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Abstract: As water trading has become increasingly used to optimize the allocation of water re-
sources, it has become necessary to transfer agricultural water allocations for economic development
and ecological environmental uses by way of water rights trading. In this paper, we constructed
an example water rights trading model in the arid oasis area of Shihezi Irrigation District (located
in Northwest China), using the field investigation method and governmental water management
decisions based on the systems theory of the agricultural water savings–economy–ecological environ-
ment. Furthermore, focusing on the added industrial value produced by trading water, the value of
the ecological services provided by fresh water, the negative value of the reduction in greenhouse gas
emissions, and the negative ecological value of reduced fertilizer application, a quantitative analysis
was carried out using the Shihezi Irrigation District as an example. The results showed that under
the most stringent water resource management plan and with the objective of returning land and re-
ducing water, the irrigation area can save 52,504,500 m3 of surplus water from the agricultural sector,
of which 49,879,300 m3 can be reallocated to the industrial sector and 2,625,200 m3 can be reallocated
to the ecological sector. Using the water rights transaction method, this regional agricultural water
saving could generate an industrial benefit equal to 35,024,300 yuan, an ecosystem service equal to
19,482,200 yuan, and an overall benefit equal to 54,420,500 yuan. The water rights trading model
proposed in this paper for an arid oasis areas can provide a reference for other arid areas, helping to
achieve the sustainable economic development of the economic and ecological environments in arid
oasis areas through water rights trading.

Keywords: water rights transaction; agricultural water savings–economy–ecological environment;
arid oasis area; water policy; system theory; Northwest China

1. Introduction

Water is a basic resource for economic and social development and a controlling
element of the ecological environment. The arid oasis area in Northwest China is an
ecologically sensitive and environmentally degraded area, and a core area for economic
development. The rational use of water resources plays a vital role in the sustainable
development of the region. Moreover, anticipated events such as climate change and
unexpected events such as COVID-19 have exacerbated the urgent need for efficient and
rational use of water resources [1]. In many parts of the world, managing water demand
by increasing supply is no longer possible, or can only be done by paying a greater price
than in the past [2]. In particular, industrial water consumption is increasing significantly
alongside continuous social and economic development. For arid areas that lack natural
water resources, new sources of water have to be sought. One option is to obtain water from
the agricultural sector through water rights trading [3]. In the development of international
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water rights and water rights markets, water rights transactions in Australia are generally
considered as a model. Grafton [4] constructed a relatively complete water rights market
framework by assessing market conditions using 26 indicators in four groups: institutional,
economic efficiency, fairness, and environmental sustainability indicators. The evaluation
found that the goals of policy makers and the establishment of relevant institutions have a
significant impact on the role of the water market. In addition, even a mature water market
needs to be strengthened by market governance and water rights systems. Wheeler [5]
proposed an evaluation framework for the establishment of water rights trading markets,
analyzing the potential obstacles in the construction of water markets and evaluating the
feasibility of water rights trading in developing areas. The authors believed that when
environmental water use goals are increasingly made a feature of policy, the market-based
redistribution method provides an attractive and practical means of facing uncertainties in
the future. Connell [6], Wheeler [7], and Grafton [8] took the Murray–Darling Basin in Aus-
tralia as an example and indicated that market-oriented water rights market performance is
better than government-led water resource management performance. Water rights trading
can promote water resource utilization efficiency, promote rational distribution of water
resources, improve the environment, and reduce water losses due to drought. Zeng [9]
proposed a joint probability interval multistage method, taking the Kaidu-Kongkong River
Basin in Xinjiang as an example through which to study the contribution of water rights
trading to the sustainable development of the region. The results showed that a reasonable
water resource trading scheme is an effective way to allocate limited water resources with
the goal of maximizing system benefits.

Another core issue of water rights trading is the determination of water rights trading
prices. Reasonable water rights transaction prices are the basis for the optimal allocation
of water resources and realization of sustainable development of the social economy and
ecological environment. In recent years, Chen [10] and Liu [11] used economic theories
to establish a game model to predict transaction prices for water rights trading; Wu [12]
applied the theory of complexity and adaptability to construct a bilateral bidding auction
model for water rights market transactions and analyzed the price formation mechanism
of water rights transactions; Xu [13] used a random forest regression algorithm model to
predict the price of water rights transactions in the western USA; Shen [14] introduced the
concept of a benchmark water price and established a water quantity measurement model
based on the actual transaction value of water to determine the water rights transaction
price; Zhang [15,16] and others used the production function (Cobb–Douglas function) and
emergy theory to construct a price model for water rights transactions between China’s
agricultural and industrial sectors, including transaction costs and profit prices. Further-
more, taking the northern part of China as an example for empirical analysis, the reasonable
water transaction price should be an interval value. In general, the current research on
water rights transactions has mainly concentrated on the market between agriculture and
industry, which is the most feasible market form in theory because the market between
agriculture and industry has the greatest potential [3]. Because agricultural production
consumes large amounts of water and fertilizer resources and has a negative impact on the
soil environment, scholars have carried out feasibility studies on the transfer of agricultural
water savings to ecology. A good ecological environment has a certain ecosystem service
function. With an increasing amount of water transferred from agriculture to ecology,
the conservation function of water resources plays a positive role in arid areas, for ex-
ample in controlling soil desertification, restoring dry downstream lakes, and improving
local climatic conditions. At the same time, from the perspective of greenhouse gas emis-
sions, natural desert ecosystems produce lower CH4 and N2O emissions than farmland
ecosystems [3,17–20].

Water rights trading is a multidisciplinary research area involving farmland wa-
ter conservancy, economics, management, and ecology. In the 1990s, Costanza [21] put
forward the idea of system theory. Researchers began to treat the complex system of
water resources–economic society–ecological environment from a systematic perspective.
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Nepal [22] studied water security issues in Nepal from the perspective of the relationship
between water, energy, and agriculture (food). Effective water management and gover-
nance requires a connection-based approach. Li [23,24] explored the nature of the water
resources–economic society–ecological environment system and analyzed the mutual feed-
back mechanisms of system evolution between the three components in a long-term time
series in Xinjiang. Moreover, we should not overemphasize the free market in the ideal
sense in the process of building a water rights transaction model, and must combine the
constraints of national conditions and factors associated with Chinese characteristics [25].
In the 1990s, Xinjiang introduced drip irrigation water-saving planting technology, vigor-
ously reclaimed wasteland, and developed planting agriculture, which led to a significant
increase in agricultural water consumption and unconventional cultivated land area, which
further affected the water use structure, rendering the regional planting structure and
industrial structure infeasible. Agricultural water consumption accounts for more than
90% of total water consumption throughout the year [26,27], and water shortages and the
irrational use of water resources have become serious safety issues that restrict Xinjiang’s
environmental quality and economic and social development. Therefore, taking the Shihezi
Irrigation District in Xinjiang as an example and using water to determine land and water
to determine development, this study explored the coordinated development relationship
of the agricultural water savings–economy–ecological environment system to establish a
water rights model for the arid oasis area in Xinjiang, Northwest China. Furthermore, we
utilized the transaction model, analyses of water-saving benefits, exploration of new devel-
opment concepts, rational allocation of water resources through water transactions, and
water management models to provide references for sustainable economic development in
arid oasis areas.

2. Modes and Methods
2.1. Construction of a Water Rights Transaction Model in an Arid Oasis Area in Xinjiang, China

The ecological environment in arid areas is fragile. Arid zones around the world are
responsible for 44% of contributions to global warming, and have been the most significant
areas in this regard over the past 100 years. Precipitation is an important factor affecting
arid areas [28]. Moreover, 38% of the world’s population are from arid zones, and these are
some of the most sensitive areas in terms of human activities and climate change. In recent
years, arid zones have been expanding and showing a trend of accelerated expansion [29].
However, as a result of the long-term reclamation of wasteland by humans, water resource
shortages have been aggravated and original ecological environments have been destroyed.
In accordance with the actual situation of the region, Xinjiang issued the Implementation
Plan for Comprehensive Agricultural Water Price Reform in Xinjiang Uygur Autonomous
Region (New Deal) in 2017 (Fa [2017] No. 29) and Guiding Opinions on Water Right
Reform and Water Market Construction in Xinjiang Uygur Autonomous Region (Xinzheng
Fa [2017] No. 30). In 2018, the completion of land rights confirmation of the Eighth Division
of Xinjiang Construction Corps laid the foundation for plan to “return land and reduce
water”. On the basis of governmental water management decisions, economic and social
development planning, and ecological environmental protection goals, a water rights
trading model was constructed for the arid oasis in Xinjiang, China (Figure 1).
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Figure 1. Water rights trading model in the arid oasis area of Xinjiang, China.

2.2. Overview of the Study Area—Taking Shihezi Irrigation District (Located in Northwest China)
as an Example

The Shihezi Irrigation District is one of the largest irrigation districts in the Manas
River Basin in Xinjiang, and the sixth largest irrigation district in China. The Shihezi
Irrigation District is the same administrative region as Shihezi City in the Xinjiang Uygur
Autonomous Region. It is located at 84◦43′–86◦35′ east longitude and 43◦21′–45◦20′ north
latitude. From south to north, the district contains the Tianshan Mountains, hilly piedmont
areas, sloping piedmont plains, and alluvial flood plains. The average altitude is 450.8 m.
The irrigation area is cold in the winter and dry and hot in the summer. The annual average
temperature is about 7 ◦C. The annual average precipitation is 154 mm, and the evaporation
is 1600~2000 mm. More than 90% of the irrigation area has adopted drip irrigation and
water-saving irrigation technology. More than 80% of the area’s crop production is cotton,
which is typical of the Xinjiang desert oasis agricultural irrigation area. In 2018, the total
economic and social water consumption of the Shihezi Irrigation District accounted for 78%
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of the area’s total water resources, far exceeding the internationally recognized standard
that water resource development and utilization in any region should not exceed 40%.
Furthermore, domestic experts believe that the water resource development and utilization
rate in the arid area of Northwest China should not exceed 70% [30,31]. This paper divides
the Shihezi Irrigation District into three areas: Shizongchang (Beiquan Town), 152 Regiment
(Shihezi Town), and 143 Regiment North Irrigation District (Huayuan Town), as shown in
Figure 2.
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Figure 2. Diagram of the Shihezi Irrigation Area.

2.3. Analysis Method
2.3.1. Calculation of Regional Agricultural Water-Saving Potential

The calculation of agricultural water-saving potential is the basis for the conversion
of agricultural water for nonagricultural purposes. According to the government’s water
management scheme, the transferable agricultural water saved in this irrigation area can
be divided into two parts: the amount of water that can be saved from the actual amount
of irrigation water under the management irrigation quota; and the amount of water that
can be saved under the measures of returning land and reducing water [32,33]. Under
the protection of food security, the returning land is mainly used to grow cotton-based
economic crops. Therefore, the water consumption savings component was calculated
using cotton. In summary, the proposed formula for calculating the total regional water
savings under the government water management scheme is as follows:

QJ = QG + QT (1)

QT =
qC ·MD

η
(2)

where QJ is the total water savings that can be traded in the area in m3; QG is the amount of
water that can be saved under fixed irrigation in the irrigation area in m3; QT is the amount



Water 2021, 13, 1233 6 of 13

of water that can be saved by returning farmland in m3; qC is the net irrigation quota
for cotton in m3/hm2; η is the irrigation water utilization coefficient of Shihezi Irrigation
District, 0.653 [34]; and MD is the planned area of retired land in the irrigation district
in hm2;

In the context of ecologically minded civilization construction and sustainable de-
velopment, the transfer of water saving from agriculture to industry must also take into
account the sound development of the ecological environment, because the development
at the expense of the ecological environment is not sustainable. Therefore, it is necessary to
determine the amount of water transferred from agricultural water-saving to industrial
water demand and ecological water demand. The calculation formula is as follows:

Qgy = QJ · I1 (3)

Qst = QJ · I2 (4)

where Qgy is the amount of saved agricultural water that becomes industrial water in m3;
QJ is the total water savings that can be traded in the region in m3; I1 is the transfer ratio of
industrial water consumption; Qst is the amount of saved agricultural water transferred
to ecological water consumption in m3; and I2 is the transfer ratio of ecological water
consumption.

2.3.2. Industrial Benefit Calculation Method

According to previous researchers’ [35,36] predictions concerning future water re-
source utilization in the region, and in combination with the 14th Five-Year Plan of Xinjiang
Production and the Construction Corps, the region is expected to see vigorous development
of a modern industrial system. Industrial water use will increase substantially, which will
become a major driving force for future water use in the arid oasis area. The calculation of
the industrial benefits in this study consisted of two parts: the conversion of agricultural
water into industrial water, which increases the value of the water resources, VO; and the
industrial added value generated by the transfer of water, Vb.

VO = (Ps − Pn) ·Qgy (5)

Vb =
Qgy

qgy
(6)

Vgy = Vo + Vb (7)

where Vgy is the added value of total industrial water in yuan; Ps is the transaction price
of agricultural water turned into industrial water in yuan/m3; Pn is the current value
of agricultural irrigation water in the irrigation area in yuan/m3; Qgy is the amount of
agricultural water savings diverted to industrial water in m3; and qgy is the amount of
water needed to produce 10,000 yuan of value in m3.

2.3.3. Ecological Benefit Calculation Method

The positive development of the ecological environment is related to the fundamental
and long-term interests of human survival and development. The U.S. Environmental
Protection Agency provides a simple definition of ecological benefits in their ecological
benefit evaluation strategic plan [37]: “The contribution of ecosystems to social well-being”.
Ecological benefit evaluation is a method to evaluate the changes in social welfare caused
by EPA policies and to give qualitative and quantitative description. As China incorporates
ecological benefits into its social and economic development evaluation index system, a
large number of studies focusing on the evaluation of the value of ecosystem services
have been published. From the perspective of water trade, this research measures the
benefits of the transition from agricultural water savings to ecological water use under the
government’s water management scheme. Freshwater resources have their own resource
value. In addition, farmland is not only an important place for soil carbon sequestration,
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but also one of the sources of greenhouse gas emissions. Measures to return land and
reduce water can reduce greenhouse gas emissions and alleviate climate change, which
positively affects the overall ecological environment of the arid oasis area. In general, the
two main considerations are the ecological service value that freshwater can provide and
the negative value of cultivated land ecosystem services.

The value of ecological services that freshwater can provide. The value of ecological
services provided by freshwater is mainly determined based on the price of drinking
water [19].

Vw = Qst · Pv (8)

where Vw is the ecological service value that can be provided by the ecological water
consumption of the agricultural water savings in yuan; Qst is the amount of agricultural
water savings transferred to ecological water consumption in m3; and Pv is the value of
domestic water for residents in yuan/m3.

The service value of the cultivated land ecosystem includes a positive value and
negative value. The positive value is mainly derived from the value of agricultural products.
Under the government’s water management scheme, the positive value is zero. The
negative value mainly comes from water consumption and fertilizer application, which
combined account for about 84.16% of the total negative value [38]. According to the fourth
assessment report of the United Nations Panel on Climate Change (IPCC), agricultural
activities account for 13.5% of all greenhouse gas emissions caused by human activities
[IPCC, 2007], and about 60% of CH4 and 61% of N2O in major greenhouse gas emissions
come from agricultural production. Moreover, the warming potentials of CH4 and N2O
on a 100-year scale are 25 times and 298 times that of CO2, respectively [IPCC, 2007,
2013]. Studies have shown that CH4 mainly comes from emissions from paddy fields,
and N2O mainly comes from emissions from dry land [17]. Because this study focused
on dry land cultivation in arid areas, only the negative value of N2O emissions was
considered. Moreover, the CO2 emitted by the respiration of the cultivated land ecosystem
is much less than the CO2 consumed by its photosynthesis, regardless of the amount of
CO2 emissions. In reference to the work of Qi [39] and Min [40] regarding the calculation
methods of greenhouse gas emissions from agricultural production in China and the value
of China’s farmland ecosystems, it is proposed that the negative value of N2O that can be
generated and the negative value of fertilizer use under the government’s water resources
management scheme are calculated as follows:

Negative value of greenhouse gas N2O emissions:

VN2O = Pc · Gwp ·MD · FN2O · 27.27% (9)

where VN2O is the negative value of N2O greenhouse gases in yuan; Pc is the carbon trading
price (the average cost of afforestation in China (273.3 yuan/t carbon) was obtained [41]) in
yuan/kg; Gwp is the global warming potential of N2O greenhouse gases, expressed in kg
(calculated as CO2) (using the warming potential to convert the same quality of N2O gas
into the equivalent CO2 greenhouse effect, the warming effect of 1 kg N2O is 298 times that
of 1 kg CO2 [IPCC, 2007]; therefore, take CO2 as 1, and N2O as 298); 27.27% is the mass
fraction of C in CO2; MD is the planned area of irrigated land to be retired in 2020; and
FN2O is the emissions of dryland crops (when fertilizing) in kg/hm2.

The negative value of the cultivated land ecosystem produced by the use of chemical
fertilizers: As a result of the low utilization rate for chemical fertilizers, the unused part
accumulates or migrates into the soil over time, causing a large amount of nitrogen loss and
non-point-source agricultural pollution [42–44]. The negative value of unused fertilizers is
calculated as follows:

Vh f =
n

∑
i=1

Ph f i ·MD · (1− t) (10)

where Vh f is the negative value of ecosystem services produced by the application of
chemical fertilizers in yuan; Ph f i is the price of different fertilizer types in yuan/hm2; n = 5;



Water 2021, 13, 1233 8 of 13

MD is the planned area of land retired in the irrigation district in hm2; and t is the fertilizer
utilization rate.

The total value of the relative increase in ecosystem services: Under systems theory
and ecological environmental externality benefits [45], returning land and water reduction
measures can reduce greenhouse gas emissions and soil environmental damage, thus
playing a positive role in sustainable economic and social development.

Vst = Vw + VN2O + Vh f (11)

where Vst is the total value that the ecosystem service can increase in yuan. The rest of the
symbols are the same as above.

3. Results and Discussion
3.1. Analysis of Regional Agricultural Water-Saving Potential

On the basis of our team’s previous research results [46], compared with the actual irri-
gation volume of the current farmland in the irrigation area, 22,642,200 m3 of surplus water
(approximately 15%) can be saved under the irrigation management quota. According to
the Work Plan for Retiring Land and Water Reduction of the Eighth Division of Xinjiang
Construction Corps and the Urban Master Plan of Shihezi City, the Manas River Basin
(Shihezi Irrigation District, Xiayedi Irrigation District, and Mosuowan Irrigation District)
of the Eighth Division has a planned land reclamation area of 17,333.4 hm2 in 2020, and the
planned land reclamation area of each irrigation area is taken as an average of 5777.8 hm2.
The cotton irrigation water quota is based on the Xinjiang Uygur Autonomous Region
Local Standard Agricultural Irrigation Water Quota. The cotton net irrigation water quota
is 3375 m3/hm2 at the southern edge of the Junggar Basin in northern Xinjiang under the
irrigation guarantee rate of 50% [47]. Substituting the above data into Equations (1) and (2),
the regional agricultural water savings were calculated to be 52,504,500 m3.

According to Yang’s [48] water demand calculation results for the Shihezi Irrigation
District in the Manas River Basin in 2020 (Table 1), the ratio of industrial and ecological
increased water in this area over many years was taken as the specific value of the water
that should be transferred from the agricultural water-saving amount to industrial and
ecological water. From 2010 to 2020, industrial water use in the irrigation area increased by
139,041,000 m3 and the ecological water demand increased by 7,125,300 m3. Therefore, the
ratio of industrial and ecological multitransfer was 0.95:0.45. Substituting into Equations (3)
and (4), Qgy is 49,879,300 m3 and Qst is 2,625,200 m3.

Table 1. Water demand of the Shihezi Irrigation District in 2020 (104 m3).

Horizontal Year Irrigation District Name Agriculture Industry Ecology

2010 Shihezi Irrigation District 24,681.8 6933.4 4543.77
2020 Shihezi Irrigation District 27,307.8 20,837.5 5256.3

Note: 2010 is the base year. Data source: Reference [48].

A lower agricultural water price is not conducive to improving farmers’ awareness
of the need to save water during irrigation; it is one of the reasons for the large volumes
of irrigation water used. According to the game theory method, when the agricultural
water price in an irrigation area is increased to the full-cost water price, the actual irrigation
volume and quota management irrigation volume tend to remain consistent and 15%
surplus water can be saved [49], which verifies the rationale of 15% of agricultural surplus
water under the irrigation management quota in this irrigation area. Moreover, there is still
a gap between the agricultural irrigation water utilization coefficient of the irrigation area
and the international advanced level. With the completed improvements to the canal system
of the irrigation area and the optimization of the irrigation system and irrigation equipment
under the current irrigation water quota, there is still a potential further improvement in
water saving. Secondly, according to the plan to reduce unconventional arable land in the
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region in 2020, the amount of reduced water is a fixed value. The amount of surplus water
saved under the returning land and water reduction measures should be a dynamic value
based on the area of returned land year to year. In general, the agricultural water-saving
potential in this region is great.

Water rights trading between the industrial and agricultural sectors is currently con-
sidered the most effective form of water trading [3]. This article used the added value of
industrial and ecological water use in the region over the next 10 years (using 2010 as the
base year) as the two available bases for the amount of water obtained from agricultural
water savings. Approximately 95% of agricultural water savings are transferred to eco-
nomic development needs and 5% of water savings are transferred to eco-environmental
water needs, which is in line with the most effective trading mode of water and the regional
demand for water resources. However, from the final value and advantages of the two,
it can be seen that the ecological value of 5% of the transferred fresh water accounts for
16.7% of the value of 95% of the transferred industrial water. As researchers begin to
consider independent systems such as water, soil, atmosphere, economy, and society from
a systematic perspective [22,23,50], ecological value can be seen to play an increasingly
important role in the overall system. In addition, human beings are developing an increas-
ingly profound understanding of the harmonious ecological environment, humanity and
water, and humanity and nature. In the initial water rights allocation of the basin and with
the continuous refinement of ecological environment indicators, the amount of water that
can be transferred to ecological needs will gradually increase, which provides a benefit for
the restoration of ecosystem service value in the whole arid oasis area.

3.2. Industrial Benefit Analysis

With the continuous improvement of China’s water rights trading market and the
gradual maturity of the water rights trading system, the core issue in water rights trad-
ing, namely the transaction price, has been extensively studied by scholars. According
to Zhang’s [15,16] research results on pricing models for water rights transactions be-
tween China’s agricultural and industrial sectors, the water price to be paid for turning
agricultural water into industrial water is an interval value: 0.74–1.10 yuan/m3 and 0.68–
1.22 yuan/m3. Taking the average value between the two as the industrial transaction
water value in this study (0.935 yuan/m3), Pn represents the current value of agricultural
irrigation water in the irrigation area: 0.25 yuan/m3. According to statistics from the
Xinjiang Water Resources Bulletin in 2018, the value-added water consumption of the
10,000 yuan water industry in the Shihezi area is 58.20 m3 [51]. From Equations (5), (6), and
(7), it can be concluded that the industrial benefits that can be generated by water trading
in this area are equal to 35,024,300 yuan.

A large proportion of agricultural water savings has been reallocated to the industrial
sector, which has produced considerable economic benefits. However, this process has
reduced the current water consumption of farmers and increased the cost input of water-
saving facilities, which impacts the interests of farmers. Compensation for agriculture is
an important issue. Robert [52] analyzed the phenomenon of agricultural water rights
transactions in Chile. He proposed a system to establish an equivalent exchange mechanism
through the water rights market to meet nonagricultural water use needs while protecting
the interests of farmers. Mattia [53] analyzed the phenomenon of agricultural water
rights trading in India and concluded that the relevant departments must issue a series of
compensation policies to compensate for the development of irrigated agriculture. On the
whole, a market-oriented mechanism should be established through which “agricultural
water-saving promotes industrial development, and industrial development feeds back
agricultural modernization.”

3.3. Eco-Environmental Benefit Analysis

Concerning the Shihezi Statistical Yearbook 2018 of the Eighth Division of Xinjiang
Production and Construction Corps [54], the domestic water price in Shihezi City is
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2.22 yuan/m3. Therefore, from Equation (8), the value of the freshwater ecosystem ser-
vices provided by the water resources of the agricultural water savings transferred to the
ecological sector is equal to 5,828,800 yuan.

The calculated negative value of the cultivated land ecosystem service includes the
negative value caused by greenhouse gas emissions and the negative value caused by
soil environmental pollution. According to experimental research by Huang [55], Yu [56],
and other scholars, N2O emissions from dryland crops (without fertilization) are equal to
0.95 kg/hm2. The costs of different types of fertilizers per hectare of cotton were obtained
from the Compilation of National Agricultural Product Costs and Benefits 2018 (Table 2).
According to the research results of Qi [43], the fertilizer utilization rate is 34.17%; from
Equations (9) and (10), the negative value of greenhouse gas N2O emissions was calculated
to be equal to 1,219,100 yuan, and the negative value of chemical fertilizers was equal
to 12,535,100 yuan. Wang [57] and Liu [38] considered the greenhouse gas emissions
generated by fertilization during the growth period of crops when calculating the negative
value of the cultivated land ecosystem services in China; these studies imply that the values
for greenhouse gas emissions in this paper are conservative.

Table 2. Fertilizer price of cotton per hectare (yuan /hm2).

Fertilizer
Type

Nitrogen
Fertilizer

Phosphate
Fertilizer

Potash
Fertilizer

Compound
Fertilizer

Other
Fertilizers

price 794.25 14.85 64.5 1843.2 578.85
Data source: Compilation of Costs and Benefits of National Agricultural Products 2018.

The total value of the relative increase in ecosystem services is equal to 19,482,200 yuan,
according to Equation (11). It can be seen that under the water management scheme
implemented by the government, the value of transferring agricultural water savings to
the industrial and ecological sectors through water trade is equal to 54,606,500 yuan.

In the context of environmental protection goals, the value of freshwater resource
ecosystem services is very considerable. The restoration of the ecosystem is a relatively long
process. The overexploitation of water resources has had an adverse effect on the ecological
environment [58], especially in the lower reaches of the basin [59]. Chen [60] cited the
Tarim River Basin in Xinjiang as an example in a study showing that the decline of the
groundwater level in the lower reaches of the basin had a significant impact on vegetation
degradation. For inland river basins in arid oasis areas, water resources are mainly supplied
from snowmelt in mountainous areas close to the oases. It is very difficult to replenish water
through external water transfer, which can cause other forms of environmental damage.
Due to human over-reclamation, global warming and the frequent occurrence of extreme
weather have seriously affected the atmospheric hydrological cycle. The value of farmland
environmental pollution caused by chemical fertilizers and plastic films exceeds the value
of basic services to the farmland ecosystem, which increases farmland productivity to
a certain extent but also aggravates the carrying load of the farmland ecosystem [20].
Simultaneously, excessive wasteland reclamation by humans causes damage to the service
function value of the original desert ecosystems, such as value associated with raw salt
production, water conservation, and climate regulation [42]. The measures of returning
land and reducing water have not only reduced the unreasonable use of water resources
and the pollution of farmland ecological environments, but also played a positive role in
reducing greenhouse gas emissions. Previous researchers found that the interprovincial
water transaction cost is high [5]; most arid oasis areas belong to inland river basins, and
the water rights transaction is basically considered at the same level of jurisdiction, or at an
even smaller scope. Therefore, the water rights transaction model constructed in this paper
has a wide application value for different arid areas.
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4. Conclusions

As the temperature rises and water resources deteriorate worldwide, an increasing
number of regions are making plans to implement water consumption controls. On the
basis of determining land by water, combined with the development status of Xinjiang’s
economic society and ecological environment, the water rights trading model constructed
for this arid oasis area has a certain practical guiding value for water resource management
in other arid oasis areas. To a certain extent, the goal of returning land and reducing
water has reduced the overexploitation and over-reclamation of land, the unreasonable
utilization of water resources, and the pollution of original land by human beings, and has
made a positive contribution to the restoration of regional ecological environment. It is
feasible to evaluate the overall benefit of agricultural water saving for regional sustainable
development via water rights trading in combination with relevant measurement indexes.

Under the most stringent water resource management and the goal of returning land
and reducing water, the total agricultural water saved in the study area was 52,504,500 m3;
thus, 49,879,300 m3 can be diverted to the industrial sector and 2,625,200 m3 to the eco-
logical sector. Through the water trading method, regional agricultural water saving can
generate an industrial value equal to 35,024,300 yuan, an ecosystem service value equal to
19,482,200 yuan, and an overall benefit equal to 54,606,500 yuan. Furthermore, the above
values are relatively conservative. The contribution of freshwater resources to other indus-
tries should be considered in depth in future research. With the construction of national
standard for farmland, the optimization of the agricultural planting structure, innovation
in industrial water technology, and the continuous improvement of government water
resource management, we expect to see be more and more water rights transactions be-
tween different departments and industries, and within departments and industries. Water
trading can be used to optimize the structure of water use management and to achieve
sustainable development of the water resources–economic society–ecological environment
system in arid oasis areas.
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