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Abstract: Vulnerability assessment has become a critical issue and an important approach for 7 

regional sustainable development. The Qinghai Province, located in the northeastern part of the 8 

Qinghai-Tibet Plateau, suffers a severe grassland degradation caused by climate change and human 9 

activities. The degradation constrains the development of local animal husbandry and further affects 10 

the vulnerability of social system. In this study, based on the vulnerability assessment framework of 11 

exposure-sensitivity-adaptability, two index systems were established including ecological and 12 

social aspects. The entropy weight method was used to determine the index weight. The dynamic 13 

changes of the ecological vulnerability and social vulnerability of Qinghai province were assessed 14 

from 1995 to 2015. Results indicated that ecological vulnerability in Qinghai province increased 15 

from eastern part to the west, and decreased from northern to southern part, while social 16 

vulnerability showed an opposite trend. Key ecologically fragile areas were mainly located in the 17 

Qaidam Basin and western Three-River Headwaters Region (TRHR), while key social vulnerability 18 

areas were mainly distributed in the Qilian Mountains and eastern Qinghai province. The overall 19 

ecological vulnerability showed a decreasing trend through time, but increased in several local areas. 20 

Social vulnerability dropped significantly, especially in the eastern part of Qinghai province. The 21 

results will help to identify key vulnerable areas of Qinghai province and provide references for the 22 

ecological protection and restoration and the formulation of ecosystem management policies. 23 
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1. Introduction 27 

With the increasing negative impact of climate change and human activities on the earth's 28 

ecosystem, the deterioration of ecological conditions have restricted the sustainable development of 29 

human society and vulnerability assessment has become a critical issue and an important approach 30 

in the field of sustainable development (Kates et al., 2001; Turner et al., 2003; Lee, 2014). 31 

Conducting vulnerability assessment aims to identify the vulnerability status of the regions 32 

interested, which are essential to ecological protection and social management for understanding 33 

the current status and evaluating the effectiveness of planned measures (Nguyen et al., 2016; Ling 34 

et al., 2019). 35 

Vulnerability is generally considered to be a function of exposure, sensitivity, and adaptability 36 

(Gallopín, 2006; Vogel et al., 2007; De Lange et al., 2010) and was defined as a state that is 37 

susceptible to damage due to the stress and disturbance caused by exposure to environmental and 38 

social changes (Adger, 2006). At present, the generally procedure of vulnerability assessment is to 39 

adopt certain research framework, construct an index system, calculate the weight of each indicator 40 

and then conduct vulnerability assessment (Zhang et al., 2018). Vulnerability assessment 41 

frameworks include pressure-state-response (PSR) assessment framework, vulnerability scoping 42 

diagram (VSD) based on exposure-sensitivity-adaptation (Polsky et al., 2007), and vulnerability 43 

assessment framework coupled human–environment systems (Turner et al., 2003). The calculation 44 

of indicator weight often uses analytic hierarchy process (Song et al., 2010), fuzzy analytic hierarchy 45 

process (Liu et al., 2017), and entropy weight method (Zhao et al., 2018). 46 

The unique geographical and climatic characteristics of the Qinghai-Tibet Plateau make it weak 47 

in resistance to external disturbances and in recovery from disturbances and extremely vulnerable 48 

to environmental changes (Liu et al., 2018). Furthermore, high-intensity human activities, especially 49 

overgrazing, have led to a wide range of grassland degradation in the Qinghai-Tibet Plateau 50 

specifically that of the TRHR and Qaidam Basin in Qinghai province (Li et al., 2013; Li et al., 2019). 51 

The TRHR is known as the "Chinese Water Tower". Alpine meadow and alpine steppe are the main 52 

vegetation types, providing important ecosystem services such as water conservation, soil 53 

conservation and animal husbandry production (Jiang et al., 2016; Han et al., 2017). However, 54 

grassland in the TRHR initially formed a large-scale degradation pattern in the mid and late 1970s, 55 

and some regions continued to degrade (Liu et al., 2008). Fortunately, in 2000, the TRHR was 56 

established as a national nature reserve. A series of ecological protection projects such as large-scale 57 

ecological resettlement and returning grazing land to grassland have been implemented, and the 58 

degraded grassland restored to a certain extent (Liu et al., 2018). Qaidam Basin is a large desert area 59 

with little portions covered vegetation, which plays an important role in controlling the formation 60 

and expansion of the desert (Xu et al., 2014). Due to overgrazing, grassland degradation exceeded 61 

233 million ha around 2000, which account for 56% of the total pasture in Qaidam Basin (Wang, 62 

2002). Grassland degradation occurred mainly near the edges of oasis and in non-oasis areas at low 63 

altitudes, forming difficult-to-use saline-alkali lands and even deserts (Zeng et al., 2008).  64 

At present, most studies on the Qinghai-Tibet Plateau are focused on ecological vulnerability 65 

assessment (Wang et al., 2008; Yu et al., 2011; Wei et al., 2015; Li et al., 2017; Guo et al., 2018). 66 

Several studies of social vulnerability evaluation mainly considered the vulnerability of herdsmen's 67 

livelihood based on questionnaires (Wang et al., 2014; Li et al., 2018). However, relatively few 68 



studies have considered both social and ecological vulnerability and studies of social vulnerability 69 

on countywide scale have not been found. In this study, Qinghai province was selected as the study 70 

area and county was used as the main evaluation unit for social vulnerability. Vulnerability scoping 71 

diagram based on exposure-sensitivity-adaptation was adopted and the ecological and social 72 

vulnerability of Qinghai province were assessed. The objectives of this study are: (1) to analyze the 73 

spatial and temporal changes of ecological and social vulnerability in Qinghai province from 1990 74 

to 2015; (2) to identify key vulnerable areas; and (3) to provide a reference for ecological protection 75 

and restoration and formulation of management policies. 76 

2. Materials and methods 77 

2.1. Description of study area 78 

Qinghai province is located in the northeast part of Qinghai-Tibet Plateau between 89°35′ and 79 

103°04′E and between 31°40′ and 39°19′N (Fig. 1a). Altitude of this area is generally high in the 80 

western, northern and southern parts and low in the eastern and central parts and ranges between 81 

1669 and 6672 m. Bordered by the Qilian Mountains in the north, Tanggula Mountains in the south 82 

and Kunlun Mountains running through the middle, the study area were classified to four kinds of 83 

nature regions, namely Qilian Mountains, Qaidam Basin, southern plateau of Qinghai (Fig. 1c). The 84 

climate is a typical continental plateau climate, which is characterized by very low temperatures 85 

with drought, windy and prolonged sunshine conditions. The average temperature is -5 to 8.5℃, 86 

and the average annual rainfall is 50 to 550 mm (Ma et al., 2018). 87 

 88 

Fig. 1. An overview of the study area. (a) Location of the Qinghai province in west China and northeast of the 89 

Qinghai-Tibet Plateau; (b) Map of county-level administrative districts and zoning of Qinghai province; (c) Digital 90 

elevation model map of Qinghai province.  91 

Qinghai Province has a vast natural grassland, which is one of the five major pastoral areas in 92 

China. The area of pasture in the province is 40.34 million hm2, ranking fourth in the country. 93 

Grassland types mainly include alpine meadows, alpine steppe, temperate grasslands, temperate 94 

deserts and alpine deserts. Northeast Qinghai Province has a conducive water and heat conditions 95 

and is the main agricultural and animal husbandry area in the province. Most other areas are solely 96 

animal husbandry areas which forms one of the pillar industries. Qinghai province has a complicated 97 



terrain and climate, with significant differences in economic development and industrial structure. 98 

Therefore, according to the geographical boundaries, administrative boundary and human activities, 99 

taking counties as the basic unit, we divided Qinghai province into four regions, namely the Three-100 

River Headwaters Region (TRHR), Qaidam Basin, Qilian Mountains and Eastern Qinghai (Fig. 1b 101 

and Table 1). Further, The TRHR was divided into western TRHR and eastern TRHR as two 102 

subregions according to climate condition. 103 

Table 1 Zone divisions in the study area 104 

Study area Subregions Counties 

Qinghai 

province 

Qaidam Basin Delingha, Haixi, Geermu, Wulan, Dulan 

Qilian Mountains Qilian, Menyuan,Tianjun, Gangcha 

Eastern Qinghai 
Huangzhong, Huangyuan, Datong, Huzhu, Ledu, Minhe, Hualong, Pingan, 

Gonghe, Guide, Jiangzha, Guinan, Xunhua, Xining, Tongren, Haiyan 

Western TRHR Zhiduo, Geermu, Zaduo, Qumalai  

Eastern TRHR. 
Nangqian,Yushu, Chengduo, Maduo, Xinghai, Tongde, Zeku, Maqin, Henan, 

Gande, Dari, Jiuzhi, Banma 

2.2. Data collection and processing 105 

The data of average annual temperature, annual precipitation, wetness index, accumulated 106 

temperature over 0◦C (AT0), altitude, slope, vegetation coverage, net primary productivity (NPP) 107 

and population density were acquired from Resource and Environment Data Cloud Platform of 108 

Chinese Academy of Sciences (http://www.resdc.cn). The data of humidity index and AT0 are 109 

background data, reflecting the wetness and heat richness degree of the region respectively. Digital 110 

Elevation Model (DEM) data (with 250 m spatial resolution) were aggregated to 1 km spatial 111 

resolution and slope data were processed using ArcGIS at 1 km spatial resolution as well. Annual 112 

vegetation coverage was calculated using the annual normalized vegetation index (NDVI), which 113 

was generated by maximum value synthesis of remote sensing data of SPOT/VEGETATION NDVI 114 

satellite. NPP data could be dated back to 1998 at the earliest, and was adopted as the initial one. 115 

Population density data, which are available from 1995 to 2015 in 5 year intervals, are raster data 116 

calculated by land use type, night light index, density of residential area and population statistics 117 

data of county. Soil organic matter content and soil texture data were derived from the Harmonized 118 

World Soil Database (HWSD 1.2 version). The HWSD was accessed from Cold and Arid Region 119 

Science Data Center (http://westdc.westgis.ac.cn). Annual mean wind speed data were derived from 120 

the China meteorological forcing dataset (Yang, 2018), which was accessed from Monitoring & Big 121 

Data Center for Three Poles (http://data.tpdc.ac.cn). Biological richness index data were accessed 122 

from Global Change Research Data Publishing & Repository (http://www.geodoi.ac.cn). The 123 

biological richness index data available were only for the years 1980 and 2010, and we took the 124 

average of the two years as the background data. The data of grazing capacity per grassland area, 125 

livestock inventory, proportion of agricultural and animal husbandry employees, proportion of rural 126 

population, per capita net income of farmers, proportion of cultivated land area, grain yield per unit 127 

of cultivated area, meat production per unit of livestock and proportion of nature reserve area were 128 

calculated from the statistical data in the Qinghai statistical yearbook, which was accessed from 129 

China Economic and Social Development Statistical Database (http://tongji.cnki.net). The per capita 130 

net income of farmers from 2000 to 2015 was transformed so they could be measured in 1995 131 

constant prices. These data are critical for evaluating the impacts of eco-environment conditions on 132 
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herdsmen’s livelihood. 133 

All data sets were projected to Krasovsky_1940_Albers, and were resampled to 1 km spatial 134 

resolution with the help of ArcGIS (version 10.6).  135 

3. Methods 136 

3.1. Index system establishment 137 

3.1.1. Indicators of ecological vulnerability 138 

Due to the complexity, nonlinearity and diversity of ecosystem, it may be impossible to develop 139 

universal ecological vulnerability assessment indicators. The development of vulnerability 140 

assessment indicators should be carried out on a smaller scale and need to be case-by-case (Beroya-141 

Eitner 2016). The key to the fragile grassland in Qinghai province is the degradation of grassland 142 

caused by human factors and the high sensitivity and low resilience to disturbance caused by special 143 

geographical climate and vegetation. Therefore, based on previous studies (Wang et al., 2008; Shao 144 

et al., 2014; Guo et al., 2016; Li et al., 2017; Liu et al., 2017), we chose some commonly used 145 

indicators such as annual mean temperature, annual precipitation, AT0, humidity index, altitude, 146 

slope and vegetation coverage. Soil texture and soil organic matter content were also taken into 147 

consideration because they are important in making nutrients available to plants and retain soil 148 

moisture. NPP and vegetation diversity indicators were selected because we mainly focus on status 149 

of grassland vegetation, which is critical for livestock. Excessive human activities, especially 150 

grazing activities, lead to serious degradation of the grassland, which is the main driving factor for 151 

the vulnerability of the grassland. Therefore, human activities were chose as exposure indicators in 152 

this paper, including population density and livestock carrying capacity per grassland area. Specific 153 

indicators of ecological vulnerability assessment are shown in table 2. 154 

3.1.2. Indicators of social vulnerability 155 

The concept of social vulnerability is broad, and indicators should be selected based on specific 156 

research content (Lee, 2014). As grassland is the main type of vegetation, and animal husbandry, 157 

which relies heavily on grassland, is one of the pillar industries in Qinghai province, livestock 158 

production status will directly affect the vulnerability of local society (Wang et al., 2014). Large 159 

number of farmers and herdsmen in Qinghai province make a living by raising livestock, and the 160 

local ecological regime will directly affect livestock production (Pan et al., 2014). Based on the 161 

above analysis and with reference to the indicators selected in previous studies (Cutter et al., 2003, 162 

Lu et al., 2017), we chose indicators related to animal husbandry to construct an index system for 163 

social vulnerability assessment, which are shown in table 3. Firstly, the mean value of ecological 164 

vulnerability of each county in Qinghai province was extracted as an exposure indicator to represent 165 

the impact of ecological vulnerability on social vulnerability. Secondly, the proportion of animal 166 

husbandry practitioners, the proportion of rural population, and livestock inventory were taken as 167 

sensitivity indicators. The more people engage themselves in animal husbandry production and 168 

more livestock is produced in this region, the greater the dependency on grassland. Finally, the 169 

following indicators were taken as adaptability indicators, and the reasons are as follows. The larger 170 

proportion of cultivated land and the higher grain output per unit area, the more straw and grain it 171 

can provide for livestock. The higher per capita net income of farmers, the higher the risk tolerance. 172 

The higher meat output per unit of livestock, the higher efficiency of animal husbandry management. 173 

The reserve provided economic subsidies and employment opportunities to local herdsmen and 174 



reduced their dependence on animal husbandry. Overall, based on the ecological vulnerability 175 

assessment results, we selected 8 indicators related to animal husbandry as social vulnerability 176 

assessment indicators. 177 

3.2. Weight calculation of indicators 178 

3.2.1. Standardize the original value of indicators 179 

In order to eliminate the problem of inconsistency in the dimension of the indicators, the range 180 

standardization method was used to standardize the original data. Since the positive and negative 181 

effects of vulnerability evaluation indexes on system vulnerability are different, different 182 

standardized treatment methods were adopted, as shown below. 183 

Positive indicator: 184 

𝑍𝑖𝑗 = (𝑋𝑖𝑗 −min(𝑋𝑗)) (max(𝑋𝑗) − min(𝑋𝑗))⁄              (1) 185 

Negative indicator: 186 

𝑍𝑖𝑗 = (max(𝑋𝑗) − 𝑋𝑖𝑗) (max(𝑋𝑗) − min(𝑋𝑗))⁄              (2) 187 

where, 𝑍𝑖𝑗 is the standardized value of the ith evaluating object on the jth indicator, and 𝑋𝑖𝑗 is the 188 

original value; max(𝑋𝑗) and min(𝑋𝑗) are the maximum and the minimum, respectively. 189 

3.2.2. Weight calculation method of indicators 190 

Assigning weight to indicators is a crucial step for assessment of vulnerability. Entropy weight 191 

method is a mature method belonging to the objective weighting approach (Yang et al., 2018). The 192 

basic idea of entropy weight theory is the greater the difference in value among the evaluation 193 

objects on the same indicator, the more important the indicator is (Zhao et al., 2018). In other words, 194 

Entropy weight method assign weight for indicators according to the information provided by each 195 

indicator, which can provide the basis for determining the weight of the indicators. The specific 196 

methods for entropy weight method are described as follows (Li et al., 2014): 197 

Assuming that there are n evaluation objects and m evaluation indicators, then the original data 198 

matrix R=(rij)m×n is formed. The entropy of indicator i is defined as: 199 

𝐻𝑖 = −𝑘∑ 𝑓𝑖𝑗ln𝑓𝑖𝑗
𝑛
𝑗=1                              (3) 200 

𝑓𝑖𝑗 = 𝑥𝑖𝑗 ∑ 𝑥𝑖𝑗
𝑚
𝑖=1⁄                                 (4) 201 

𝑘 = 1 𝑙𝑛𝑖⁄                                       (5) 202 

where: Hi is the entropy value of the ith indicator; k is the information entropy coefficient; fij is the 203 

proportion of the value of the j object in the ith indicator. 204 

The higher the indicator's entropy is, the greater its weight in all indicators is. The entropy 205 

weight wi of the ith index is: 206 

𝑤𝑖 = (1 − 𝐻𝑖) (𝑛 − ∑ 𝐻𝑖)
𝑛
𝑖=1⁄                       (6) 207 

3.2.3. Vulnerability assessment and gradation 208 

According to the normalized result of indicators and weight calculation result, the assessment 209 



method of ecological vulnerability and social vulnerability in Qinghai province was constructed, 210 

and the formula for calculating ecological vulnerability index (EV) and social vulnerability index 211 

(SV) is as follows: 212 

𝐸(𝑆)𝑉 = ∑ 𝑥𝑖 × 𝑤𝑖
𝑛
𝑖=1                             (7) 213 

Where, EV is the ecological vulnerability index; SV is social vulnerability index; n is the number of 214 

evaluation indicators; xi is the normalization result of each indicator; wi is the weight of each 215 

indicator. EV or SV values range from 0 to 1, and the higher the value, the higher the degree of 216 

vulnerability is. 217 

The comprehensive vulnerability grade was obtained by the natural break points (Jenks) 218 

method, which minimizes within-class variation and maximizes between-class variation (Liu et al., 219 

2017) through the ArcGIS (Version 10.6) software (Table 4). During this procedure, the degree of 220 

EV was reclassified into five categories: potential, light, medium, heavy and very heavy. 221 

Table 2 Weights of ecological vulnerability indicators 222 

Objective Dimensionality Indicators Effect direction Weight 

EV 

Exposure 
Population density + 0.0034 

Grazing capacity per grassland area + 0.1226 

Sensitivity 

Annual mean temperature - 0.0621 

Annual precipitation - 0.0902 

AT0 - 0.0971 

Humidity index - 0.0833 

Annual mean wind speed + 0.0550 

Soil organic matter content - 0.0339 

Soil texture + 0.0343 

Altitude + 0.0634 

Slope + 0.0571 

Adaptability 

Annual vegetation coverage - 0.0876 

NPP - 0.1261 

Biological richness index - 0.0839 

Note: + represents a positive indicator, the higher the value, the higher the vulnerability; - represents a negative 223 

indicator, the higher the value, the lower the vulnerability, the same as below. 224 

Table 3 Weights of social vulnerability indicators 225 

Objective Dimensionality Indicators Effect direction Weight 

SV 

Exposure Mean value of ecological vulnerability + 0.1329 

Sensitivity 

Proportion of animal husbandry employees + 0.1133 

Proportion of rural population + 0.0887 

Livestock inventory + 0.3249 

Adaptability 

Per capita net income of farmers  - 0.0617 

Proportion of cultivated land area - 0.0781 

Grain yield per unit of cultivated area - 0.0739 

Meat production per unit of livestock - 0.0238 

Proportion of nature reserve area - 0.1027 



Table 4 Ecological and social vulnerability classification scheme 226 

Grades 

Ecological vulnerability Social vulnerability 

Range 
Area ratio 

(%) 
Range 

Number ratio 

of counties (%) 

Potential 0.2603 - 0.4544 11.89 0.2541 - 0.3594 7.14 

Light 0.4544 - 0.5197 21.36 0.3594 - 0.5120 26.19 

Medium 0.5197 - 0.5832 24.71 0.5120 - 0.5476 26.19 

Heavy 0.5832 - 0.6466 27.90 0.5475 - 0.5804 16.17 

Very heavy 0.6466 - 0.7800 14.14 0.5804 - 0.8096 23.81 

4 Results 227 

4.1 Spatial distribution of ecological vulnerability 228 

The spatial distribution of the average ecological vulnerability grades in Qinghai province from 229 

1995 to 2015 is shown in Fig. 2a. It demonstrates grades from potential vulnerability (green) to very 230 

heavy vulnerability (red). The overall ecological vulnerability of the area presented a trend of low 231 

in the eastern and southern part and high in the western and northern parts. Very heavy vulnerability 232 

areas were mainly distributed in the western TRHR and Qaidam Basin, including counties such as 233 

Haixi, Zhiduo and Geermu. Areas of heavy vulnerability were mainly distributed in the northern 234 

parts of the Qaidam Basin, the marginal area of Kunlun Mountains and the mid-west region of the 235 

TRHR, including counties like Delingha, Haixi and Geermu. Areas of medium vulnerability were 236 

mostly located in the southern part of the Qaidam Basin and the central region of the TRHR. Light 237 

vulnerability areas were distributed generally in the southeastern parts of the TRHR and the mid-238 

east region of Qinghai province, covering counties like Zaduo, Chengduo,Yushu, Dari, Tongde, 239 

Guinan, Gonghe. Potential vulnerability areas were mainly located in the east marginal area of 240 

Qinghai province, with additional smaller areas located in the south. 241 

 242 

Fig. 2. Distribution of the average ecological vulnerability grades in Qinghai province 243 

4.2 Temporal Changes of ecological vulnerability 244 



The overall ecological vulnerability, in Qinghai province from 1995 to 2015, increased first and 245 

then gradually decreased (Fig. 3b). As shown in Fig. 3a, potential vulnerability areas increased from 246 

10.32% to 14.21%, which represents the maximum variation. Light and medium vulnerability areas 247 

decreased slightly. The values changed from 21.33% to 20.77% and from 25.38% to 24.10%, respectively. 248 

Heavy and very heavy vulnerability areas firstly increased, then decreased and then increased marginally, 249 

ranging from 26.75% to 28.89% and from 12.76% to 15.20%, respectively. The ecological vulnerability 250 

of eastern Qinghai, eastern TRHR and Qilian Mountains showed a downward trend, and eastern Qinghai 251 

experienced the greatest drop. However, Ecological vulnerability of Qaidam Basin and Western TRHR 252 

remained relatively stable. The change in vulnerability varied a lot between counties (Fig. 3c). For 253 

example, vulnerability of counties such as Dulan, Xining, Guide, Pingan and Ledu increased before 254 

decreasing, while vulnerability of counties like Wulan and Huangzhong fell and then rose. Vulnerability 255 

of several counties such as Haixi, Zhiduo, Geermu and Nangqian barely changed. The vulnerability of 256 

most counties declined from 1995 to 2015, and the greatest among them were the Jianzha, Gande and 257 

Zeku. However, Vulnerability rose remarkably in several counties such as Huangzhong, Huangyuan and 258 

Haixi. 259 

 260 

Fig. 3. Changes of ecological vulnerability in Qinghai province from 1995 to 2015 261 

4.3 Spatial distribution of social vulnerability 262 

The spatial distribution of the average social vulnerability grading in Qinghai province form 263 

1995 to 2015 was obviously different from ecological vulnerability, which basically showed an 264 

opposite trend (Fig. 4a). Very heavy vulnerability and heavy vulnerability areas were mostly located 265 

in the eastern Qinghai and eastern TRHR. A sum of 12 counties, which were mainly located in the 266 

area of Qilian Mountains and eastern Qinghai, were classified as medium vulnerability areas. 267 

A total of 11 counties representing a vast majority of the area experienced light vulnerability. 268 

These counties were mainly distributed in the Qaidam Basin and the TRHR. Haixi and Geermu were 269 

the only potential vulnerability area mainly distributed in the western part of Qaidam Basin and the 270 

western TRHR. 271 



 272 

Fig. 4. Distribution of the average social vulnerability grades in Qinghai province 273 

4.4 Changes in trends of social vulnerability 274 

Social vulnerability decreased continuously in Qinghai province from 1995 to 2015, and the 275 

biggest decline was from 2010 to 2015 (Fig. 5b). The proportion of very heavy vulnerability 276 

counties remarkably reduced from 52.38% to zero, while the proportion of potential and light 277 

vulnerability counties appreciated from 7.14% to 16.67% and from 11.90% to 69.05%, respectively. 278 

Although the proportions of heavy and medium vulnerability fluctuated, they declined in 2015 279 

compared with 1995. Social vulnerability in most counties decreased greatly, among them were 280 

Chengduo, Minhe and Menyuan, which registered the biggest drop in the top three. However, there 281 

were few counties such as Delingha, Henan and Yushu where social vulnerability figures either 282 

remained unchanged or appreciated slightly 283 

284 



Fig. 5. Changes of social vulnerability in Qinghai province from 1995 to 2015 285 

5. Discussion 286 

5.1 Vulnerability and the influencing factors 287 

Severe climate status are the primary causes of ecological vulnerability in certain region (Zhao 288 

et al., 2014; Xue et al., 2019; Yan et al., 2016). Western TRHR, which have very low precipitation, 289 

temperature and NDVI, was the region with the highest ecological vulnerability in Qinghai province 290 

(Fig. 2). Despite the relatively high elevation and low temperature of the eastern TRHR, abundant 291 

precipitation could provide favorable conditions for vegetation. Therefore, the vulnerability of 292 

eastern TRHR was lower compared to that of western TRHR. These results were also in line with 293 

other studies conducted in this field (Wei et al., 2015; Guo et al., 2016; Liu et al., 2017). Although 294 

the Qaidam Basin is located in a low altitude area with a higher temperature, the area is extremely 295 

dry and the growth of plants was impeded. As a result, the ecological vulnerability was relatively 296 

high except for some oasis areas. Eastern Qinghai recorded the lowest value for ecological 297 

vulnerability, which was mainly influenced by natural conditions. There were nonetheless some 298 

vulnerable areas in the east, such as Huangyuan, Guide and Nangqian, due to the high population 299 

density and livestock stock in this area. Qinghai-Tibet plateau has been warming and wetting 300 

continuously in recent decades (Chen et al., 2014; Huang et al., 2016), which led to the improvement 301 

of local vegetation growth (Luo et al., 2018). As a result, overall ecological vulnerability has been 302 

declining over time. Nevertheless, high intensity human activities, such as overgrazing, bring about 303 

the increase of ecological vulnerability in local areas (Gao et al., 2010; Li et al., 2019). 304 

Social vulnerability is not only affected by local ecological conditions and resource supply, but 305 

also closely related to regional economic development level and industrial structure (Wang et al., 306 

2014; Berrouet et al., 2019; Liu, et al., 2019). The ecological vulnerability of the eastern part of 307 

Qinghai province, including eastern Qinghai, eastern TRHR and Qilian Mountains, is lower than 308 

that of western parts. However, the livestock density in the eastern part of Qinghai province is 309 

significantly higher than other areas, resulting in a relatively large pressure on local ecosystem and 310 

a relatively high demand for grassland, making it a high-value area of social vulnerability (Fig. 4). 311 

Social vulnerability decreased in Qinghai province from 1995 to 2015, with eastern regions 312 

decreasing faster than western regions. On the other hand, due to the development of society, the 313 

income of farmers and herdsmen in Qinghai province continuously, and the proportion of the 314 

population engaged in agricultural and livestock production decreased gradually, resulting in a 315 

downward trend in overall vulnerability. On the other hand, economic development in the eastern 316 

regions is faster than in the western regions, and the proportion of personnel engaged in animal 317 

husbandry production also reduced drastically in the eastern region, resulting in a higher rate of 318 

decline of social vulnerability than in the western regions. 319 

5.2 Possible limitations of this study and outlook 320 

Overall, the vulnerability assessment results are reasonable. However, due to the large scale and 321 

relatively low spatial resolution data, the vulnerability assessment can only give us a regional 322 

vulnerability profile, and cannot fully reflect the real situation for a specific small region. As regional 323 

ecological and social vulnerability assessments are relatively basic research, it is necessary to further 324 

identify key study areas and conduct research that is more detailed. In addition, assessing the 325 



vulnerability of a specific target to a particular disturbance can provide a clearer guidance for the 326 

development of policies and measures. Hence, the vulnerability of what to what should be take into 327 

consideration before vulnerability assessment. 328 

6. Conclusion 329 

In this study, the vulnerability assessment index system was developed based on the framework 330 

of exposure-sensitivity-adaptability, and the entropy weight method was used to determine the 331 

indicator weight, we evaluated and identified the dynamic changes of the social and ecological 332 

vulnerability of Qinghai province from 1995 to 2015. Results show that key ecologically fragile 333 

areas were mainly located in the western TRHR and Qaidam Basin and severe natural conditions 334 

such as extreme cold and drought were the main factors causing its ecological vulnerability. Key 335 

social vulnerability areas were mostly distributed in the eastern Qinghai and Qilian Mountains and 336 

limited grassland resources and large numbers of livestock were important factors contributing to 337 

the social vulnerability. The overall ecological vulnerability showed a decreasing trend, but 338 

increased in local areas. With the rapid development of social economy, social vulnerability dropped 339 

significantly, especially in the eastern part of Qinghai province. Future research should focus on 340 

high-value areas of vulnerability and prominent problems, use high-resolution remote sensing data 341 

and combine field surveys to further conduct vulnerability assessments. 342 
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