establish an effective
6 km buffer zone (Figure 3c). Similar blank areas also appear in the southern part of Shaanxi,
which is mainly the region where large cities such as Hanzhong and Ankang are located.
However, the Qinling Mountains in southern Shaanxi and the forested areas in central
Shaanxi effectively limit the extent of human activities, and both areas appear to have a
complete 6 km buffer zone. For northern Shaanxi, due to the existence of a large amount of
farmland, the buffer zone is mainly around 3 km wide.

Based on the multi-criteria decision analysis, the result of the restoration feasibility is
shown in Figure 3d. In general, the total area involved in restoration feasibility assessment
in Shaanxi Province is 10.89 × 104 km2. Among them, the percentage of regions with low
feasibility (less than 0.2) is 68.86%, mainly located in the Qinling area in the south of the
study area with a better ecological environment. Regions with moderate feasibility (0.2–0.6)
accounted for 28.67%, mainly in Guanzhong and northern Shaanxi. High feasibility areas
(more than 0.6) accounted for 2.47%, mainly located in Yulin, Dingbian, and Hengshan
counties and cities in the Loess Plateau area of northern Shaanxi.
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3.2. Human Activity Intensity

The spatial distribution of the human activity intensity in the Shaanxi Province in 2020
is shown in Figure 4. It has been classified into five levels, including very low (0–7.70),
low (7.70–12.46), medium (12.46–17.78), high (17.78–25.66), and very high (25.66–46.73). In
general, human activity in this region is concentrated in urban areas and extended with
the distribution of roads. The highest human activity intensity occurred in the Guanzhong
urban agglomeration represented by Xi’an city. The area with relatively low (very low
and low) human activity intensity covers 79.05% of the entire province, with the lowest
intensity in the Qinling Mountains in the southern part of the study area. The area of
medium intensity of human activity accounts for 10.26% of the total area, which is mostly
farmland. In total, 10.69% of the regions showed high and very high intensity of human
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activity, with the Guanzhong urban agglomeration region, Yulin and Yan’an cities in
northern Shaanxi, and Hanzhong and Ankang cities in southern Shaanxi all showing strong
intensity. The cities have a remarkable population aggregation effect.
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3.3. ERP Areas

Based on the decision strategy in Table 3, this study classifies the ERP areas in the
Shaanxi Province into 3 levels: low priority, medium priority, and high priority, as shown
in Figure 5. Most of the ERP areas are low-priority restoration areas, especially in the
south of the study area, where there are basically no medium or high-priority ecological
restoration areas. Meanwhile, this study identified 6078 km2 and 671 km2 of medium
and high-ecological restoration priority areas, respectively. Besides being scattered in the
areas around the Guanzhong urban agglomeration, these areas are more concentrated in
northern Shaanxi. Therefore, it is more necessary to carry out ecological restoration work
in the relevant areas of northern Shaanxi.
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4. Discussion
4.1. Methodology

This study proposed a methodology framework to identify appropriate sites for
ecological restoration at the regional scale. Previous studies have mostly evaluated the
need for ecological restoration from an isolated viewpoint. Some studies focused on
the spatial and temporal distribution of different indicators in order to protect different
ecological functions in the regions [11,29], while some aimed to identify the areas with
potential risk of degradation as ERP areas [30,31]. However, their results are relatively
limited in identifying the feasibility and urgency of restoration work [32,33]. In this study,
an evaluation of human activities and vegetation growth conditions was combined with
the feasibility of restoration, and suitable restoration sites were identified and classified
into different priority levels with the accuracy of pixel level. Among them, the limits on
vegetation cover and distance to human settlements and roads are of practical importance
and can quickly help to identify the most feasible and closest restoration sites for decision
makers. Meanwhile, in identifying the areas that need to be restored, this study did
not consider farmland, but considered it as one of the factors for the identification of
human settlements. The reason is that the Shaanxi Province is one of the key areas for the
implementation of the Grain for Green Program, and the program had already achieved its
goals successfully in this area [34]. The first stage of the program was completed in 2010,
and as the follow-up work continues, hillside farmland with a slope higher than 25◦ in
Shaanxi Province has basically been returned to the forest [35,36]. At present, preserving
the ecological restoration achievements and maintaining the coordinated development of
regional ecological construction and food production have become the key elements in the
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region [37]. Therefore, this study assumes that the area of farmland is currently maintained
unchanged in the process of selecting ERP areas.

The construction of a cross-matrix table based on the feasibility results in combination
with the intensity of human activity has two implications. On one hand, stronger human
activities further predicted the urgency of local ecological restoration. On the other hand,
based on the intensity of human activity identified by data such as population and nighttime
lights, places with stronger intensity tend to be able to invest more human and material
resources to carry out relevant restoration activities. Therefore, the human activity intensity
index will be helpful to improve the efficiency of identifying ERP areas. In summary, this
study proposed a referenceable methodological framework for the identification of ERP
areas, and its results will be useful in providing spatial guidance for the implementation of
restoration programs. In future studies, the indicators remain to be further improved to
better represent the actual condition. For instance, incorporating economic indicators such
as GDP into the index of human activity intensity, or considering terrain factors in order to
optimize the evaluation of feasibility. Moreover, the data resolution needs to be improved,
so that the results will represent the actual situation more closely.

4.2. Restoration Areas in Shaanxi

According to the results of this study, the need for ecological restoration in southern
Shaanxi is relatively low, which is basically at a low-priority restoration level. Because this
part of study area is close to the Qinling region, where the overall ecological environment
is relatively good. This region has the characteristics of well vegetation coverage with a
high value of NDVI. Meanwhile, to protect the region’s unique natural environment, the
local government has set up a sequence of nature reserves in the area, including Taibai
Mountain nature reserves, Foping nature reserves, etc., which provide a strong guarantee
for the regional ecological environment [38,39].

Despite the high level of human activity, most land in the Guanzhong region is taken
by urban and farmland, leaving relatively limited land for ecological restoration. The
framework for assessing ERP areas in this study estimates restoration needs only for lands
outside of human settlements. For the Guanzhong urban agglomeration, a large amount of
land has been occupied by urban and farmland, which leads to a great decline in vegetation
coverage. It is particularly important to maintain its ecological environment not only by
restoring the identified medium or high-priority restoration areas in the periphery, but also
by building ecological environments such as urban green spaces in its interior [40]. As
an important part of the urban ecosystem, urban green space is one of the effective ways
to relieve the pressure on the ecosystem of urban agglomerations [41]. Proper planning
and construction of urban green spaces will bring various benefits of ecosystem services
such as air cleaning, climate regulation, noise mitigation, and recreation to the city [42–44].
Therefore, one of the priorities of future environmental management in the Guanzhong
region should be in the control of the urban scale, optimizing urban green space structure,
and strengthening urban ecological construction, so as to achieve high-quality sustainable
development of urban agglomeration.

The largest ERP area and the most widely distributed medium or high-priority restora-
tion areas in this study were concentrated in northern Shaanxi. As a key area for ecological
programs such as Grain for Green and Natural Forest Protection, the ecological environ-
ment in northern Shaanxi has been greatly improved. The local vegetation coverage has
increased year by year, and ecological problems such as soil erosion and land degradation
have been effectively solved [36,45]. However, along with the implementation of ecological
programs, the energy economy represented by coal and oil had also developed rapidly in
northern Shaanxi [46]. The continuous exploitation of energy resources led to problems
including population growth, urban expansion, and environmental damage during the
mining process [47,48]. Li et al. pointed out that, in northern Shaanxi, there is an increasing
risk of vegetation degradation due to the continuous construction of energy production
facilities, and increased exploitation of mineral resources [49]. Due to the results in this
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study, compared with the good ecological environment of southern Shaanxi and the popu-
lation gathered area in Guanzhong, the ecological restoration needs in northern Shaanxi are
characterized by a clear radial trend of priority areas distributed along the path of human
activities, centered on human settlements and towns formed by mineral development. As
the ecological environment in northern Shaanxi has been improved overall, ecological
restoration work is prioritized around vegetation degradation areas brought by human
activities including energy and economic development, which meets the actual needs of
regional ecological restoration [45,50]. Therefore, the framework of the ERP area identifica-
tion method proposed in this study has spatially located the priority and feasible ecological
restoration sites, and may offer a useful reference for future ecological restoration work in
the area.

5. Conclusions

This study takes Shaanxi Province as the study area, and constructs a methodological
framework by combining human activity intensity and multi-decision criterion analysis to
determine the ERP sites. The sites were identified at three levels: low, medium, and high
priority, taking into account the feasibility determined by vegetation coverage, distance
to human settlements and roads, and in combination with certain strategies for decision
making. The analysis results in Shaanxi Province showed that the average fc in study area is
81.24%, which gradually decreased from south to north. The accessibility of roads through-
out the province is high, and there is a significant population aggregation effect in the
Guanzhong urban agglomeration among human settlements. The total area with ecological
restoration feasibility is 10.89 × 104 km2, in which the medium and high feasibility areas
are mainly concentrated in Guanzhong and northern Shaanxi. The areas with high intensity
of human activity account for 10.69% of the province, and the intensity of the Guanzhong
urban agglomeration is significantly higher than other regions in the province. This study
eventually identified 6749 km2 of ERP areas, among them, medium level ERP areas are
6078 km2, and high level ERP areas are 671 km2. Medium- and high-level areas are mainly
concentrated in the northern part of the Shaanxi Province, showing the characteristics of the
city as the center and radiation along the road. The methodological framework constructed
in this study integrates feasibility and human activity, which can be used by stakeholders
in similar areas for reference in regional ecosystem restoration practices.
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