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An exploitable amount of groundwater in arid regions is related to changes in water resource utilization patterns, and the traditional water resource allocation model assumes a constant exploitable amount of groundwater. In this study, a water resource allocation model consisting of a water resource optimal allocation module, an exploitable amount analysis module, and a mutual feedback iterative module connecting the abovementioned two modules is established based on the dynamic exploitable amount of groundwater. The proposed model is applied to Jinghe County, Xinjiang, which is one of the most arid regions in the world. The results show that the actual exploitable amount of groundwater in 2035 will be 181.54 million m³ when changes in the exploitable amount of groundwater in response to changes in the water resources utilization patterns are considered, which is 43.99 million m³ lower than the current amount, and the groundwater supply will be 167.82 million m³. However, the groundwater supply based on the current exploitable amount of groundwater (225.53 million m3) will be 188.29 million m3, which is 6.75 million m3 higher than the actual exploitable amount of groundwater and thus may lead to groundwater overdraft. This is mainly attributed to the reduction in the exploitable amount of groundwater with the reduction in farmland, and it is estimated that the exploitable amount of groundwater would be decreased by about 110,000 m3 with the reduction of 1 km2 farmland. The results of this study underline the need to consider changes in the exploitable amount of groundwater in the allocation and management of water resources in arid regions, and the model developed in this study can provide an effective tool for rational allocation of water resources in arid regions.
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1 INTRODUCTION
It is vital to balance water supply and demand for water resource management in arid regions where water resources are very limited (Singh, 2014; Wu et al., 2016). As precipitation is limited or even absent in such regions, groundwater is considered to be the most common and reliable water source because of its easy availability and low cost (Haque, 2018; Bloomfield et al., 2019; Cuthbert et al., 2019). However, many problems are likely to be encountered for long-term over-exploitation of groundwater, such as groundwater recession, land subsidence, and groundwater contamination (Park and Aral, 2004; Rahmati et al., 2019). A reduction in stream flow that is hydraulically connected to groundwater may impact the aquatic and riparian ecosystems and consequently lead to a range of ecological and environmental problems (Huang et al., 2018; Flores et al., 2020). Over recent years, rapid economic and social development, urbanization, over-exploitation of water resources, and climate change have placed additional stress on water resources (De Fraiture and Wichelns, 2010; Sarpong et al., 2020) and significantly changed the relationship between recharge and discharge of groundwater, making it more difficult for groundwater utilization and protection (Ghimire et al., 2021). Thus, many concerns have been raised about how to protect groundwater and ensure the safety of water supply.
In regions that rely heavily on groundwater for water supply, it is essential to optimize the allocation of surface water and groundwater in order to utilize the limited water resources more effectively and efficiently (Liu et al., 2020; Sampathkumar et al., 2021). The exploitable amount of groundwater is an important boundary condition for water resource allocation (Kun et al., 2014), and thus it is vital for rational exploitation of groundwater and optimal allocation of water resources (Liu et al., 2008; Haiyuan et al., 2013). In general, the exploitable amount of groundwater is assumed to be constant in different level years for the sake of simplicity in water resource allocation models because of the large storage capacity and the multi-year regulation of the aquifer (Li et al., 2006; Xiang et al., 2016; Yang et al., 2016). However, this assumption may not be valid in real-world scenarios because surface water and groundwater interact dynamically (Frey et al., 2021), and the exploitable amount of groundwater varies substantially with many factors such as the underlying surface conditions and water resource utilization practices (Shekhar and Pandey 2015; Wang et al., 2021). In arid regions where there is limited natural recharge and groundwater is recharged mainly by surface water (Wu et al., 2021; Zhang et al., 2021), water resource utilization patterns may have greater impacts on the exploitable amount of groundwater (Wang et al., 2021). For instance, groundwater recharge can be affected by changes in irrigation practices (e.g., implementation of water-saving irrigation), ecological water replenishment of rivers and lakes, reconstruction of water supply and drainage networks, maintenance and reinforcement of canal systems, etc. (Jayakumar and Lee 2016; Wang et al., 2016; Wakode et al., 2018; Xie et al., 2019). However, although the dynamic changes of the exploitable amount of groundwater are taken into account in the joint allocation of surface and subsurface water (Liu, 2007; Haiyuan et al., 2013; Afshar et al., 2021), little is known about the causes and effects of such changes.
The Xinjiang Uygur Autonomous Region of China (Xinjiang for short) is one of the driest regions globally, and the limited water sources make it difficult to coordinate economic development and ecological sustainability. It can be said that water is the most critical strategic resource in Xinjiang. Because of the ecological degradation resulting from irrational resources of water resources in past years, groundwater exploitation is now strictly controlled to ensure the ecological safety of the region. Many attempts have been made to reduce the demand for water resources by reducing cultivated land and divert water from other sources instead of groundwater. The water resource utilization pattern is changing, which may lead to changes in the exploitable amount of groundwater. Thus, it is no longer appropriate to use the average exploitable amount of groundwater as the constraint of groundwater supply in the future.
In this study, a water resource allocation model is established based on the dynamic exploitable amount of groundwater in response to changes in water resource utilization pattern. The model includes the water resource optimal allocation module and the exploitable amount analysis module, and they help realize the interaction through the mutual feedback iterative module. A case study is performed in the Jinghe County, Xinjiang, China, where there are strict requirements on river and lake ecological protection. The model is used to calculate the exploitable amount of groundwater and the optimal water resource allocation scheme in different level years in the future. The influencing factors of the exploitable amount of groundwater and the inflow of water from the river to the lake are identified and quantified. This study may provide technical support for rational allocation of regional water resources.
2 MATERIALS AND METHODS
2.1 Model framework
The proposed water resource allocation model based on the dynamic exploitable amount of groundwater consists of three modules, namely, the water resource optimal allocation (WROA) module, mutual feedback iterative (MFI) module, and the exploitable amount analysis (EAA) module. The exploitable amount of groundwater derived from the EAA module is input into the WROA module and repeatedly checked and adjusted by the MFI module. In this way, the three modules are coupled to achieve optimal allocation of water resources in response to changes in the exploitable amount of groundwater. The framework of the proposed model is shown in Figure 1.
[image: Figure 1]FIGURE 1 | Framework of the proposed model.
2.2 Model construction
2.2.1 Water resource optimal allocation module
The WROA module is based on water balance in both natural and artificial water cycles using administrative districts as the calculation unit. The objective of the module is to minimize water shortage and water loss, in which groundwater supply is constrained by the exploitable amount of groundwater determined in the MFI module, and it is calculated at a monthly time step using Windows GAMS2.5 software developed by the World Bank and the United States General Corporation. First, important nodes (e.g., water conservancy projects, calculation units, and channel intersections) in the planning year are set according to the water resource utilization practices, which are connected through transmission and drainage lines to form a network system. Second, water demand and hydrological data for each calculation unit in different scenarios and planning years are input. Third, the objective functions, constraints, equilibrium equations, and initial parameters of the model are set, where the initial exploitable amount of groundwater is set to the multi-year average of recent 15–20 years. Finally, the monthly optimal allocation of water resources is obtained for each calculation unit in a given planning year by optimization calculation.
(1) Objective function
>[image: image]
where fi(x), i = 1,…,3 is the objective function, in which f1(x) is the objective function for water loss of wetlands and lakes, f2(x) is the objective function for water shortage, and f3(x) is the objective function for water loss of reservoirs; and wi is the weight of objective i, which is used to indicate the priority of different objectives.
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where [image: image] is the weight coefficient of each lake and wetland and [image: image] is the water shortage of the lake in a year.
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where [image: image] is the weight coefficient of each calculation unit; [image: image], [image: image], [image: image], [image: image], and [image: image] are the weight coefficients of water supply for urban domestic, industrial, urban ecological, agricultural, and rural domestic purposes, respective [image: image]ly; and [image: image], [image: image], [image: image], and [image: image] are the water shortage for urban domestic, industrial, urban ecological, agricultural, and rural domestic purposes in a year, respectively.
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where [image: image] is the weight coefficient, which is used to indicate the importance of reservoirs; [image: image] and [image: image] are the weight coefficients of reservoir discharge in the flood and non-flood periods, respectively; [image: image] is the water supply of each reservoir in a month; and [image: image] is the discharge of each reservoir in a month.
(2) Constraints
[image: image]
where [image: image] is used to indicate the reservoir storage capacity, groundwater supply, flow rate of rivers, discharge, storage of river channels, etc; [image: image] is used to indicate the maximum reservoir storage capacity, groundwater supply, flow rate of rivers, discharge, storage of river channels, etc.
(3) Water balance equations
Reservoirs:
[image: image]
Nodes:
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Calculation units:
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where [image: image], [image: image], [image: image], [image: image], and [image: image] are the inflow, discharge, storage, water supply, and water loss, respectively.
2.2.2 Exploitable amount analysis module
The EAA module is used to determine the exploitable amount of groundwater by the groundwater exploitation coefficient method, in which groundwater recharges from different sources, including rainfall infiltration recharge, groundwater lateral recharge, river infiltration recharge, pipe leakage, canal infiltration, and field infiltration, are calculated using water resource allocation obtained in the WROA module as the input. The equation of the groundwater exploitation coefficient is described as follows:
[image: image]
The general equation of groundwater recharge:
[image: image]
The equation of groundwater lateral recharge:
[image: image]
where [image: image] is the exploitable amount of groundwater; [image: image] is the exploitable coefficient of groundwater; [image: image] can be rainfall infiltration recharge, groundwater lateral recharge, rainfall infiltration recharge, river infiltration recharge, pipe leakage, canal infiltration, or field infiltration; W can be precipitation, river runoff, pipe network water supply, canal diversion, or field irrigation water; [image: image] is the groundwater lateral recharge; k is the average permeability coefficient of the recharge section; I is the groundwater slope of the recharge section; B is the width of the recharge section; and M is the average thickness of the aquifer at the recharge section.
2.2.3 Mutual feedback iterative module
The MFI module is used to determine whether or not the exploitable amount of groundwater output by the EAA module should be updated based on the error, which is fed back to the WROA module as a constraint. Once the error is acceptable, the next step is to determine whether there exist over-exploitation of groundwater and under-utilization of water supply capacity. The water demands and water resource utilization practices would be adjusted if necessary until all requirements are met. The feedback and iterative calculation between the WROA and EAA modules make it possible to obtain the optimal water resource allocation and the dynamic exploitable amount of groundwater.
1) Error of the exploitable amount of groundwater
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where K is the number of iterations, K = 1,2,…,n and [image: image] is the error threshold, which is set to 0.01% in this study.
2) Conditions for water supply to satisfy the availability constraint
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where [image: image] and [image: image] are the groundwater supply and the total water supply obtained at the Kth iteration in the WROA module, respectively; [image: image] is the exploitable amount of groundwater at the Kth iteration in the EAA module; and [image: image] is the available water resources.
2.3 Study area and data
2.3.1 Study area
The Jinghe County (44°02′–45°10′N, 81°46′–83°51′E; Figure 2) is located in the northwest of Xinjiang, China, with a total area of 10,559 km2. The county is known as a traffic hub connecting the economic belt of the northern slope of Tianshan Mountain and a major town on the northern route of the ancient “Silk Road”. The annual average amount of water resources is 9.4 billion m3, the annual average precipitation is 243.8 mm, the average evaporation of the water surface is 1,650.3 mm, and the drought index is as high as 6.77. As surface water is lacking in the region, groundwater is used as the main source of water for various purposes. In 2018, the groundwater supply was 312 million m3, accounting for 50.6% of the total water supply. Agriculture is the largest local water user, and agricultural irrigation accounts for 94% of the total water consumption, 96% of which is derived from groundwater supply. Due to the large-scale exploitation and utilization of groundwater, the groundwater level declines continuously, and the groundwater level is decreased by about 3.24 m from 2007 to 2018 (Figure 3). Ebinur Lake, the largest saline lake of Xinjiang, is the rail lake of the Jing River. This region, which is one of the main sources of salt dust in Central Asia (Liu et al., 2015), plays a critical role in the climate and ecological system of Xinjiang and Central Asia (Abuduwaili et al., 2010; Liu et al., 2011). The rapid social and economic development of Jinghe County leads to an increase in the water intake from the Jing River and a decrease in the inflow from the Jing River to Ebinur Lake and consequently the shrinking of the lake area. In the 2010s, the area of Ebinur Lake was only 1/3 of that in the 1950s. Wetland desertification and vegetation degradation are also observed. These ecological issues have become of particular concern to the local government (Zhang et al., 2010).
[image: Figure 2]FIGURE 2 | Location of Jiange County in the northwest of Xinjiang, China.
[image: Figure 3]FIGURE 3 | Decline of groundwater level by about 3.24 m from 2007 to 2018.
Water resources play a crucial role in sustainable development of this area. In order to prevent groundwater recession and ecological degradation, the local government determines to accelerate the reduction of farmland, optimize the planting structure and industrial layout, and adjust the water resource allocation patterns. Given the potential impacts of these measures on the exploitable amount of groundwater, there is a need to better understand how to explore groundwater in a safer and more efficient manner for the Jinghe County.
2.3.2 Data
The socio-economic data were collected from the Jinghe County Statistical Yearbook; the water supply data were collected from the Jinghe County Water Resources Bulletin; and the long-series runoff data, engineering parameters, and other hydrological data were collected from the Jinghe County Water Resources Bureau. Atmospheric precipitation infiltration recharge coefficient, river infiltration recharge coefficient, canal leakage recharge coefficient, and field infiltration recharge coefficient in the EAA module were obtained from the experiment of Dong and Deng (2005).
2.3.3 Model parameter settings
According to the generalization method of water resource allocation (Wei and Wang, 2007), the status quo, water conservancy project plans, and water resource allocation practices in the Jinghe County, the study area is divided into three water resource regions, eight calculation units, three reservoir nodes, 12 county- or district-level water plants, six groundwater sources, one node for water transfer, three basin control sections, and 22 water diversion and catchment nodes, which is schematically shown in Figure 4. The year of 2018 is taken as the current level year (base year), and the years of 2025, 2030, and 2035 are taken as the planning level years. The monthly runoff data for the period 1956–2016 are used for reservoirs and rivers.
[image: Figure 4]FIGURE 4 | Status quo, water conservancy project plans, and water resource allocation practices in Jinghe County.
2.3.4 Water demand schemes
In this study, two socio-economic developmental scenarios (high and moderate) are considered based on the National Economic and Social Development of the Jinghe County. These two scenarios differ in terms of socio-economic growth rates, including urbanization rate (55.8 and 50.5%), population growth rate (3.9 and 2.5%), and growth rate of industrial value added (8.4 and 7.8%). Three farmland reduction scenarios are considered according to the ratio of farmland reduction, and two water saving scenarios (intensive and moderate) are considered based on the improvement of future water use efficiency. The combination of these three scenarios yields three schemes of high water demand (HD), medium water demand (MD), and low water demand (LD) (Table 1). The future water demands of different sectors are obtained using the index quota method (Table 2).
TABLE 1 | Water demand scenarios of Jinghe County (amount: 106 m3, ratio: %).
[image: Table 1]TABLE 2 | Water demand schemes of Jinghe County (unit: 106 m3).
[image: Table 2]3 RESULTS
3.1 Result comparison of three schemes
The water resource allocation for each water demand scenario in 2025, 2030, and 2035 is determined using the proposed model based on the dynamic exploitable amount of groundwater (hereafter referred to as the dynamic scenario). Table 3 shows that in 2035, the total water supply for Scheme HD is 557 million m³, 32.1% of which is supplied by groundwater. Groundwater supply proportion is decreased by 9.3% compared to that of the base year (41.4%), with a shortage of 3.48 million m³. The total water supply for Scheme MD is 548 million m³, 30.6% of which is supplied by groundwater, and it is decreased by10.8% compared to that of the base year, with a shortage of 1.95 million m³. The total water supply for Scheme LD is 527 million m³, 30.0% of which is supplied by groundwater, and it is decreased by 11.4% compared to that of the base year, achieving a balanced water supply and demand.
TABLE 3 | Water resource allocation based on the dynamic scenario (amount: 106 m3, ratio: %).
[image: Table 3]The comparison of the three schemes reveals that Scheme HD has no industrial adjustment, large water demand, and heavy water resource pressure in the future. Scheme LD has a large proportion of farmland reduction that may inhibit agricultural development and undermine food security. Compared with Scheme HD and Scheme LD, the water demand to forecast Scheme MD is fully connected with the planning indicators of national economic development and moderately related to farmland reduction. The replacement of local water sources is realized by increasing the use of regenerated water and introducing a moderate amount of diverted water. Groundwater is no longer over-exploited, leading to a good balance between water supply and demand. The degree of water shortage is affordable for the planned development of industrialization and urbanization of the county and has only a moderate impact on agriculture that is the dominant economic sector of the county. Therefore, Scheme MD is recommended for water resource allocation.
3.2 Water resource allocation results of the recommended scheme
Table 3 shows that water demand in the base year is 605.49 million m³, and the total water supply is 544.34 million m³, 58.6 and 41.4% of which are from local surface water and groundwater, respectively. No regenerated water or diverted water is used. By 2025, the total water supply will be 54.653 million m³, 60.9, 34.6, 0.9, and 3.6% of which are local surface water, groundwater, regenerated water, and diverted water supply, respectively. By 2030, the total water supply will be 528.26 million m³, 60.6, 32.7, 1.4, and 5.3% of which are local surface water, groundwater, regenerated water, and diverted water supply, respectively. By 2035, the total water supply will be 548.08 million m³, 62.4, 31.8, 2.2, and 7.4% of which are local surface water, groundwater, regenerated water, and diverted water supply, respectively. Thus, there will be a significant increase in the use of regenerated water and diverted water in the future. No significant increase is observed in local surface water supply due to the decrease in future water demand. Regenerated and diverted water are mainly used to replace groundwater, which ensures no over-exploitation of groundwater and complementary utilization of multiple water sources.
3.3 Groundwater utilization results of the recommended scheme
Table 3 shows that the groundwater supply under the recommended scheme is 189.19, 172.80 , and 167.82 million m³ in 2025, 2030, and 2035, respectively, which decreased by 39, 45, and 46% compared with the actual situation, and the utilization rate of groundwater development is 97.5, 91.8, and 92.4% respectively, which meet Jinghe County’s policy of groundwater protection and controlled exploitation of groundwater.
At the same time, changes in water resource development and utilization patterns have an impact on the exploitable amount of groundwater in the study area. After iterative adjustment, the exploitable amount of groundwater under the recommended scheme is 194.13, 188.22, and 181.54 million m³ in 2025, 2030, and 2035, respectively. In order to explore the sources that affect the exploitable amount of groundwater, further analysis and discussion will follow.
4 DISCUSSION
4.1 Comparison between the dynamic scenario and constant scenario
The optimal allocation of water resources is also carried out assuming no change in the exploitable amount of groundwater for each level year (hereafter referred to as constant scenario), and the corresponding results are obtained and compared with those of the dynamic scenario. Table 4 shows that by 2025, 2030, and 2035, the total water supply of the recommended scheme (MD) under the constant scenario will be 552.8 , 531.16 , and 550.02 million m³, respectively. Compared with the dynamic scenario, the water supply is larger and the water shortage is smaller. Surface water supply is lesser and groundwater supply is greater. Both regenerated water and diverted water supply are equal according to the engineering design capacity. The constant scenario does not consider changes in the exploitable amount of groundwater and uses the exploitable amount of groundwater of the base year as 225.53 million m³ for the years of 2025, 2030, and 2035. The exploitable amount of groundwater under the dynamic scenario is decreased by 31.4 , 37.31 , and 43.99 million m³ in 2025, 2030, and 2035 compared with that in the base year, with a reduction rate of 14, 17, and 20%, respectively. Because exploitable amount as the constraint condition of groundwater exploitation in the constant scenario is larger than that in the dynamic scenario, the groundwater supply in the constant scenario is larger. Tables 3, 4 show that the groundwater supply of MD under the constant scenario is 196.76 , 174.11 , and 168.8 million m³ in 2025, 2030, and 2035, and the utilization rate of groundwater is 106.1, 103.8, and 103.7%, respectively. It is concluded that changes in water resource development and utilization patterns can significantly affect the exploitable amount of groundwater in the study area. If water resources are allocated without considering changes in the exploitable amount of groundwater, groundwater over-exploitation will occur, and the lower the ratio of farmland reduction is, the larger the over-exploitation ratio will be.
TABLE 4 | Water resource allocation based on the constant scenario (amount: 106 m3, ratio: %).
[image: Table 4]4.2 Effects of groundwater recharge on the exploitable amount of groundwater
Groundwater is recharged mainly by surface water in the Jinghe County. The variation of groundwater recharge from different sources and their effects on the exploitable amount of groundwater are shown in Table 5 and Figures 5–6. It is found that groundwater recharge under the recommended scheme is reduced by 25.31 , 45.43 , and 52.47 million m3 in 2025, 2030, and 2035 compared with that in the base year, respectively, with a reduction rate of 8, 14, and 16%, respectively. However, the recharge from canal leakage and field infiltration shows a decreasing trend, while that from river channel infiltration shows an increasing trend. Canal leakage has the greatest impact on groundwater recharge, which accounts for about 70% of the total reduction in groundwater recharge. This is because farmland irrigation leads to channel leakage recharge through channel water delivery, and the irrigation water reaches the field to generate field infiltration recharge. The reduction of farmland in the county leads to a substantial decrease in water demand for irrigation, which leads to less water supply for irrigation and eventually less channel leakage and field infiltration according to the principle of supply–demand balance. It is estimated that groundwater recharge would be decreased by about 120,000 m3, and the exploitable amount of groundwater would be decreased by 110,000 m3 with 1 km2 farmland reduction. The larger the area of farmland reduction, the smaller the groundwater recharge, and the greater the impact on the exploitable amount of groundwater. According to local requirements, the rate of farmland reduction is high at first; thus, farmland reduction has a more significant effect on the exploitable amount of groundwater in early periods. The decrease in local surface water supply and the increase in diverted water lead to an increase in the amount of water to be transferred through rivers and consequently an increase in the infiltration from river channels.
TABLE 5 | Groundwater recharge in Jinghe County (unit: 106 m3).
[image: Table 5][image: Figure 5]FIGURE 5 | Variation of groundwater recharge from different sources.
[image: Figure 6]FIGURE 6 | Effects on the exploitable amount of groundwater.
It is also noted that the proportion of farmland reduction in different schemes has no significant effect on the reduction in the exploitable amount of groundwater. This is because in order to prevent the deterioration of ecological environment, a small amount of water is still used for irrigation of forest and grassland returned from farmland in Jinghe County, which is smaller than that for the irrigation of farmland but still generates irrigation recharge.
In summary, farmland reduction is considered to be the main cause of decrease in the exploitable amount of groundwater in Jinghe County. However, the impact of water supply patterns should also be considered.
4.3 Variation and influencing factors of the inflow of Ebinur Lake under the recommended scheme
According to the Water Resources Protection Plan of the Bo River and Jing River Basin (YREC 2019), at least 178 million m3 of water should be introduced into the lake from the river per year in order to ensure the ecological sustainability of the lake. The inflow of Ebinur Lake under the dynamic scenario and constant scenario is shown in Table 6. It is found that due to the decrease of socio-economic water requirements and changes of water supply sources, the discharge from the Jing River to Ebinur Lake is increased and the minimum inflow (178 million m3) can be satisfied in all scenarios. The discharge will be increased by 200 m3 of the dynamic scenario per thousand cubic meter of water demand reduction in the Jinghe County. Water diversion is also increased, and reclaimed water is used as an alternative to conventional water sources. As a result, less local surface water is used and the amount of downstream flow is increased. It is also found that water discharge is lower in the dynamic scenario. This is because the exploitable amount of groundwater in the dynamic scenario is lower than that in the constant scenario, and consequently less groundwater is supplied, which results in an increase in supply from surface water and consequently a decrease in the discharge of the river downstream.
TABLE 6 | Inflow of water from the Jing River to Ebinur Lake under different boundary conditions of the recommended scheme (unit: 106 m3).
[image: Table 6]5 CONCLUSION
It is important to accurately determine the exploitable amount of groundwater for rational allocation of water resources. In this study, a water resource allocation model is proposed based on the dynamic exploitable amount of groundwater, which takes into account the effects of water resource development and utilization on the recharge and discharge of groundwater. The proposed model overcomes the shortcomings of the traditional water resource allocation, where the exploitable amount of groundwater is assumed to be constant. The model is applied to water resource allocation in Jinghe County of Xinjiang, and the following conclusions are obtained:
1) The total groundwater supply is estimated to be 168 million m3 in 2035, which is 58 million m3 lower than that in the base year, and the groundwater supply will be replaced by surface water, transferred water, and regenerated water. Under the recommended allocation scheme, the exploitable amount of groundwater is 182 million m3 in 2035, which is 44 million m3 lower that in the base year (226 million m3). The use of the current exploitable amount of groundwater in the planning level year may lead to over-exploitation of groundwater in future.
2) The decrease in the exploitable amount of groundwater in the Jinghe County is mainly attributed to the reduction in recharge, especially channel infiltration recharge, with the reduction of farmland. It is estimated that the groundwater recharge is decreased by about 120,000 m3 and the exploitable amount of groundwater is decreased by 110,000 m³ with the reduction of every 1 km2 of farmland.
3) Water demand decrease and replacement of water supply sources contribute to increasing water discharge from the Jing River to Ebinur Lake, and the minimum inflow requirement (178 million m3) is satisfied. The discharge is increased by about 200 m3 in the dynamic scenario as the water demand is decreased by 1,000 m3.
However, it is important to note that this study has focused on the effects of water resource development and utilization patterns on the exploitable amount of groundwater without considering the effects of climate change and underlying surface variations, which should be taken into consideration in future studies.
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