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Abstract 

In recent years, Xinjiang carried out a great deal of evaluation on its groundwater resources, 
but failed to unite the collective management, resulting in the waste of manpower and 
material resources, and not conducive to the further development of groundwater resources 
management in Xinjiang. This paper intends to sort out its preliminary, in order to be able 
to more clearly understand the challenges faced by groundwater development and 
protection in Xinjiang, with a view to finding a solution or a breakthrough. The problem of 
groundwater resources is simply summed up as two problems of groundwater exploitation 
potential and groundwater quality. In southern Xinjiang, water resources problems are 
dominated by natural factors. In Northern Territory, water resources problems caused by 
human factors are dominant, Their own characteristics and put forward corresponding 
suggestions. The northern part of Xinjiang should focus on improving the utilization of 
reclaimed water and the development of water-saving industries. The southern part of 
Xinjiang should take the development of water-saving agriculture and the utilization of salt 
water as a breakthrough point. 
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1. Introduction 

Groundwater resources are an important part of the natural environment and an extremely valuable 
natural resource [1]. Compared with surface water, groundwater has the advantages of wide 

distribution, good water quality and long-term water supply. It is an ideal source of water supply; 

especially in arid and semi-arid areas, it is the main and even the only source of water supply [2]. 

Located in the northwestern border of China, Xinjiang is the largest provincial administrative region 

with a land area of 166.49×104 km2 [3]. In 2015, the water production per unit area in Xinjiang was 

only 5.28×104 m3/km2, which was 17.92% of the national average water production per unit area in 

the same year, ranking third in the country, and water resources were relatively scarce. With the 
progress of human activities and the further improvement of production capacity, the degree of 

exploitation of groundwater has further deepened, and groundwater has become an important resource 

for economic development in various regions. In Xinjiang, China's typical arid and semi-arid region, 

its scarce groundwater resources have become an important factor restricting its socio-economic 

development and the improvement of residents' living standards. 
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2. Groundwater resources and mining status in Xinjiang 

In 2015, the amount of surface water resources in Xinjiang was 880.10×108 m3, and the groundwater 
resources were 545.00×108 m3. The deducted surface water resources and groundwater resources 

were calculated to be 494.70×108 m3, and the total water resources was 930.40×108 m3. The total 

calculated area of groundwater resources in Xinjiang is 120.82×104 km2, of which the calculated 

area of the hilly area is 69.91×104 km2, and the calculated area of the plain area is 50.91×104 km2. 

Xinjiang's cities and population are mainly concentrated in the oasis plain area. The average annual 

recharge of groundwater in the plain area is 337.60×108 m3, the total discharge is 340.50×108 m3, 

and the groundwater exploitation in the near and medium term is about 153.34×108 m3 [4]. However, 
since 2007, the groundwater intake of Xinjiang groundwater has exceeded 65×108 m3, and it has 

been growing rapidly year by year. By 2015, it has reached 119.40×108 m3, and the mining rate is 

up to 77.9 %. The development and utilization of groundwater has been Achieve a very high level 

[5]. The total amount of groundwater resources extracted in Xinjiang over the years is shown in Figure 

1. 

 

Figure.1  Total amount of groundwater resources in Xinjiang over the years（2001-2015） 

3. Problems facing the development of groundwater resources 

Groundwater resources refer to the general term for various types of groundwater that have value in 

use and have continuous replacement capacity [6]. Its utilization value mainly includes two aspects 

of water quantity (potential) and water quality, and it is also a key factor to be considered in the 

development, utilization and protection of groundwater resources at home and abroad. 

In recent years, Xinjiang's water conservancy departments, land and resources departments and other 
administrative departments as well as institutions of higher learning and other scientific research 

institutions have done a lot of resource evaluation work on Xinjiang groundwater resources. However, 

unified management has not yet been formed, resulting in a large number of repetitive and inefficient 

work, which cannot effectively promote the development of the protection and development of 

groundwater resources in Xinjiang. This paper intends to carry out preliminary combing, in order to 

understand more clearly the challenges faced by Xinjiang groundwater development and protection, 

in order to find a solution or breakthrough. The problem of groundwater resources can be summarized 
as two aspects: the potential of groundwater exploitation and the problem of groundwater quality. 
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3.1 Problems of groundwater exploitation potential 

The potential of groundwater exploitation refers to the exploitation capacity of groundwater under 
certain mining conditions in a certain area [7]. In 2005, Sun Baolin et al analyzed the potential of 

groundwater exploitation in the plains of Xinjiang. The results show that the Dongjiang area was in 

an over-exploited state in 2005, which is a non-exploitation potential area. Some parts of northern 

Xinjiang have mining potential, while the mining potential in southern Xinjiang Big [8]. In 2009, 

Deng Mingjiang analyzed the current situation and potential of groundwater exploitation in Xinjiang. 

It was concluded that the groundwater in eastern Xinjiang and the eastern part of the Tianshan 

Mountains was seriously over-exploited, and there was no potential for exploitation. The sustainable 
use of groundwater in Tacheng area was in crisis; only the groundwater in southern Xinjiang Has a 

certain mining potential [9]. In 2012, Yang Hongwei used the potential coefficient method and the 

potential modulus method to evaluate the exploitation potential of groundwater resources in the 

northern foothills of the Tianshan Mountains. Except for the groundwater resources in the Bozhou 

area and the southern part of Wusu, Urumqi and Changji, Kuitun City, Karamay City and Tacheng 

Area are all general potential areas or no potential areas [10]. In 2013, Yao Anqi conducted research 

on the groundwater multi-year monitoring data in the plain area of the Kurchu River Basin in Bazhou. 

It was found that the groundwater in the study area has been seriously over-exploited and the 

groundwater level has decreased year by year [11]. In 2013, Xie Hui et al. evaluated and analyzed the 

shallow groundwater potential in Changji City. The shallow groundwater in the area showed an 

overall balance of recovery, but there was no mining potential in the downstream area [12]. In 2016, 
Nurla Wushouer analyzed the groundwater potential of Atushi City in southern Xinjiang, where 

groundwater has certain mining potential [13]. In 2017, Zhang Xiao et al. evaluated the potential of 

groundwater exploitation in the plain area of Turpan Basin. The results show that the groundwater in 

the area has been seriously over-exploited and has no mining potential [14]. 

Based on the 2015 statistical yearbook data of Xinjiang Autonomous Region, this paper makes a 

preliminary evaluation of the potential of groundwater exploitation in various regions of Xinjiang 

according to the Technical Requirements for Groundwater Potential Evaluation (GWI-D4). Calculate 
the potential for groundwater exploitation: 

a=Q/Q m 

Note: Q - the amount of groundwater allowed to be mined; 

Q m - actual groundwater production; 

The calculation and evaluation results of groundwater potential in various states are shown in Table 
1. Table 2. It can be concluded that the overall underground water exploitation potential in Xinjiang 

is large, but the spatial difference is huge. There is no mining potential for groundwater exploitation 

in parts of eastern Xinjiang and northern Xinjiang. Sustainable use faces enormous challenges; while 

southern Xinjiang still has a certain potential. 

Table 1. Calculation and Evaluation of Groundwater Potential in Xinjiang 
area Groundwater resources Groundwater extractable amount Groundwater supply Mining potential coefficient Mining potential 

Urumqi 5.74 3.76 4.87 0.7721 no 

Karamay 1.03 0.67 0.88 0.7614 no 

Shihezi City 0.62 0.39 2.52 0.1548 no 

Changji 24.04 9.12 21.66 0.4210 no 

Tacheng area 31.67 9.45 17.43 0.5422 no 

Bozhou 15.59 4.90 6.2 0.7903 no 

Yili Prefecture 75.36 8.99 4.29 2.0961 large 

Altay area 45.65 6.25 0.34 18.3809 Large 

Turpan City 5.2 2.52 7.87 0.3206 no 

Hami area 9.72 3.65 5.14 0.7094 no 

Bazhou 75.57 7.11 16.7 0.4256 no 

Aksu area 68.73 36.43 7.4 4.9226 large 

Kezhou 43.87 24.70 0.67 36.8657 large 

Kashgar 80.18 22.82 21.49 1.0621 general 

Hotan area 61.99 12.58 1.94 6.4843 large 

total 544.96 153.34 119.4 1.2842 larger 

Note: Data from the 2015 Xinjiang Statistical Yearbook 
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Table 2. Evaluation criteria for groundwater exploitation potential 
Mining potential coefficient 0～0.6 0.6～0.8 0.8～1.2 1.2～1.4 1.4～ 

Mining level Serious over- mining Over mining balance Lower low 

Potential grading No general Larger large 

3.2 Groundwater quality problem 

Water quality issues include both natural groundwater quality and groundwater pollution. Xinjiang 
has a vast territory, and its special three-mountain and two-potential topography shows that the 

groundwater spatial and temporal distribution is uneven, and the groundwater quality is also very 

different [15]. Xinjiang is divided into three main evaluation areas: Dongjiang, Northern Xinjiang 

and Southern Xinjiang. 

3.2.1 Dongjiang Evaluation Area 

In 2014, Yang Guangyu used the single-factor evaluation method for monitoring data in the Turpan 
area in 2011 to evaluate the water quality. The results showed that the total amount of Class IV or V 

water in the groundwater of the study area accounted for 45.63% of the total survey points [16]. In 

2014, Zhang Wei et al. evaluated the groundwater quality of the proposed Hami Thermal Power Plant 

site. The groundwater in this area is V-type water, and the water quality is extremely poor [17]. 

3.2.2 Northern Xinjiang Evaluation Area 

In 2013, Xie Hui et al used the comprehensive water quality index method and concentration method 
to evaluate the quality of shallow groundwater in Changji area. The groundwater quality in this area 

is generally good, but there are signs of deterioration [12]. In 2013, Wang Wei et al. used the 

comprehensive evaluation plus note method and the single component evaluation method to evaluate 

the groundwater quality of the proposed water source in the northern part of Jimu Nai County. The 

water quality of the proposed source water source in the north was poor [18]. In 2014, Cheng Fan et 

al. used a single factor evaluation method to evaluate the groundwater in the Shihezi to the 105th area 

of the Manas River Basin. The results showed that the groundwater IV or V water quality in the region 
accounted for 78.00% of the surveyed wells [19]. In 2014, Ji Yuanyuan et al used a single factor 

evaluation method to evaluate the groundwater quality in the Ili River Valley. The groundwater 

quality in the northern part of the Ili River is good, but the pollution trend has appeared. The 

groundwater IV or V water quality in the southern part accounts for 10% of the survey, and the overall 

water quality is better. [20]. In 2014, Zhao Jiangtao used the single index evaluation method to 

evaluate the groundwater quality in the plain area of the northern slope of the Tianshan Mountains. 

In 2011, the IV or V category of the survey area accounted for 40.0% of the surveyed area, and the 

confined water accounted for 47.6%, and the pollution evaluation results showed pressure. Water 

quality is deteriorating [21]. In 2014, Li Qiao et al analyzed the spatio-temporal changes of 

groundwater quality in the northern plain of Xinjiang. In 2011, the area of IV and V water in the study 
area accounted for 83.6% of the Altay area, 61.2% of the Karamay area, and 24.46% of Bozhou. 

34.34% in Changji, 39.09% in Shihezi, 32.77% in Tacheng, 16.67% in Urumqi, and 14.85% in Yili. 

Groundwater in the study area except the southern part of Changji has deteriorated to varying degrees 

[22-23]. In 2015, Cheng Fan et al. used the fuzzy comprehensive evaluation method to evaluate the 

groundwater in the western plain of Changji Prefecture. The evaluation results showed that the V-

type water in the sampling point was located in Changji [24]. In 2015, Qu Fengjiao et al analyzed the 

distribution of fluoride in groundwater in Shihezi area, and the high fluorine area accounted for 24.56% 

of the total area of Shihezi [25]. In 2015, Lin Li et al. used the step evaluation method to evaluate the 

groundwater quality in Shihezi area. Class IV and V water accounted for 60.00% of the sampling 

points in the diving, 77.8% in the pressurized water, and there was a certain degree of pollution in the 

groundwater [ 26]. 
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3.2.3 Southern Xinjiang Evaluation Area 

In 2010, Wang Yiping et al. used the fuzzy comprehensive evaluation method to evaluate the shallow 
groundwater quality in Jixian County. The evaluation results showed that the amount of Class IV and 

V water in the groundwater accounted for 55.0% of the survey points [27]. In 2011, Zhao Yujie used 

a single index method, irrigation coefficient method and other methods to evaluate the shallow 

groundwater quality in the Yuli County plain irrigation area. The results showed that the water quality 

in the area was poor and should not be directly used for agricultural irrigation [28]. In 2012, Guo 

Xiaojing used the entropy weight set analysis method to evaluate the groundwater quality in the Tarim 

Basin. The water quality of the groundwater in the Aksu, Bazhou, Hetian and Kashgar areas (IV and 
V water) accounted for 28.0% and 64.7% of the local survey points respectively. 46.7%, 38.1% [29]. 

In 2012, Jia Ruiliang and others used a one-vote veto method to evaluate the groundwater quality in 

the Tarim Basin. The results showed that the distribution of water quality (IV and V water) in the 

Aksu, Bazhou, Hetian, Kashi and Kezhou regions accounted for 86.4 respectively. %, 90.4%, 97.20%, 

90.00%, 42.70%, accounting for 89.50% of the plain area of the Tarim Basin, and compared with the 

2003 evaluation results, the groundwater quality is deteriorating [30]. In 2012, Bai Chunyan and 

others used the groundwater monitoring data of the Tarim Basin in 2003 and 2011 to compare and 

analyze. In 2011, the proportion of IV and V water in the basin increased from 63.1% in 2003 to 

82.5%, and the groundwater quality deteriorated. ]. In 2013, Ji Yuanyuan et al used a single factor 

evaluation method to evaluate the groundwater quality in the Kashgar region of Xinjiang. In 2011, 

the groundwater IV or V water in the region accounted for 81.82% of the survey, and compared with 
the 2003 groundwater quality, there was 18.2% of the water quality. Better, 45.5% water quality 

worse [32]. In 2014, Zeng Yi and others used the single factor evaluation method to evaluate the 

groundwater quality in the Ruoqiang-Qiwei area. There was no I and II water in the evaluation area, 

while the IV and V waters accounted for 77.8%, and the confined water was IV. Class or V water 

[33]. In 2014, Zeng Yi and others used the single factor evaluation method to evaluate the 

groundwater quality and pollution status in Hotan. As a result, the IV and V water pools accounted 

for 90.00% of the monitoring sampling points, and 28.60% of the monitoring wells became better. ]. 

In 2015, Ji Yaqin used the single-index method to evaluate the groundwater quality of the Baotou 

Lake farm in the Peacock River Basin. The diving in this area was all V-type water, and secondary 

salinization occurred in the local soil [35]. In 2015, Zhao Jiangtao and others evaluated the organic 
pollution of the groundwater in the plain of the Yanqi Basin. The results showed that the groundwater 

had preliminary signs of pollution [36]. In 2016, Zeng Yi and others evaluated the groundwater 

quality in western Kashgar by using the single factor evaluation method. The results showed that the 

groundwater quality in the evaluation area was extremely poor. The diving and deep confined water 

were all Class IV or V water, only shallow pressure. 3.7% of the water meets drinking water standards 

and are all Class III water [37]. In 2016, Shao Jie et al used a single factor evaluation method to 

evaluate the groundwater in Huocheng County. The IV and V waters accounted for 12.96% in the 

diving and 6.9% in the confined water [38]. In 2016, Feng Fengjiao evaluated the safety of 

groundwater quality in the plain area of the Yarkant River Basin. The unsafe water for diving 

accounted for 78.60% of the total surveyed, and the unsuitable water for shallow confined water 

accounted for 88.20%. The deep confined water was unsafe water. 39]. In 2016, Meng Qi et al. used 
gray clustering method to evaluate the groundwater quality of the Oasis-Qi'an area oasis belt. The IV 

or V water in the evaluation area accounted for 66.7% of the total evaluation points, while the 

confined water evaluation points were all V. Water-like, water quality is extremely poor [40]. In 2015, 

Lu Zhiming used a single factor evaluation method to evaluate the safety of groundwater quality in 

the rural areas of the Yanqi Basin. Unsafe water accounts for 28% of the survey wells [41]. In 2017, 

Yang Peng et al analyzed the groundwater salinity of Tumushuke City. The results showed that the 

groundwater mineralization interval ranged from 0.73 to 13.16 g/L, of which salt water and salt water 

accounted for 60.0% of the statistics [42]. 
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4. Cause Analysis 

4.1 Natural factors 

Xinjiang is located in the central part of the Eurasian continent. It is a typical arid and semi-arid 
region. The annual average annual rainfall is 156mm, about one-fifth of the national average annual 

rainfall. The water production per unit area in Xinjiang is only six points per national average. One 

[43-44]. Its special three-mountain and two-basin features divide Xinjiang into two parts: southern 

Xinjiang and northern Xinjiang. The area of north and south Xinjiang accounts for 73% and 27% of 

Xinjiang respectively, while the total amount of water resources is roughly equal. The amount of 

resources is only one-third of that in northern Xinjiang [45]. Xinjiang is a resource-based water-

deficient area on a macro level, and it is most prominent in the Turpan and Hami areas [46-47]. 

Most of Xinjiang's rainfall is concentrated in mountainous areas, while towns and populations are 
mainly distributed in the oasis plains. The groundwater is subjected to long-distance migration and 

leaching by the mountainous recharge plain area, carrying the stratigraphic components to the plain 

area. The water level is shallow and the evaporation intensity is large. The salinity of the shallow 

groundwater is generally increased by evaporation and concentration. The water quality is poor or 

even unable to meet the requirements for use, which further leads to the reduction of the exploitation 

of groundwater resources in Xinjiang, especially in Kashgar and Hetian, southern Xinjiang. Areas 

and other areas have become more typical water-quality water-deficient areas [48-49]. 

4.2 Human factors 

4.2.1 Agricultural activities 

Xinjiang's agricultural water consumption accounts for 94.68% of the total water consumption in 
Xinjiang. However, agricultural water use has problems such as extensive irrigation, inefficiency, 

and serious waste, which indirectly leads to massive exploitation of groundwater and even transitional 

exploitation [50-51]. At the same time, the use of chemical fertilizers and pesticides in agricultural 

activities may cause pollution to soil and groundwater, and form agricultural sources of pollution. 

The degree of pollution increases with the continued use of chemical fertilizers and pesticides. The 

groundwater quality deteriorates further into an inferior source of inferior water, which can be further 

compressed. potential. In order to meet the continuation of agricultural production, only a new source 

of water can be opened, thus forming a vicious circle [52]. 

4.2.2 Living and industrial activities 

In recent years, the average annual sewage discharge in Xinjiang is 10.5×108 m3, of which the 

domestic sewage discharge of urban residents is 3.4×108 m3, and the discharge of industrial sewage 

is 6.2×108 m3, which accounts for 91.4% of the total sewage discharge in Xinjiang. A large amount 

of sewage is discharged into the natural world without treatment, and forms a point of pollution, 

which has a great impact on surface water, soil, groundwater, etc., resulting in poor water quality and 
aggravation of groundwater resources shortage [53]. 

4.2.3 Construction of water conservancy projects 

In order to meet the demand for water regulation, Xinjiang has built a large number of reservoirs. The 

leakage of the reservoir will cause the groundwater level in the surrounding area to rise. In the plain 

area, the soil salinization will be aggravated, and the groundwater mineralization will increase, which 

will further worsen the groundwater quality. [54]. There is also the construction of groundwater 
abstraction projects. The shallow groundwater in some areas of Xinjiang is poor in water quality and 

can only be used to mine deep groundwater. Therefore, it is necessary to stratify the water when 

mining, but there are substandard wells or in order to expand the amount of exploitation. Such 

problems lead to the direct penetration of water with better water quality and water with poor water 

quality, causing groundwater pollution. Often, over time, the quality of deep groundwater does not 

meet the requirements for use, and water resources are more scarce [55-56]. 
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5. Recommendations on the protection of groundwater resources 

There are obvious geographical differences in Xinjiang's hydrogeological conditions and problems. 
The problem of groundwater resources in southern Xinjiang is mainly based on water quality, and the 

influencing factors are mainly natural factors. The problem of groundwater resources in northern 

Xinjiang and eastern Xinjiang is dominated by water quantity, and human factors dominate. Therefore, 

it is very effective to carry out targeted protection according to its geographical characteristics and 

propose a solution tailored to local conditions. 

5.1 Northern Xinjiang and Eastern Xinjiang 

5.1.1 Reclaimed water use 

The industries in northern Xinjiang and eastern Xinjiang are relatively developed in southern Xinjiang, 
and the urban population is also more concentrated. Therefore, the discharge of industrial waste water 

and domestic sewage is huge, which will bring a series of challenges to environmental problems. At 

present, the use of recycled water has become more and more important at home and abroad. The use 

of recycled water in the United States, Japan and other countries has been at the world's leading level, 

and the use of recycled water in North China and East China has become increasingly mature [57-

58]. The annual renewable water supply in Xinjiang is about 100 million cubic meters, which is one 

tenth of the total discharge of sewage. The renewable water resources can grow enormously and have 

great water saving potential. The use of reclaimed water can not only alleviate the current situation 
of water shortage, but also reduce the discharge of sewage and reduce the environmental burden [59]. 

5.1.2 Water-saving industrial construction 

Xinjiang's annual industrial water consumption is about 850 million cubic meters, which has a wide 

water saving space. Strictly restrict the development of high-water-consumption and high-pollution 

enterprises and industries, actively guide the production technology reform of existing enterprises, 

reduce the single-use rate of water resources, increase the utilization rate of water resources, and 
improve the overall efficiency of water use. Encourage enterprises to promote water conservation for 

employees and improve their water-saving ideas and capabilities. 

5.2 Southern Xinjiang 

5.2.1 Water-saving agriculture construction 

Agricultural water accounts for 85.08% of the total groundwater exploitation in Xinjiang. The high-

efficiency water-saving agricultural area in Xinjiang is less than 41% of the total agricultural area 

[60], and high-efficiency water-saving agriculture is mainly distributed in the northern Xinjiang 

region. The functional departments guide the agricultural reform in southern Xinjiang through 

administrative means, curb agricultural extensive water use, transform traditional irrigation methods, 

and adopt advanced farmland irrigation techniques such as drip irrigation, sprinkler irrigation, and 
underground pipeline irrigation to reduce irrigation waste and reduce groundwater exploitation [61]. 

Encourage efficient agriculture, increase agricultural output value, and promote the efficiency of 

agricultural water use. 

5.2.2 Development of brackish water irrigation 

The current research shows that reasonable brackish water irrigation has less impact on the cultivation 

of cotton, corn, wheat and other crops, and even the yield is improved. At the same time, rational 
alternate irrigation with fresh water can effectively avoid soil salinization. The huge underground 

brackish water resources in southern Xinjiang will greatly reduce the pressure on underground 

freshwater resources caused by agricultural irrigation [62-65]. 

5.3 Strengthening the management of groundwater resources in Xinjiang 

The water resources management system in Xinjiang has not yet been perfected, and the groundwater 

abstraction system still needs to be improved [66]. Xinjiang local and corps have their own water 
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resources management departments, but the information and information between them are different 

from each other, resulting in waste of resources, forming a problem of multi-head water management 

and long-term water control. In this respect, we can fully learn the advanced experience of foreign 

countries. For example, the water resources of the State of Israel, Saudi Arabia and other countries 

are highly concentrated and unified, and they are uniformly deployed to realize the rational use and 

development of water resources. At the same time, the functional departments should speed up the 

construction of groundwater management, build a water resource market, and promote the 

establishment of a water rights conversion system. Strengthen the supervision of groundwater intake, 
impose penalties on units that violate the rules of mining, and close wells that are unreasonable or 

abandoned, to avoid further pollution of groundwater [67]. 

6. Conclusion 

The development and utilization of groundwater resources in Xinjiang must be based on sustainable 

development. Regardless of the problem of groundwater resources or the problem of water quality, 
the two are interdependent and mutually influential, and cannot be considered separately. Only by 

considering the two can maximize the protection of groundwater resources and realize the rapid and 

sustained economic development of Xinjiang. development of! 
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