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Abstract: Establishing and perfecting the water rights system is an important way to 12 

alleviate the shortage of water resources and realize the optimal allocation of water 13 

resources. Agriculture is an important user of water in various water-consumption 14 

industries, the confirmation of water rights in irrigation districts to farmers is the 15 

inevitable requirement for implementing fine irrigation in agricultural production. In 16 

this paper, a double-level water rights allocation model of national canals – farmer 17 

households in irrigation district is established. It takes into account the current water 18 

consumption of the canal system, the future water-saving potential and the constraint 19 

of total amount control at the canal level. It takes into account the asymmetric 20 

information of farmer households’ population and irrigation area at the farmer 21 

household level. Furthermore, the Gini coefficient method is used to construct the 22 

water rights allocation model among farmer households based on the principle of 23 

fairness. Finally, Wulanbuhe Irrigation Area in the Hetao Irrigation Area of Inner 24 

Mongolia is taken as an example. The results show that the allocated water rights of 25 
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the national canals in the irrigation district are less than the current because of 26 

water-saving measures and water rights of farmer household get compensation or cut 27 

respectively. The research has fully tapped the water-saving potential of irrigation 28 

districts, refined the distribution of water rights of farmers and can provide a scientific 29 

basis for the development of water rights allocation in irrigation districts and water 30 

rights transactions between farmers. 31 

Key words: Gini coefficient; Fairness principle; Irrigation district; Double-level; 32 

Water rights allocation 33 

1. Introduction 34 

The initial allocation of water rights is the first step in the construction of water 35 

rights system and the key measure to carry out water rights trade and give play to the 36 

function of optimal allocation of market resources. Based on the experience at home 37 

and abroad, the modern water rights system can be divided into riparian right system, 38 

priority occupancy right system and public water distribution right system according 39 

to the initial acquisition and distribution forms of water rights (Zheng et al. 2012). 40 

Currently, China implements an administration-led public water rights allocation 41 

system (Guo 2009). The distribution system is generally from top to bottom, which 42 

distributes the initial water rights in a basin to provinces, cities, counties, industries 43 

and final water users (Wu et al. 2017). 44 

At present, the initial distribution of water rights is mainly concentrated on the 45 

distribution from a basin to regions and industries. It is a multi-objective and multi - 46 

level distribution problem that the water rights obtained by provinces are further 47 

allocated to cities and counties. Generally, the index system is established from three 48 

aspects of economy, society and ecology, and the weight is calculated. In terms of 49 
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processing methods, fuzzy optimization, Critic method (Li et al. 2012) and entropy 50 

weight TOPSIS method abandon the shortcomings of strong subjectivity and 51 

arbitrariness of traditional index analysis methods, and projection pursuit technology 52 

is also in the exploration stage (Diao et al. 2017). When the superior water rights 53 

allocation method is applied to the county level, there are problems such as large 54 

differences in water use among towns, inapplicability of the allocation index system 55 

and difficulty in collecting specific data. The water rights allocation results of the 56 

improved mutation model are more in line with the actual water use conditions (Rao 57 

et al. 2019). The second layer of allocation of water rights, that is, the allocation 58 

among industries, follows the principle of priority under the constraints of total 59 

amount control and "three red lines" to construct a target planning model based on the 60 

principles of priority of domestic water, food security, attention to ecological 61 

environment, economic benefits and reasonable industrial structure (Wu et al. 2012). 62 

At first, meet the domestic water needs of urban and rural residents, followed by 63 

industrial water with high water efficiency, followed by basic ecological water, and 64 

finally consider the demand for agricultural water. Based on multiple uncertainties 65 

and complexities such as dynamic water demand, adjusted water rights trading, and 66 

decision-makers' precise risk attitudes, it is the future trend to establish a stochastic 67 

correlation chance multi-objective programming model (Li et al. 2019; Lin et al. 2005; 68 

Wang et al. 2005). 69 

Agricultural water is mainly used for irrigation, the further allocation of water 70 

rights to irrigation water users is an inevitable requirement for the realization of 71 

refined agricultural water management. The current agricultural water distribution 72 

system takes the irrigation district as the minimum distribution unit. Although some 73 

scholars choose equity and efficiency indexes to allocate water rights among farmers 74 
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(Zhang et al. 2017), equity only considers the area of agricultural land and the actual 75 

irrigation area of agricultural land. Existing studies have given little consideration to 76 

the asymmetry between the population of farmers and the irrigation area (Rijswick et 77 

al. 2015; Shapiro et al. 2015; Wu et al. 2017). In order to guarantee the fairness of 78 

agricultural water rights allocation, population and irrigation area should be 79 

comprehensively considered in the water rights distribution system for irrigation 80 

water users.  81 

In this paper, according to the characteristics of multi-level water consumption in 82 

irrigation districts, a double-level water rights allocation model of national ZhiKou 83 

canals - farmer households in the irrigation district is established. The canal system 84 

water rights allocation considers the future water-saving potential of the irrigation 85 

district and determines the total amount of water rights allocated for canal system. 86 

Based on the characteristics of asymmetric information of farmer households' 87 

population and irrigation area, the water rights allocation among farmer households is 88 

carried out based on the Gini coefficient method, which fully considers the fairness of 89 

water rights allocation. Finally, Wulanbuhe Irrigation Area of Hetao Irrigation District 90 

of Bayannaoer City is taken as an example for verification based on the double-level 91 

water rights allocation model of the irrigation district constructed in this paper. 92 

2. Materials and methods 93 

2.1 Overview of the study area and data sources 94 

2.1.1 Overview of the study area 95 

Wulanbuhe Irrigation District is located in the west of Hetao Irrigation District of 96 

Bayannaoer City, and it mainly involves three administrative districts of Dengkou, 97 

Hangjin Houqi and Azuo Qi. The total population of irrigation area is 115100, 98 
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including rural population of 69100, and the irrigation area is 68100 hm² in 2017. 99 

Wulanbuhe Irrigation Area belongs to the inland high plain of Hetao basin, located in 100 

the northeast of Wulanbuhe Desert. It belongs to the temperate continental monsoon 101 

climate, with four distinct seasons, abundant sunlight, large temperature difference 102 

and rare precipitation. The average annual precipitation is 144.5 mm, and the average 103 

annual evaporation is 2377.1 mm, which is 16.7 times the rainfall. Therefore, in order 104 

to satisfy the demands of agricultural water, Wulanbuhe Irrigation Area depends 105 

mainly on the Yellow River water for irrigation by Shenwu main canal, there are a 106 

total of 476 main canals and sub-main canals in Wulanbuhe Irrigation Area and of 107 

which 411 canals diverted directly from national canals are confirmed, because the 108 

water rights of the 411 canals will be distributed directly to the corresponding farmers, 109 

so this article focuses on the distribution of the Yellow River water rights for those 110 

canals in the irrigation district.  111 

 112 

Fig. 1 Wulanbuhe Irrigation Area of Hetao Irrigation District  113 

2.1.2 The data source 114 

There are 411 canals diverted directly from national canals were confirmed in 115 
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Wulanbuhe Irrigation Area of Hetao Irrigation district, Bayannaoer city. 116 

Administration of Hetao Irrigation District has made statistics for the five-year water 117 

consumption of these canals in Wulanbuhe Irrigation Area from 2008-2013 (excluding 118 

2012 due to water shortage than usual), and the data is true. According to the proposed 119 

plan of water-saving irrigation engineering, water-saving volume of the irrigation 120 

fields in the future can be calculated. The population and irrigation area of the 121 

corresponding farmer households in these canals are obtained from the actual 122 

statistical results of the township. 123 

2.2 Double-level water rights allocation model of the irrigation 124 

district 125 

Double-level water rights allocation model for the irrigation district includes the 126 

distribution method of water rights at the level of national canal system and the 127 

distribution method of water rights among farmer households. Taking the amount of 128 

water diversion from the main canal head of the irrigation district as the total amount 129 

of water rights allocation, firstly allocate water rights at the national canal system 130 

level, and then use those as the total for water rights allocation among farmers. Canal 131 

system structure diagram of irrigation district is shown in figure 2. 132 
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 133 

Fig. 2 National canal system structure diagram of irrigation district 134 

2.2.1 Water rights allocation model of national canal system in irrigation 135 

district 136 

(1) Total amount of current water rights at the national canal system level. 137 

Generally, the total amount of canal system water rights is determined by the actual 138 

water diversion in the irrigation district and the average water consumption over the 139 

years. 140 

(2) Water-saving potential of the irrigation district. The main water-saving 141 

measures in the irrigation district are channel lining, border field reconstruction and 142 

drip irrigation. The total water-saving amounts of water-saving projects in the 143 

irrigation district is canal-level water-saving amount. The calculation formula is as 144 

follows: 145 

Water saving amount of canal system:  146 

=
i ic iq id

W W W W                               (1) 147 

Water saving amount of channel lining:  148 

 = (1 ) (1 )
ic i i i i

W W W                              (2) 149 

Water saving amount in border field reconstruction:  150 
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=
iq iqb iql

W W W                               (3) 151 

Water saving amount of drip irrigation： 152 

=id idb idlW W W                               (4) 153 

where, 
iW  is the water-saving amount of the channel i, 

icW 、
iq

W 、
id

W  154 

are respectively the water-saving amount of channel lining, border field reconstruction 155 

and drip irrigation of the channel i, 
i

W、
i

W   are respectively the canal head water 156 

intake before and after the lining of the channel i, 
i

 、
i

  are respectively the canal 157 

system water utilization coefficient before and after the lining of the channel i, 
iqb

W 、158 

iql
W  are the field irrigation amount before and after the renovation of border fields 159 

of the channel i, 
idb

W 、
idl

W  are the headwater diversion before and after drip 160 

irrigation reconstruction of the channel i. 161 

(3)  Distribution of water rights of national canal system. By analyzing the total 162 

amount of current water rights of canal system in irrigation district and considering 163 

the potential water saving amount of canal system in the future, the canal-level water 164 

rights allocation model is determined. The calculation formula is as follows: 165 

ip is i
W W W                               (5) 166 

where, 
ip

W is the water rights distribution of the channel i, 
is

W is the total 167 

amount of current water rights of the channel i. 168 

Due to the constraint of water diversion permit in irrigation districts, the total 169 

amount of water rights allocated at the canal level shall not exceed the permitted 170 

amount. Under the constraint of water intake permit, canal-level water rights 171 

allocation in irrigation districts is as follows: 172 

When the allowable water intake is more than the actual total water diversion of 173 
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each canal directly from national canal, that is: 174 

 
1

n

ip Q

i

W W


                             (6) 175 

 -
ip is i

W W W                             (7) 176 

When the allowable water intake is less than the actual total water diversion of 177 

each canal directly from national canal, that is: 178 

    
1

n

i p Q

i

W W


                             (8) 179 

   
i p i p

W W                              (9) 180 

  

1

ip

ip n

ip

i

W

W


 


                           (10) 181 

where, 
Q

W  is the allowance of water intake in the irrigation district, 
ip

  is the 182 

water distribution coefficient of the channel i. 183 

2.2.2 Water rights allocation model among farmer households in irrigation 184 

districts 185 

(1) Select the indexes of water rights allocation among farmer households 186 

① Irrigation area of farmer households 187 

Current agricultural water rights allocation is based on irrigation area. The larger 188 

the irrigation area, the more water rights are allocated. The distribution of water rights 189 

according to the irrigation area mainly reflects the difference of irrigation water of 190 

different farmer households, the distribution of water rights according to irrigation 191 

area is as follows: 192 

j j
S q a                              (11) 193 

 
ip

i

W
q

A
                              (12) 194 
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where, 
j

S  is the water rights of farmer household j distributed, q  is the water 195 

rights allocation quota, 
j

a  is the irrigation area of farmer household j, 
i

A  is the 196 

irrigation area confirmed for all farmers in the canal system, 
ip

W  is the water rights 197 

distributed of the canal i. 198 

② Peasant household agricultural population 199 

Water resources are the public resources of the whole society, so the distribution 200 

of water rights should give consideration to the development of all people, and the 201 

agricultural population of peasant households should be fully considered in the 202 

distribution of water rights. The household with more (less) agricultural population 203 

will get more (less) water rights. The distribution process is as follows: 204 

j j
S q p                              (13) 205 

 
ip

i

W
q

P
                              (14) 206 

where, 
j

S  is the water rights distributed for farmer household j, q is the water 207 

rights allocation quota, 
j

p  is the agricultural population of farmer household j, 
i

P  208 

is the agricultural population of all farmer households of the channel i, 
ip

W  is the 209 

water rights distributed for the channel i. 210 

(2) Water rights allocation model among farmer households based on Gini 211 

coefficient method 212 

① Gini coefficient 213 

Gini coefficient (Hu 2004; Cheng 2007), also known as Lorentz coefficient, was 214 

first proposed by Italian mathematician Gini at the beginning of the 20th century. It is 215 

mainly used in the field of economics to investigate and measure the inequality of 216 

regional residents' income and wealth distribution. It can more directly reflect the 217 
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income difference between residents. 218 

The value range of the Gini coefficient is [0,1]. When the Gini coefficient is 0, it 219 

represents the absolute average of income distribution. 0.4 is usually regarded as the 220 

warning line of income gap in the world, and the evaluation standard of Gini 221 

coefficient can be referred to the following table: 222 

Tab. 1 Gini coefficient evaluation criteria 223 

Gini 

coefficient 
＜0.2 0.2～0.3 0.3～0.4 0.4～0.5 ＞0.5 

evaluation 

results 

Absolute 

average 

Comparative 

average 

Relatively 

reasonable 

Big  

gap 

Wide 

disparity 

 224 

② Construction of water rights allocation model by Gini coefficient method 225 

When peasant household’s water rights distributed based on irrigation area and 226 

based on farmer household’s agricultural population are equal, the water rights 227 

allocation is considered to be fair. When the water rights allocated are not same, 228 

neither of the two distribution patterns can reflect the principle of fairness in the 229 

allocation of water rights, meanwhile, the irrigation area of farmer households and the 230 

agricultural population of farmer households are asymmetrical. In this article, 231 

therefore, the per capita irrigation area of each farmer is used as a measure of the 232 

fairness of water rights allocation, the theory of Gini coefficient is used to study the 233 

distribution relationship between irrigation area of farmer households and their 234 

agricultural population. With the cumulative percentage of the agricultural population 235 

of each farmer household in the canal system as the abscissa, the cumulative 236 

percentage of the irrigated area of each farmer household as the ordinate, the water 237 

rights allocation model was built based on minimizing Gini coefficient. The specific 238 

steps are as follows: 239 
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 240 

Fig. 3 Population - irrigation area Lorentz curve 241 

Step1: Building the objective function 242 

min iniG                             (15) 243 

   1 1

1

2 1 2 1 ( )( )
n

ini
j j j j

j

A
G A B X X Y Y

A B
 



       
         (16) 244 

  
1 - 1( ) ( )

j j i j j j
Y Y A x X X                     (17) 245 

Where, 
j

X  is the cumulative percentage of agricultural population of farmer 246 

household j, 
j

Y  is the cumulative percentage of irrigation area after equilibrium of 247 

farmer household j, 
iP  is the corresponding total agricultural population of the 248 

channel i, 
iA  is the corresponding total irrigation area of the channel i, 

j
x  is the per 249 

capita irrigation area after equilibrium of farmer household j. 250 

Step2: Setting Constraints: 251 

a: Fairness constraints： 252 

,

,

j j j i

j j j i

x x x x

x x x x

 
  

                       (18) 253 

Where, 
j

x  is the per capita irrigation area after equilibrium of farmer household 254 

j, 
j

x  is the current per capita irrigation area of farmer household j, 
i

x  is the per 255 
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capita irrigation area of farmers of the channel i. 256 

b: Constraints of basic water security: 257 

 
j j

j

x x
s

x

 



                        (19) 258 

where, s  is the reduction ratio determined by the degree of importance the 259 

region attaches to the principle of equity. 260 

Restrictions on the extent of reduction or compensation: 261 

, ,
j j j i i

x x x x x x x x j                       (20) 262 

c：Constraints of sorting: 263 

1 1j j j
x x x                           (21) 264 

d：Constraints on irrigation area: 265 

1

n

j j i

j

x p A


                          (22) 266 

where, 
j

p  is the agricultural population of farmer household j, 
iA  is the 267 

corresponding total irrigation area of the channel i. 268 

e：The Gini Coefficient after equilibrium is smaller than before: 269 

ini iniG G                          (23) 270 

f：Non-negative constraints: 271 

0
j

x                            (24) 272 

Step3: Determining the water rights of farmers distributed: 273 

1

ip

jp n j j

j j

j

W
W x p

x p


  


                 (25) 274 

where, 
jp

W  is the water rights of farmer j distributed, other symbols are the 275 

same as above. 276 
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Step4: Optimal solution of the model: 277 

The model is optimized and solved by the genetic algorithm in MATLAB, and 278 

the calculation process of the optimized solution is as follows: 279 

a：At the beginning of the genetic algorithm calculation, first set various 280 

parameters, such as setting the population size to 20, the number of iterations, the 281 

probability of crossover and mutation, and the termination conditions. 282 

b：Generate the initial value group for the per capita irrigation area of farmers:283 

 1 2 3 4 5 6 7 8= , , , , , , ,pop z z z z z z z z . 284 

Define fitness function:
1 -1

1

1 ( )( )
n

ini
j j j j

j

G X X Y Y


 
    
 
  and then calculate the 285 

fitness of the initial population, and compare the fitness value of the population. 286 

c：Set the constraint conditions to see whether the fitness of the initial population 287 

meets the optimization criterion. If it is satisfied, the optimization ends; if not, 288 

proceed to step d. 289 

d：Select, cross and mutate on the initial population pop , to produce offspring 290 

population 1pop , See whether the population 1pop  meets the optimization conditions. 291 

If it is satisfied, the optimization ends; if it is not satisfied, the selection, crossover, 292 

and mutation operations are continued until the conditions are met. 293 

The optimization flowchart is as follows: 294 
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 295 

Fig. 4 Genetic algorithm optimization flowchart 296 

3. Results and discussion 297 

3.1 Results 298 

3.1.1 Distribution results of water rights for the canals diverted directly 299 

from the national canal system 300 

To allocate canal-level water rights for 411 canals diverted directly from the 301 

national canal system that need to be confirmed in Wulanbuhe Irrigation Area, 302 

according to current situation of water-saving projects in Wulanbuhe Irrigation Area, 303 

formula (1)-(4) are used to calculate the water-saving amount of the 411 canals. And 304 

then based on the five-year average water volume collected for the canals diverted 305 

directly from national canal system, formula (5) and formula (6) -(10) are adopted to 306 

calculate the distribution of water rights for the 411 canals. Take one of the 411 canals 307 

in Wulanbuhe Irrigation Area as an example for explanation, as shown in Table 2. 308 

Tab. 2 Results of water rights distribution for canals diverted directly from 309 

national canal system in Wulanbuhe Irrigation Area 310 
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Direct diversion 

canal name 

Township

（farm） 

Five-yea

r average 

water 

volume 

Water saving 

Water 

rights 

allocation 

Water 

saving in 

channel 

lining 

Water 

saving in 

border field 

reconstructi

-on 

Water 

saving 

in drip 

irrigati-

on  

Grazing team (4) 
Bayangaole 

Town 
2.03 0 0.73 0 1.30 

Bayi canal 
Wulanbuhe 

Farm 
198.15 0 42.16 0 155.98 

 The fourth 

lateral canal 

Hatengtaohai 

Farm 
84.35 22.96 15.14 0 46.25 

New third canal 
Bayantauhai 

Farm 
16.95 6.10 8.08 0 2.76 

First canal of 

Four groups  

Sun Temple 

Farm 
33.67 0 26.44 0 7.23 

Susan canal 1 Shajin Sumu 13.74 0 6.17 0 7.57 

Two rounds of 

water 1 

Experiment 

Bureau 
35.42 0 12.24 0 23.18 

Western third 

lateral canal 

Narintaohai 

Farm 
67.28 0 26.03 0 51.25 

The fourth 

brunch canal 

Baoergai 

Farm 
563.30 146.32 0 200.96 216.02 

Zhao Duozhi 

Bayin 

Maodao 

Gacha 

12.66 8.82 1.57 0 2.27 

Loess file one 
Bulongnao 

Town 
21.39 0 0 3.68 17.71 

Tuanjie branch 

canal 

San Tuan 

Farm 
304.98 80.83 0 32.88 191.27 

First lateral canal 
Longsheng 

Hezhen 
36.51 0 7.00 0 29.51 

3.1.2 Results of the water rights distribution among farmer households 311 

Since the patterns of water rights allocation among farmer households for 411 312 

canals are the same, the canal of Grazing team (4) in Bayangaole Town is taken as an 313 

example for calculation and analysis. The irrigation area and the agricultural 314 

population of farmer households are selected as the water rights allocation indexes 315 

under asymmetric information. On the basis of the calculation formula of Gini 316 

coefficient, the population of farmer households and the corresponding irrigation area 317 

data are arranged according to the per capita irrigation area from small to large. The 318 

calculation process is shown in Table 3.  319 

Tab. 3 The relevant calculation results for the Gini coefficient under current condition 320 
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Farmer 

household 

number 

Irrigation 

area（hm
2） 

Agricultural 

population 

Current per capita 

irrigation area

（hm
2
/person） 

1 1
( )*( )

j j j j
X X Y Y  

 

1 0.333  6 0.056  0.0107 

2 0.533  8 0.067  0.0515 

3 0.400  5 0.080  0.0572 

4 0.333  4 0.083  0.0615 

5 0.733  6 0.122  0.1267 

6 0.933  7 0.133  0.2104 

7 0.600  4 0.150  0.1531 

8 0.467  3 0.156  0.1320 

total  4.333  43  0.8032 

According to the above calculation results, the Gini coefficient for the current 321 

distribution of water rights is 0.1968. The above data are substituted into the water 322 

rights allocation model among farmer households, and then the balanced per capita 323 

irrigation area for 8 farmer households of Grazing team (4) are determined through 324 

objective function equations (15)-(17) and constraint equations (18)-(24).  325 

The current per capita irrigation area of farmer households which exceeds (falls 326 

short of) the average per capita irrigation area of the canal system, x =0.101 hm²327 

/person, needs to be reduced (compensate). The fairness constraint is: 328 

 1

2

3

4

5

6

7

8

0.056

0.067

0.080

0.083

0.122

0.133

0.150

0.156

x

x

x

x

x

x

x

x


 
 
 
 
 



 

  

A substantial reduction in the per capita irrigation area of farmer households will 329 

lead to a reduction in their allocated water rights. In order to ensure a certain amount 330 

of basic irrigation water for farmers, this paper sets the reduction ratio to 0.3, the basic 331 
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water security constraint is: 332 

5

6

7

8

0.085

0.093

0.105

0.109

x

x

x

x


 
 
 

 333 

The more per capita irrigation area is above or below the average of canal 334 

system , x =0.101 hm²/person，the greater the degree of reduction or compensation is, 335 

that is, the degree of reduction and compensation is restricted as follows: 336 

8 7 1 2 6 5 3 40.156 0.150 0.056 0.067 0.133 0.122 0.080 0.083x x x x x x x x                337 

After the equilibrium, the per capita irrigation area of each farmer household still 338 

satisfies the ranking before the equilibrium, ensuring the fairness of the distribution of 339 

water rights among farmer households, that is, the ranking constraint is: 340 

1 2 3 4 5 6 7 8x x x x x x x x        341 

Before and after the equilibrium, the total irrigation area of the canal system for 342 

water rights allocation does not change, that is, the irrigation area constraint is: 343 

1 2 3 4 5 6 7 86 8 5 4 6 7 4 3 4.333x x x x x x x x         344 

After the equilibrium, the Gini coefficient of the farmer households' agricultural 345 

population-irrigation area should be smaller than that before the equilibrium, to ensure 346 

that the distribution plan is fairer than the current distribution, that is: 347 

0.1968iniG   348 

After equilibrium, the per capita irrigation area of each farmer household is 349 

greater than 0, that is, the non-negative constraint is: 350 

0 ( 1,2, ,8)ix i   351 

The genetic algorithm in MATLAB is used to solve the model, and the per capita 352 

irrigation area of the 8 farmer households of the canal of Grazing team (4) is balanced. 353 

The balanced per capita irrigation area of the farmer households is shown in Table 4. 354 
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Tab. 4 The per capita irrigation area of each farmer household after equilibrium 355 

Farmer 

household 

number 

Area 

（hm
2） 

Agricultural 

population 

Per capita irrigation 

area of farmer 

household

（hm
2
/person） 

Per capita irrigation area 

of farmer household after 

equilibrium（hm
2
/person） 

1 0.333  6 0.056  0.071  

2 0.533  8 0.067  0.079  

3 0.400  5 0.080  0.087  

4 0.333  4 0.083  0.089  

5 0.733  6 0.122  0.115  

6 0.933  7 0.133  0.122  

7 0.600  4 0.150  0.133  

8 0.467  3 0.156  0.137  

Total 4.333  43   

According to the canal-level water rights allocation method, the allocated water 356 

rights of the canal of Grazing team (4) is 13000 m³. According to the per capita 357 

irrigation area of each farmer household after the equilibrium, combined with formula 358 

(25), the water rights distributed for each farmer household by the model is calculated. 359 

The current water rights of farmer households and the water rights distributed by the 360 

model are shown in Table 5. 361 
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Fig. 5 Per capita irrigation area of farmer households before and after equilibrium 363 

Tab. 5 The amount of water rights allocated by the model and the amount of current 364 

allocated water rights for farmer households   unit: m³ 365 

Farmer household 1 2 3 4 5 6 7 8 

Water rights allocated 

by the model 

1284 1888 1310 1072 2064 2562 1600 1230 

Current allocated 

water rights 

1000 1600 1200 1000 2200 2800 1800 1400 

3.2 Discussion 366 

3.2.1 Analysis of water rights distribution for the canals diverted directly 367 

from the national canal system 368 

The current actual water consumption compared with the permitted water 369 

volume, the total water consumption volume of canal system in Wulanbuhe Irrigation 370 

Area is 347.9529 million m³, which is greater than the 330 million m³permitted. The 371 

current water rights allocation needs to be adjusted. 372 

After the completion of the water-saving project, the total amount of water rights 373 

distribution for the canal system can be reduced. The Wulanbuhe Irrigation Area 374 

mainly saves water through three water-saving projects of canal lining, border field 375 

reconstruction and drip irrigation. The future water-saving amount calculated of three 376 

water-saving projects is 77.641 million m³, 68.10 million m³and 22.40 million m³377 

respectively. The total water saving in Wulanbuhe Irrigation Area is 168.0817 million 378 

m³. 379 

According to the water rights allocation model of the national canal system, from 380 

the actual current water volume minus the water saving amount, the total amount of 381 

water rights allocated to the 411 canals is 179.8712 million m³, which is less than the 382 
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permitted water volume, and there is a remaining water volume of 150.1288 million m383 

³. The remaining water can be traded for water rights to increase the efficiency of 384 

water resources utilization. 385 

  386 

Fig. 6 Water rights allocation of canal system in Wulanbuhe Irrigation Area 387 

3.2.2 Performance test of water rights allocation model among farmer 388 

house- holds 389 

After the optimization of the model is solved, the Gini coefficient of the farmer 390 

household’s population - the balanced irrigation area of the Grazing team (4) is 0.1289, 391 

which has been significantly improved compared with the Gini coefficient of 0.1968 392 

of the farmer household’s population - the current irrigation area, and the distribution 393 

of water rights among farmer households through the model is more equitable. 394 

Comparing the per capita irrigation area of farmer households after equilibrium by the 395 

model with that before, the compensation for farmers 1, 2, 3, and 4 is 0.0158 hm²396 

/person, 0.0120 hm²/person, 0.0073 hm²/person and 0.006 hm²/person respectively, 397 

and the reduction for farmers 5, 6, 7, and 8 is 0.0075 hm²/person, 0.0113 hm²/person, 398 

0.0167 hm²/person, and 0.0189 hm²/person respectively. The water rights distributed 399 
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by the model for each farmer household have also been compensated or reduced 400 

accordingly compared to before. The amount of compensation (reduction) is shown in 401 

Figure 7. 402 

  403 

Fig. 7 Comparison chart of current water rights and water rights allocated by the 404 

model 405 

According to the distribution results of the model, for farmer households with a 406 

small population and large irrigation area, such as farmer households 5,6,7,8, the 407 

water rights allocated by the model are less than the current allocation. As their 408 

irrigation needs cannot be met, they can adjust planting structures or obtain additional 409 

water rights through water rights transactions. For farmer households with a large 410 

population and a small irrigation area, such as farmer households 1, 2, 3, 4, the water 411 

rights allocated by the model are 754 m³more than the current allocation when only 412 

the irrigation area is considered. The allocation results by the model take into account 413 

the asymmetric factors of farm household population and irrigation area, and is more 414 

equitable. For example, the current water rights distributed for farmer household 1 415 

and farmer household 4 are both 1000 m³, but the water rights allocated by the model 416 
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are 1284 m³respectively and 1072 m³. The water rights distribution model among 417 

farmer households established in this paper is fairer in the water rights allocation 418 

process, and to a certain extent can alleviate the contradiction between farmers and 419 

water distribution managers. After the establishment of the farmers’ water rights 420 

market, farmers with more water rights voluntarily sell water rights, while farmers 421 

with fewer water rights voluntarily purchase water rights, which provides an 422 

opportunity to carry out water rights transactions among farmers in irrigation areas. 423 

3.2.3 Overall Analysis of Water rights Distribution in Irrigation District 424 

The results of the water rights distribution at the national canal system level and 425 

among farmer households calculated by the double-level water rights allocation model 426 

show that the total amount of water rights allocated for each canal in the irrigation 427 

district has been greatly reduced, which will inevitably lead to a relative decrease in 428 

the water rights distributed for farmers in the irrigation district. Therefore, the 429 

government should strengthen the implementation of water-saving projects, and the 430 

farmers themselves need to implement field water-saving measures, such as adjusting 431 

the planting structure and adopting high-efficiency water-saving irrigation 432 

technologies. 433 

4. Conclusion 434 

This paper establishes a double-level water rights allocation model of canals - 435 

farmers in irrigation district. The canal-level water rights allocation model is based on 436 

the future water saving of the canal system in the irrigation district; the famer-level 437 

water rights allocation model is set up based on the Gini coefficient method to deal 438 

with the problem of water rights allocation under the asymmetric information of the 439 

agricultural population and irrigation area of the farmer households. The canal-level 440 
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water rights are reduced by the model compared to the five-year average water rights, 441 

but the basic characteristics of the irrigation land controlled by the canal system are 442 

different, and the water-saving potential is different, so the distributed water rights at 443 

canal-level have been reduced by different degrees than before. The distribution of 444 

water rights among farmer households mainly compensates the water users whose per 445 

capita irrigation area is less than that of the canal system. At the same time, it reduces 446 

those water users’ per capita irrigation area which is higher than that of the canal 447 

system, the degree of compensation (reduction) is different because of population and 448 

irrigation area of the farmer households. 449 

The distribution of water rights at the canal-level pays more attention to the 450 

water-saving potential of the irrigation district. Government management agencies 451 

will strength the implementation of water-saving projects for arable land to promote 452 

the conservation and utilization of water resources and sustainable development. The 453 

distribution of water rights at the farmer-level in the irrigation district 454 

comprehensively considers the two basic factors of population and irrigation area to 455 

achieve the fairness of water rights distribution among peasant farmers. 456 
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