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Abstract: China’s water rights transaction is still in the initial stage of development. There is no 

systematic pricing method for water rights transactions between farmers. This paper puts forward 

a pricing model of water rights transactions among farmers in water-deficient areas. The price of 

water rights transaction consists of cost price and earnings price. The earnings price is determined 

by studying the crop water production function, calculating the crop’s marginal benefit of the two 

parties, and combining the Cooperative Game Theory. Finally, the pricing model was applied to the 

water rights transactions among the farmers of Hetao Irrigation District of Bayannaoer City, Inner 

Mongolia Autonomous Region. Results showed that under the A4 trading strategy, the overall in-

come increased without losing the interests of any farmer. The increasing income of the three farmer 

households N1, N2, and N3 after the alliance was 8.14 thousand dollars, 4.66 thousand dollars, 

and 20.33 thousand dollars, respectively, and the water rights transaction prices of N3 and N1, N2 

were respectively 0.485 $/m³, 0.565 $/m³. It is estimated that the model can provide a scientific basis 

for water rights trading between farmers and the efficient use of water resources. 

Keywords: water rights transaction; earnings price; production function; marginal benefit;  

Cooperative Game Theory 

 

1. Introduction 

With the increase of water demand, the conflict between water supply and water 

demand has become increasingly acute. The efficient allocation and sustainable use of 

water resources are attracting more and more attention from water users, especially in 

arid or semi-arid areas [1], and people have been advocating for a market-based approach 

to resolve the problem of water allocation [2]. Water rights transactions can optimize the 

allocation of water resources and promote water conservation in irrigated areas [3,4]. Due 

to the large amount of water consumption, there is a great potential for water conservation 

in irrigated areas. Water rights transactions can help alleviate the imbalance between wa-

ter supply and water demand, and improve the water use efficiency and economic bene-

fits, thereby improving the economic productivity of water [5]. Due to the uncertainty of 

climate, the water rights transactions of water users also helps to improve the economic 

stability of irrigation districts [6]. Therefore, the study of water rights transactions is of 

great significance to the sustainable use of water resources and economic and social de-

velopment. 

At present, about 70% of the world’s fresh water is used for agriculture [7]. As irri-

gation areas continue to expand, the water demand for irrigation continues to increase 

[8], which itself will lead to frequent occurrence of water rights transaction. For instance, 
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water is used for agricultural irrigation in most areas of China, and some farmers reduce 

their water consumption, trading the saved water by reducing the planting proportion of 

high-water-consuming crops [9]. Chile has become a leading country in the world in terms 

of water law and water management methods, where the water rights are treated as pri-

vate property and can be sold as commodities [10]. In Australia, the water rights transac-

tion is divided into temporary water rights transaction and permanent water rights trans-

action, when the water rights are sold. 

Water rights transactions are mostly carried out within the agricultural system or 

between agriculture and industry. Many studies have shown that water rights transac-

tions can optimize the allocation of farmers’ water consumption, making both the irriga-

tion district management sector and the water users themselves able to obtain more ben-

efits [11,12]. Besides, the transfer of water from the agricultural sector to urban sector can 

reduce the cost of urban water conservancy, improve the efficiency of agricultural water, 

and increase revenue of the agricultural sector [13,14]. Yue et al. [15] established a water 

rights transaction model based on interval programming, and found that the water use 

efficiency of each region had been significantly improved after the water rights transac-

tion. 

Most of the research focuses on the returns of water rights transactions and water use 

efficiency, while a small number of studies focuses on the pricing of water rights transac-

tions and their formation mechanism. Cost orientation is the end point emphasized by the 

pricing of water rights transactions in the past [16]. Some scholars have considered the 

influencing factors of transaction price from other aspects. By introducing the econometric 

model to 80 farmers participating in the auction, Deng & Xu [17] analyzed the determi-

nants of water rights transaction price, and revealed the real price of water. Tian et al. [18] 

studied the influence of the comprehensive reform of agricultural water price on the for-

mation of water right transaction price, and advocated that the precision subsidy and wa-

ter conservancy incentive mechanism for agricultural water use have great impacts on the 

total cost of water rights transactions, which could greatly reduce their price. Michelsen 

et al. [19] studied the determinants and trends of water rights market prices, which are 

often attributed to the reliability of water supply (statutory priorities and hydrological 

conditions), location of supply and purpose of use. 

It can be seen from the above that a water rights transaction needs to be carried out 

extensively, but there is no systematic, fair, and reasonable pricing method for them. 

Game theory has a good prospect in transaction pricing, including non-cooperative game 

theory and cooperative game theory, the former only pursuing the maximization of per-

sonal benefits, while the cooperative game theory first seeks to maximize the overall in-

terests of the region, and then divides the interests reasonably to achieve greater self-in-

terest. Wu et al. [20], from the perspective of cooperative game, studied the pricing 

method of the secondary water right trading market and believed that the determination 

of secondary water right trading price is a process in which both parties in the game share 

water right premium and transfer premium. Liu et al. [21], on the other hand, established 

the Nash–Bargains cooperative pricing model between the government and water com-

panies to solve the equilibrium water price space in water right trade. 

This paper studied the pricing model of water rights transactions between farmers. 

The transaction price was composed of cost price and earnings price, with emphasis on 

earnings price. The rest of the paper was arranged as follows. The marginal benefit of 

crops was calculated through the production function, and then the irrigation quotas of 

crops were optimized to obtain the income of farmers and the amount of tradable water 

under different schemes. Then the Shapely value method of Cooperative Game Theory 

was used to redistribute the income of farmers in different alliances. Finally, the transac-

tion price under different alliance decisions could be calculated. This model conducted 

different kinds of alliances based on the optimization of irrigation quotas and calculated 

the corresponding transaction prices, taking into account the overall benefits of farmers 
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and reasonable distribution among them, and provided a basis for the pricing of water 

rights transactions among multiple participants. 

2. Materials and Methods 

2.1. Study Area and Data Sources 

2.1.1. Study Area 

The Hetao Irrigation District is located in Bayannaoer City in the western part of In-

ner Mongolia. It is a large-scale irrigation area in the middle reaches of the Yellow River. 

It includes the five sub-irrigation areas of Shenwu sub-irrigation area, Yichang sub-irriga-

tion area, Yongji sub-irrigation area, Jiefangzha sub-irrigation area, and Wulate sub-irri-

gation area (Figure 1). The Shenwu sub-irrigation area is at the westernmost part of the 

Hetao irrigation area. It directs irrigation from the diversion canal to the Yellow River. 

The Irrigation area of Shenwu sub-irrigation area is 96 hm2. There are 476 canals that di-

rectly divert water for farmlands irrigation in the irrigation district, and we use 

Hehaoqishe canal as an example for this research. 

 

Figure 1. Irrigation district map. 

2.1.2. Data Sources 

A field survey of farmers in the Hehaoqishe canal irrigation area of Shenwu Irrigation 

Area in Hetao Irrigation District found that there are 3 farmers in the Hehaoqishe Canal 

Irrigation area. The 3 farmers are named N1, N2, N3, respectively, and the water rights 

transaction analysis is performed among the three farmers. The three farmers, among 

which, N1 plants wheat with a planting area of 40.0 hm2, N2 plants maize with a planting 

area of 22 hm2, and N3 plants cotton with a planting area of 34 hm2. The prices of wheat, 

corn, and cotton crops are based on local market prices—namely, wheat = 0.264 $/kg, corn 

= 0.300 $/kg, and cotton = 2.331 $/kg. The initial water right is allocated mainly based on 

the principle of fairness, referring to Table 1. 
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Table 1. Total irrigation water for crops and the initial water rights. 

Farmer Crop 
Total Water 

(104 m3) 

Irrigation 

Water Use 

Coefficient 

Total Water 

for Irrigation 

(104 m3) 

Initial Water 

Rights 

(104 m3) 

Initial Irrigation 

Quota 

(m3/hm2) 

Crop Price 

($/kg) 

N1 Wheat 

57 0.7 40 

16.67 

9.17 

14.17 

4168 

4168 

4168 

0.264 

N2 Maize 0.300 

N3 Cotton 2.331 

Constant term of water production function can directly refer to the empirical values 

or be determined by regression analysis based on experimental data. This paper refers to 

Han et al. [22] (Table 2). 

Table 2. Coefficients of water production function of crops. 

Crop 
Constant Term of Water Production Function 

a b c 

Wheat −0.0059474 3.9260908 −197.94 

Maize −0.0077347 4.7880120 −248.42 

Cotton −0.0024283 1.9811347 −334.08 

Due to the water production constants a, b, and c being determined by scholars who 

study China’s Yellow River irrigation area, the irrigated area is calculated mu (a unit of 

China’s metered area). hm2 = 15 mu. 

2.2. Methodology 

The methodology herein is to calculate the economic irrigation quota of crops based 

on the water needed in the process of crop irrigation, figure out the marginal benefits of 

crops, finally determine the amount of water rights traded between farmers, and calculate 

the price of water rights transactions between farmers. The price model of water rights 

transaction among farmers is shown in Figure 2. 

 

Figure 2. The price model diagram of water rights transaction among farmers. 

2.2.1. Cost Price of Water Conservation in the Water Rights Transaction between Farm-

ers 

Farmers invest in water conservation measures at the field scale to achieve the goal 

of saving water. Water conservation measures mainly include agronomic water conserva-

tion measures and adjustment of planting structure (no cost), among which the agronomic 
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water conservation measures include straw mulching, plastic membrane mulching, field 

adjustment, and land leveling. The formula for calculating the cost price of water rights 

transactions is as follows: 

C

C
P

W
  (1)

where, CP  is the cost price of water rights transaction ($/m3); C is the total costs for wa-

ter conservation ($) ; W is the tradable water volume (104 m3). 

According to the characteristics of farmers’ water conservation measures in the water 

shortage areas of China, water conservation is mainly realized by adjusting the planting 

structure. 

2.2.2. Earnings Price of Water Rights Transaction among Farmers Based on the Produc-

tion Function of Crop Water and Cooperative Game Theory 

The earnings price refers to the reasonable return obtained by the seller during the 

water right transaction, and is calculated by the difference of marginal benefits of crops 

from both sides of the transaction, as well as the reasonable return coefficient. The mar-

ginal benefit of crop refers to the net earnings brought to production by adding a unit of 

water under other unchanged conditions. Because the magnitude of the difference of mar-

ginal benefits is generally large, it is necessary to set a reasonable return coefficient to 

reduce it. The formula for calculating the specific earnings price is: 

1 1

( ( ))
i

n n

N i
i i

E

f t

P
W



  



 
 

 

(2)

where, EP is the earnings price of water rights transaction ($/m3);  is the reasonable re-

turn coefficient of the water rights transaction; iN


 is the benefits after the alliance of 

crop i  ($/m3); 
( )if t  is the benefit after the optimization of crop i  ($/m3). 

Marginal Benefit of Crops 

The functional relationship between crop yield and input of agricultural resources is 

called agricultural production function. On the premise that the input of other agricultural 

resources remains unchanged, the input and periodical allocation of water as a variable 

resource are different, therefore the crop yields are different. And they can be linked by 

quantitative functional relationship, which is called crop water production function [22]. 

Therefore, in order to analyze the earnings price of water rights transactions, the crop 

water production function is introduced by this paper. 

The crop water production function is known as follows: 

2( )i i i iy g t at bt c     (3)

where, iy  is the yield of crop i  (kg/mu); it  is the irrigation quota of crop i  (m3/mu). 

i i iV y k   (4)

where, iV  is the value of crop i  ($/mu); ik is the market price of crop i  ($/kg). 

The marginal benefit of crop could be got through the derivation of Formula (4): 
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' '
i i iV k y   (5)

where, 
'
iV  is the marginal benefit of crop i  ($/m3). 

 i i if t V A   (6)

where,  if t  is the revenue of crop i  (thousand dollars); iA  is the irrigated area of 

crop i  (mu). 

Determination of Reasonable Return Coefficient of Water Rights Transaction Based on 

Game Theory 

For the water rights transaction among farmers, the surplus water is transferred to 

the farmers who need water based on the potential of water conservation in agriculture. 

During the transaction the two sides, considering their own interests, play a game in the 

form of alliance and cooperation to increase their own benefits and the benefits of the 

whole society, this is called Cooperative Game [23]. According to the Cooperative Game 

analysis, the Shapley value is introduced to distribute the profits among the members of 

the alliance, which reflects the contribution difference of each member to the overall ob-

jectives of the alliance [24]. There may be one or more decisions in the water rights trans-

action for farmers to form different alliances. Each decision corresponds to a certain 

amount of profit, which is the game between the members of the alliance. 

The method of Shapley value is a way to solve the revenue distribution problem of 

multi person cooperation according to the contribution degree of each alliance member. 

The Shapley value is defined as follows: 

(1) Let set  1,2,...,N n , if as any subset of N  (any kind of cooperation among 

n  person) corresponds to a real value function  V S  and satisfied the following: 

 
     1 2 1 2 1 2

0

,

V

V S S V S V S S S








    
 (7)

Then  ,N V  is called the cooperative strategy of N  person, V  is the eigenfunc-

tion of the strategy, and  V S  is the revenue of cooperation S. 

(2) If regarding   1 2, ( ),..., ( )nv v v    as the distribution vector of coopera-

tive alliance, in which ( )j V  indicates the deserved distribution of member j  from the 

cooperative strategy  ,N V , the Shapley value of the revenue distribution among the 

members of the alliance under the cooperation N is: 

 ( ) ( ) ( ) ( \ ) , 1, 2,3,...,j
j S

v w S v S v S j j n


    (8)

 
( )!( 1)!

!

n S S
w S

n

 


 
(9)

where ( )w S  is the weighting factor; ( )v S  is the revenue of subsetS; ( \ )v S j  is the 

remaining revenue of subsetSafter removing j ; S  is the number of members in the al-

liance; n  is the number of members in the game. 
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The reasonable return coefficient is determined through Shapley value, crop revenue 

and tradable water volume as follows: 

 
' '

( ) ( ) ( )

( ) ( )

u m NN
NN

u m

f t f t v

W V x V x




 


  

 (10)

where, NN  is the reasonable return coefficient of transaction between N1 and N2 ; ( )uf t  

is the revenue of crop u  (thousand dollars); ( )mf t  is the revenue of crop m  (thousand 

dollars); ( )NN v  is the revenue of alliance N1 and N2 (thousand dollars). 

2.2.3. Tradable Water Volume 

The amount of water requirement by different water users is also different. Therefore, 

the initial allocation of water rights based on the principle of fairness may not be the op-

timal allocation of water resources. That is to say, there may be differences between the 

optimal water consumption of each farmer and the actual allocation of water. In order to 

determine the optimal water consumption of each farmer and the water allocation scheme 

among n farmers with maximum overall benefits, the optimal allocation of water resources 

among n farmers should be studied in accordance with the principle of supply-decided 

demand. 

According to the principle of supply-decided demand, the following optimization 

models can be established to calculate the irrigation quota with the maximum overall eco-

nomic benefits of the irrigation district: 

Objective function: 

1

( )
n

i
i

Max f t

  (11)

Constraint condition: 

1 1

n n

i i
i i

t x
 

   (12)

where it  is the irrigation quota of farmer i  (m3/hm2); ix  is the initial irrigation quota 

of farmer i  (m3/hm2). 

The objective function is a quadratic function. Only when the derivative of the crop 

return function is 0 can the total benefit of the farmer be maximized (require the marginal 

benefits of each farmer to be equal): i.e., 0)()()( '
2

'
1

'  ntftftf   

The optimal allocation of water for each crop can be calculated. Then, the difference 

between the initial water rights of each user and the above optimal allocation of water 

should theoretically be the tradable water volume between farmers, thus realizing the op-

timal allocation of water resources under the condition of maximum overall benefits. 

The adjustment of planting structure makes the crop irrigation quota change accord-

ingly. Then the formula for calculating the water-saving amount by planting structure 

adjustment is as follows: 

' ' ' '
1 1/ /P P PW W W mA m A      (13)

where PW  is the water-saved volume by planting structure adjustment (104 m3); 'W  and 

'
1W  are the water consumptions of the irrigation district before and after the adjustment 
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(104 m3); PA  is the area of adjustment (hm2); 'm and 
'

1m are the comprehensive net irri-

gation quotas of the farmland before and after the adjustment (m3/hm2);  is the water 

use coefficient in the irrigation. 

To summarize, the tradable water volume among farmers is: 

' ' /P n n PW Q t A    (14)

where 
'
PW  is the tradable water volume (104 m3); nQ  is the initial water allocation of 

farmer n  (104 m3); 
'
nt  is the optimal irrigation quota of farmer n  (m3/hm2). 

2.2.4. Comprehensive Pricing 

In summary, the price of water rights transaction should include cost price and earn-

ings price. In view of the characteristics and current situation of water rights transaction 

among farmers in irrigation districts in China, the comprehensive pricing model for water 

rights transaction among farmers is as follows: 

Z C EP P P   (15)

where ZP  is the price for water rights transaction ($/m3). 

3. Results 

3.1. The Relationship Between Irrigation Water Volume and Marginal Benefit 

Use Formula (3) to construct the water production function of wheat, corn, and cotton 

according to the constant items a, b, and c of the water production function. The actual 

prices of crops in the local market are used—namely, wheat = 0.264 $/kg, corn = 0.300 $/kg 

and cotton = 2.331 $/kg. Calculate the economic irrigation quota of wheat, corn, and cotton 

by formula (4) and obtain the marginal benefits of wheat, corn and cotton based on For-

mula (5). 

According to Formulas (3)–(5) to calculate the yield, output value, and marginal ben-

efit of wheat, corn, and cotton and obtain the functional relationship between irrigation 

quota and marginal benefit. By using the trial method, the functional relationship between 

the total irrigation water and the marginal benefit of crops is established. Assuming that 

different marginal benefits can reach different irrigation quotas, the functional relation-

ship between total irrigation water and marginal benefits can be derived. Given the actual 

amount of irrigation water, the marginal benefit of crops with maximum overall benefits 

can be obtained. 

When the marginal benefit is 0, the irrigation quota of wheat, maize and cotton is 

respectively 4951 m3/hm2, 4648 m3/hm2, 6119 m3/hm2, and the total water for irrigation is 

508,300 m3. 

When the marginal benefit is 2, the irrigation quota of wheat, maize, and cotton is, 

respectively, 3467 m3/hm2, 3638 m3/hm2, 5707 m3/hm2, and the total water for irrigation is 

412,800 m3. 

Equation (5) shows a linear relationship between marginal benefit and water con-

sumption. When irrigation quotas of wheat, corn, and cotton are optimized at the same 

time, the relationship between the total water for irrigation W  and the marginal benefit 
' ( )V t  is expressed as: 

'4.78 ( ) 50.83W V t   (16)

In that way, when the total water for irrigation is 400,000 m3, the integral marginal 

benefit is 0.353 $/m3. 
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3.2. Tradeable Water Volume Among Farmers 

The total amount of irrigation water allocated to the three farmers by the Hehaoqishe 

Canal in the Shenwu irrigation area is 400,000 m³, while the marginal benefit is 0.353 $/m³ 

by Formula (16); under the optimization of marginal benefits, the irrigation quota allo-

cated to farmers has changed to a certain extent. According to the equal marginal benefits, 

the economic irrigation quotas for farmers N1, N2, and N3 to grow wheat, corn, and cotton 

are calculated by Formula (5) to be 3267 m³/hm², 3502 m³/hm², and 5651 m³/hm², respec-

tively. The comparison between irrigation quota after optimization and irrigation quota 

before optimization is shown in Table 3. After farmers N1, N2, and N3 are optimized ac-

cording to the economic irrigation quota at the same time, the amount of water required 

by the three farmers will change compared with the water corresponding to the initial 

water rights. Among them, the amount of water required by farmers N1 and N2 decreased, 

and the amount of water required by farmers N3 increased. After that, the water required 

by farmers N3 accounted for about 50% of the total irrigation water, as shown in Figure 3 

and Figure 4. 

Table 3. Changes before and after optimization of irrigation quota among farmers. 

Farmer Crop 
Initial Irrigation 

Quota (m³/hm²) 

Initial Allocation of 

Water (Ten Thou-

sand m³) 

Optimized Economic 

Irrigation Quota 

(m³/hm²) 

Water Demand 

After Optimiza-

tion 

(Ten Thousand 

m³) 

Water Savings 

(Ten Thousand 

m³) 

N1 wheat 4168 16.67 3267 13.07 3.6 

N2 corn 4168 9.17 3502 7.7 +1.47 

N3 cotton 4168 14.17 5651 19.21 −5.07 

Note: ”+” indicates the amount that can be reduced, “−” indicates the amount that needs to be in-

creased. 

 
 

Figure 3. Initial allocation of water rights. 

 

Figure 4. Water rights allocated after optimization. 
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Irrigation is carried out according to the economic irrigation quota, the water re-

quired by farmers N1, N2, and N3 are 130,700 m³, 77,000 m³, and 192,100 m³, respectively. 

The initial water allocated by farmers are 166,700 m³, 91,700 m³, and 141,700 m³, respec-

tively. Therefore, the surplus water of farmers N1 and N2 is 36,000 m³ and 14,700 m³, while 

the water shortage of farmers N3 is 50,700 m³. The water saved by farmers N1 and N2 can 

be traded with farmer N3. The above results are based on a situation where the irrigation 

quotas of three crops are optimized at the same time; similarly, when only wheat and 

cotton are optimized, the tradeable water volume is 47,600 m³, and when only corn and 

cotton are optimized, the tradeable water volume is 36,500 m³. 

3.3. Farmers’ Income Calculation Results 

(1) Farmers’ income after optimizing irrigation quota 

Using the data collected in the actual survey in Table 1, according to Formulas (3)–

(6), the income of each farmer before optimization can be calculated; for example, the in-

come of farmer N1 is 68.75 thousand dollars. And then according to Formulas (11), (12) 

and (16), the income of farmers after optimizing irrigation quotas under different crop 

combinations are calculated; for example, the income of  31,NN  is 134.37 thousand dol-

lars. See Tables 4 and 5 for details. 

Table 4. Revenue before and after optimization plan M3. 

Farmer 

Revenue Before Opti-

mization (Thousand 

Dollars) 

Revenue After Opti-

mization (Thousand 

Dollars) 

Revenue Per Unit Area 

Before Optimization 

(1000 $/hm2) 

Revenue Per Unit Area 

After Optimization 

(1000 $/hm2) 

N1 68.75 59.44 1.72 1.49 

N2 47.97 44.32 2.18 2.01 

N3 34.33 80.40 1.01 2.36 

Table 5. Total revenue for each alliance form. 

No. Alliance form Revenue 

1 1N  68.75 

2 2N  47.97 

3 3N  34.33 

4  21,NN  116.72 

5  31,NN  134.37 

6  32 ,NN  106.64 

7  321 ,, NNN  184.16 

Unit: thousand dollars. 

(2) Redistribution of farmers’ income based on Shapely Value 

Using the Shapley value leads to a fair and reasonable distribution of total revenue. 

According to this method, N1 is in alliance with others as a member of the game, and the 

income distributions are shown in Table 6 and Table 7. 

Table 6. Revenue distribution of farmer an under two players alliance. 

   

 68.75 134.37 

 0 34.33 

S  1N  31,NN

)(Sv

 )\( MSv
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 68.75 100.04 

 1 2 

 1/2 1/2 

 34.37 50.02 

 Unit: thousand dollars. 

Table 7. Revenue distribution of farmer an under three players alliance. 

     

 68.75 116.72 134.37 184.16 

 0 47.97 34.33 106.64 

 68.75 68.75 100.04 77.52 

 1 2 2 3 

 1/3 1/6 1/6 1/3 

 22.92 11.46 16.67 25.84 

Unit: thousand dollars. 

According to Table 6, Table 7, and Formulas (8)–(10), when two players are in alli-

ance, the revenue distribution of N1 is 84.40 thousand dollars, and the revenue distribution 

of N3 is 49.98 thousand dollars. Similarly, if N3 participate as a player, the revenue distri-

bution of N3 and N2 could be calculated as 46.56 thousand dollars and 60.14 thousand 

dollars respectively. when three players are in alliance, the revenue distribution of N1 is 

76.89 thousand dollars. In the same manner, the revenue distribution of N2 and N3 could 

be calculated as 52.63 thousand dollars and 54.64 thousand dollars, respectively. At this 

time, the income per hectare of farmers N1, N2, and N3 are 1.92, 2.39, and 1.61 thousand 

$/hm2, respectively. The calculation results are shown in Table 7. 

According to the above analysis, the following revenue strategies of the game model 

of water rights transactions is established: N3 does not buy water rights from N1 and N2 

(A1); N3
 
buys water rights from N2 but not from N1 (A2); N3

 
buys water rights from N1 but 

not from N2 (A3); N3buys water rights from both N1
 
and N2 (A4). See Figure 5. 

 

Figure 5. Revenue matrix of the Game Model of water rights transaction under different alliances. 

  

 )\()( MSvsv 

S

)(Sw

  )\()()( MSvSvSw 

S  1N  21,NN  31,NN  321 ,, NNN

)(Sv

 )\( MSv

 )\()( MSvsv 

S

)(Sw

  )\()()( MSvSvSw 
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3.4. Water Rights Transaction Price 

Since the water-saving project investment is not involved in the calculations of this 

paper, the different optimization schemes and the income of the farmers N1, N2, and N3 

under different alliance decisions are obtained from the calculated Table 6 and Figure 5 

directly according to the formula to calculate the transaction under the different scheme 

price, as shown in Table 8. 

Table 8. Water rights trading price under 3N  strategy. 

Strategy 

( 3N ) 

Tradable 

Water 

(104 m³) 

Revenue Un-

der Alliances 

(Thousand 

Dollars) 

Crop Revenue 

After Optimi-

zation 

(Thousand Dol-

lars) 

Increase Reve-

nue Value 

(thousand dol-

lars) 

Pricing of Water 

Rights Transac-

tions 

($/m³) 

1N  2N  1N  2N  1N  2N  1N   1N  2N  
A1 - - - - - - - - - - 

A2 0 +3.65 0 60.14 - 33.24 - +26.9 - 0.737 

A3 +4.76 0 84.40 0 55.01 - +29.39  0.617 - 

A4 +3.60 +1.47 76.89 52.63 59.44 44.32 +17.45 +8.31 0.485 0.565 

Note: In the tradable water volume, “+” means the amount of water that can be sold, “-” means the 

amount of water that needs to be purchased and the RMB that needs to be paid for the purchase of 

water rights. 

It can be seen from the calculation results that compared with the optimization of the 

economic irrigation quota, the income after the alliance under the A2 decision increases 

by 26.90 thousand dollars, the water rights transaction price from N2 to N3 is 0.737 $/m³, 

and the income after the alliance under the A3 decision increases by 29.39 thousand dol-

lars. The water rights transaction price from N1 to N3 is 0.617 $/m³, and the income after 

the alliance under the A4 decision increases by 25.76 thousand dollars. The water rights 

transaction price from N1 to N3 is 0.485 $/m³, and the water rights transaction price from 

N2 to N3 is 0.565 $/m³. 

4. Discussion 

4.1. Income Analysis Among Farmers 

Analyzing the optimization schemes M1, M2, and M3, under each scheme the overall 

income of farmers increases, mainly because it supplements the irrigation water demand 

of farmers N3, thereby increasing the overall income. However, there are also losses in the 

optimization process of some farmers’ interests; the crop revenue before and after the op-

timization of irrigation quota for each farmer without any cost of water rights transaction 

can be obtained, as shown in Figure 6 and Figure 7. 

2N
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Figure 6. Crop revenue before optimization.  

 

Figure 7. Crop revenue after optimization. 

It can be seen from the Figure that after using the economic irrigation quota to opti-

mize the irrigation water consumption of farmers, the total income of farmers N1 and N3 

under the optimization scheme M1 reached 134.37 thousand dollars; compared with the 

total income before optimization, the total income increase by 31.30 thousand dollars, the 

income of the farmer N3 increased significantly after the optimization, and the income of 

the farmer N3 was increased by 45.03 thousand dollars before the optimization, but the 

income of the farmer N1 was, however, lost; similarly, after implementing the optimization 

plan M2, the income of farmer N3 increased, but the income of farmer N2 was lost; when 

the optimization plan M3 was implemented, the overall income of the farmers was the 

largest, reaching 184.16 thousand dollars, and the crop incomes of N1, N2, and N3 were 

59.44 thousand dollars, 44.32 thousand dollars, and 80.42 thousand dollars, respectively. 

At this time, the income of the farmers N3 also became largest, which is an increase of 46.09 

thousand dollars compared to the previous one, but this would inevitably lose the income 

of farmers N1 and N2. 

After the implementation of the alliance decision A1~A4, the overall income of farm-

ers also changed relatively, and there is no water rights transaction between farmers un-

der the A1 strategy; the income of N3, N1 and N2 are 34.33 thousand dollars, 68.75 thousand 

dollars and 47.97 thousand dollars, respectively, Under the A2 strategy, N3 and N2 conduct 

water rights trading, the income of N3 and N2 is 46.56 thousand dollars and 60.14 thousand 

dollars, respectively. Compared to previous to the water rights transaction, the income 

increased by 12.23 thousand dollars and 12.17 thousand dollars; under the A3 strategy, N3 

and N1 conducted water rights trading, and the income of N3 and N1 was 49.98 thousand 
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dollars and 84.40 thousand dollars, respectively; compared with before the water rights 

transaction, the income increased by 15.65 thousand dollars and 15.65 thousand dollars; 

under the A4 strategy, N3 conducted water rights transactions with N1 and N2, respec-

tively, the income of N3, N1, and N2 are 54.65 thousand dollars, 76.89 thousand dollars, and 

52.63 thousand dollars, respectively; compared with before the water rights transaction, 

the income increased by 20.33 thousand dollars, 8.14 thousand dollars, and 4.66 thousand 

dollars. At this time, the income per hectare of farmers N1, N2, and N3 were 1.92, 2.39, and 

1.61 thousand $/hm2, respectively, which are 11.6%, 9.6%, and 59.4% higher than that be-

fore the water rights transaction. The benefits after the alliance show that when there are 

only two farmers who trade in water rights, the farmers who have not joined do not get 

the benefits. When the three farmers trade, they all get benefits as a whole. Compared 

with the non-alliance in different alliance decisions, the overall income increased without 

losing the interests of any farmer. Therefore, in the decision-making process of the alli-

ance, by adjusting the distribution of benefits among farmers, a certain amount of com-

pensation is given to farmers who suffer economic losses, and the corresponding compen-

sation responsibilities are assumed for farmers whose profits increase, so as to achieve the 

greatest overall economic benefit. 

4.2. Analysis on the Price of Water Rights Transaction among Farmers 

The water rights that can be traded among farmers come from water-saving projects 

or the amount of water saved after optimizing irrigation quotas. In this paper, through 

the optimization of irrigation quota and marginal benefit, the tradable water volume 

among different farmers is obtained. Before optimization, the initial water rights of farm-

ers N1, N2 and N3 are 166,700 m³, 91,700 m³ and 141,700 m³, respectively, while after opti-

mization, the water rights of farmers are 130,700 m³, 77,000 m³ and 192,100 m³, respec-

tively. When the optimized plan M1 was implemented, the farmer N1 can trade 47,600 m³ 

of water rights to the farmer N3. When the optimized plan M2 was implemented, the 

farmer N2 could trade 36,500 m³ of water rights to the farmer N3. When the optimized plan 

M3 was implemented, the farmers N1 and N2 could trade water rights to Farmer N3 re-

spectively trades water rights of 36,000 m³ and 14,700 m³, as shown in Figure 8. After the 

optimization of water saving, the water consumption of farmers N1 and N2 was reduced 

compared with the initial allocation of water rights, and the remaining water could be 

traded to other water demand farmers N3. 

 

Figure 8. The tradable water volume among irrigation water users under the optimized scheme 

M3. 
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Driven by different optimization schemes and alliance schemes, the amount of water 

that can be traded between farmers was different, and the benefits under different 

schemes were different, resulting in different prices for water rights transactions under 

different schemes. The transaction price of water rights between farmers was also affected 

by the value of water resources, water saving costs, and market crop sales prices. This 

paper uses cooperative game theory to introduce Shapley value to establish the alliance 

relationship between farmers, and then determine the price of water rights transaction 

among farmers. Through model calculation, it was found that the price of water rights 

transaction was closely related to optimization and farmers’ income before and after the 

alliance. For example, when farmers N2 and N3 trade, the optimized income of N2 and N3 

are 34.17 thousand dollars and 34.33 thousand dollars, respectively. The income of N2 and 

N3 after alliance is 60.25 thousand dollars and 46.56 thousand dollars, respectively, and 

the water rights transaction price is 0.737 $/m³, and when farmers N1, N2, and N3 jointly 

establish an alliance relationship, the water rights transaction price is the lowest, and the 

water rights transaction price was 0.485 $/m³, and the water rights transaction price was 

0.565 $/m³. 

Based on the production function and game theory, this paper constructed a water 

rights transaction price model between farmers. In the model, the maximum marginal 

benefit of crops is considered to calculate the water rights allocated by farmers. The eco-

nomic irrigation quota is used as an optimization method for the allocation of water rights 

between farmers. The right allocation obtained the tradable amount of water rights among 

farmers, and establishes decision-making schemes under different farmers’ alliances 

based on game theory, calculates the overall benefits of different decisions, and seeks the 

maximum benefits of the overall farmers after the alliance. For example, in this article, the 

overall income of the three farmers after the alliance is 184.16 thousand dollars, which is 

higher than the income of the non-alliance by 33.13 thousand dollars. At that time, the 

price of water rights transactions between farmers was relatively low. In this study, mul-

tiple farmers were used as the research object, and the total income of water rights distri-

bution, water rights transactions, and different alliances between multiple farmers was 

analyzed, which broke through the limitations of individual farmers’ research. In the re-

search process, because the alliance discussed under the alliance was the largest overall 

benefit, it couldn’t guarantee the maximum benefit of each farmer, so this scheme was 

suitable for the overall decision-making in the process of irrigation management. In future 

research, farmers’ willingness factors may also be added to the calculation process of the 

model, and farmers can then choose not to participate in the alliance after their interests 

are harmed. 

4.3. Limitation 

This paper only considers the pricing of water rights transaction between farmers by 

cooperative game theory under the current national production policy and the current 

agricultural planting structure. In the future, how to distribute the income after the change 

of planting structure and the adjustment of national policies will be the next research di-

rection. 

5. Conclusions 

(1) Economically determined irrigation quotas and crop planting patterns can be used 

to optimize the allocation of water for each crop. If the initial allocation of water 

rights is inconsistent with the optimal allocation of water, the difference should the-

oretically be the volume of water to be traded. 

(2) The pricing model of water rights transaction proposed in this paper includes cost 

price and earnings price. The model is not only suitable for water rights transaction 

between farmers in water-deficient areas, but also suitable for water rights transac-

tion between different industries in water-deficient areas. 
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(3) The total revenue distribution based on the Shapley value method makes the revenue 

distribution under each alliance fairer and more reasonable, and the water rights 

pricing should also be acceptable to farmers, as undertaking a transaction will im-

prove their income. 

(4) A reasonable price can encourage transactions, thereby improving the efficiency of 

the water rights market. The consideration of the earnings price makes the deter-

mined price closer to the real value of water resources, and has important theoretical 

significance for improving the water rights transaction price theory. 

(5) This paper mainly focuses on the study of water rights transaction between one buyer 

and two sellers, providing a basis for future transactions between multiple buyers 

and multiple sellers. 

(6) Because the price of water rights transaction is affected by many factors such as econ-

omy, society, and environment, the study of this paper on the price of water rights 

transaction based on the production function and Game Theory is only a theoretical 

discussion. In the practical work, it is necessary to determine the final price and trad-

able water volume of water right transaction based on this theory and considering 

various factors comprehensively, for example, the bargaining power of both parties 

to water rights transactions, supply and demand factors, and crop market prices. 
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