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Abstract Along with social economy development, the total water consumption increased year by year. The 
conflicts between water supply and water consumption is growing. Water resources optimization dispatch, 
which is used to allocate water resources to meet the demand of water user on both time scale and spatial 
scale, plays an important role in water resources management. Aiming at improving the spatial allocation 
ability of traditional optimization algorithms, a uniform spatial allocation strategy is proposed accordingly. 
The proposed method is used to improve the performance of optimization algorithm to obtain solutions which 
can uniform the water supply in spatial scale. Simulation results show that the maximum ratio of water 
deficiency gained by the proposed method is smaller than that obtained by the original algorithm. The 
proposed method is effective to balance the demand of water users in spatial scale.  
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1 Introduction 
Along with social economy development, the total water 
consumption increased year by year. The conflicts 
between water supply and water consumption is growing. 
Water resources optimization dispatch, which is used to 
allocate water resources to meet the demand of water user 
on both time scale and spatial scale, plays an important 
role in water resources management [1-2]. In order to solve 
this problem, numerous methods have been proposed in 
recent years, linear programing (LP) [3, 4], none linear 
programming (NLP) [5, 6], dynamic programs (DP) [7, 8], 
discrete differential dynamic programming (DDDP) [9, 10], 
heuristic algorithms, such as particle swarm optimization 
(PSO) [11-13], genetic algorithm (GA) [14, 15], differential 
evolution (DE) [16, 17], cultural algorithm (CA) [18], ant 
colony algorithm (ACO) [19, 20], ant colony optimization for 
continuous domain (ACOR) [21]. These algorithms have 
been widely utilized in WROD. While all these algorithms 
try to optimal the water deficit on time scale by controlling 
the process of reservoir storage, lacking consideration the 
uniform spatial allocation demand of all the water users. 
In this paper, a uniform spatial allocation strategy has been 
proposed, which could efficiently improve the 
performance of optimization algorithm to obtain solutions 
which can uniform the water supply in spatial scale. 

The reminder of this paper is organized as follows, 
Section 2 introduces the formulation of WORD problem 

 
 

as well as the problem solving strategy. In Section 3, the 
proposed method is applied to solve WORD in GuiJiang 
River, and the results are analysed. Finally, conclusions 
are summarized in Section 4. 

2 Methodology 

2.1 Problem formulation  

2.1.1 Objective function 

In order to reflect the water deficient problem in river 
basin, the sum of each water user’s water supply deficient 
volume is chosen to be the objective. 

n

, ,
1 1

( ) 
= =

= −
T

i t i t
i t

deficient D S  
(1) 

where Di,t is the demand water of the i-th water user at the 
t-th period, Si,t is the supply water of the i-th water user at 
the t-th period. n is the number of water users in river basin, 
T is the scheduling period. 

2.1.2 Constraints 

(1) Water balance constraint 
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Vt is the capacity storage of the reservoir. It is the 
average inflow in period t, Qt is the average outflow in 
period t, tΔ  is the time span of a single period. 

(2) Water level constraint 
min max
t t tZ Z Z≤ ≤  

min
tZ  and max

tZ  are the maximum and the minimum 
water level of the reservoir at the t-th period. 

(3) Flow constraint 
min max
t t tQ Q Q≤ ≤  

max
tQ  is the maximum outflow reservoir in period t. 

min
tQ  is the minimum outflow. 
(4) Section flow constraint 

min
sec sec≥t tQ Q  

is the minimum section required flow in period 
t. 

2.2 River basin topology structure 
generalization 

The various physical entities to be considered in the water 
resources management problem include rivers, catchments, 
reservoirs, water users and water intakes. Among them, 
river is the link connecting the remaining entities. The 
river entity also contains sub-entities(key river sections). 
The key sections include control section, the inflow 
section of the catchment, the section of the reservoir, the 
water intake section, the first and last sections of the river 
and section at the intersection. The catchment is an entity 
formed by generalizing the inflow water in the basin, 
generally taking the upstream area of flow station on the 
main stream or reservoir as a catchment. 

Establishing the generalized topological structure of 
the river basin is the basis for studying the water resources 
management problem. The model logical structure directly 
affects the running speed of the computer, and a 
reasonable logical structure is easy for computer’s 
implement. The process of compiling the topology 
structure is as follows: Firstly, traverse all entities and 
store the river entities. and traverse the key sections of the 
current river and store them in the model calculate 
sequence by river. Next, during the traversal process, 
judge the type of current key section. (1)If the current 
section is control section or the first and last sections of 
the river, store the current section and jump to the next 
section; (2)If the current section is the inflow section of 
the catchment, the section of the reservoir or the water 
intake section, the corresponding catchment, reservoir and 
water intake is stored in the associated entity class of the 
current section, and then jumped to the next section; (3)If 
the current section is section at the intersection, whether 
the other river’s topology has been compiled should be 
determined. If the topology has been compiled, store the 
current section and jump to the next section of the current 
river. Otherwise, the current node is skipped and store the 
first key section of the crossing river. Finally, until all the 
rivers’ topology structures have been successfully 

compiled, end the process and the river basin model 
calculate sequence is finished. 

2.3 Differential evolution algorithm  

Differential evolution algorithm (DE algorithm) is a new 
type of algorithm. Its core principle is based on the theory 
of swarm intelligence. Because the DE algorithm has a 
very fast speed of convergence speed and a strong global 
search ability, it has been applied to solve many complex 
optimization problems in many fields since the theory was 
put forward. 

The basic process of differential evolution algorithm 
consists of three parts: mutation, intersection and selection. 
The process of differential evolution algorithm is similar 
to the selection process of nature. It also complies with the 
survival competition criterion of “survival of the fittest”. 
The realization of this criterion depends on the guidance 
of fitness value function. The fitness value is a quantitative 
measure that reflects the relative goodness of the target 
individual in the existing population. The fitness value is 
calculated by the fitness function, and the fitness function 
has different manifestations due to different specific 
scenarios.  

In the DE algorithm, single population individuals are 
generated by floating point vector coding. The function of 
the DE algorithm is as follows, First, two different 
individuals are selected from the initial parent population 
to generate a difference vector between the two 
individuals; Second, another individual among the parent 
population is selected. and the selected individual is 
summed with the previously obtained difference vector to 
generate a new experimental individual; Then, cross-
operates the initial parent population and the calculated 
experimental individual to generate a new individual; 
Finally, choose the better one between the initial parent 
individual, the newly generated individual and save the 
individual, which meets the target requirements. 

2.4 Uniform spatial allocation strategy 

The uniform spatial allocation strategy is based on the 
river basin calculation partition division method. The 
calculation partition division method divides the water 
basin according to the river basin model calculate 
sequence. The principle of partitioning river basin 
calculation partitions is to divide the calculate sequence 
into different partitions by sections at the intersection and 
water intake sections. Each partition only has one water 
intake section. Partition statistics and stores its upstream 
partitions which have hydraulically connection with 
current partition. The uniform spatial allocation strategy 
adjusts the spatial uneven water resource allocation 
problem on the basis of differential evolution algorithm. 
Details are shown as following, 

Step 1: Statistics the amount of natural inflow and 
reservoir storage variation in each partition to partition 
available water supply; 

Step 2: Statistics the remaining water of the upstream 
partitions hydraulically linked to current partition, and 
then balance the available water and demand water of the 
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current partition. If the available water is sufficient, supply 
water is equal to demand water, else supply water is equal 
to available water (Need consider the minimum ecologic 
flow of river);  

Step 3: According to the preliminary allocation result, 
calculate the water shortage rate of each partition. Then 
traverse the upstream partitions hydraulically linked to 
current partition (ignore partitions whose water shortage 
are higher than current partition). Statistics the water 
deficiencies of all relevant partitions and recalculate the 
overall shortage rate, all relevant partitions are supplied by 
the overall shortage rate.  

Step 4: Allocate the balanced water shortage to each 
water intake for reduction, re-simulate and update the 
fitness.  

3 Case study 

3.1 Description of case study 

GuiJiang river, one of the major tributaries of the XiJiang 
river system, originated from the first peak of Guangxi-
Cang'er Mountain. GuiJiang river flows through 
LingChuan County, Guilin City, YangShuo County and  
PingLe County, merges with GongCheng River into 
GuiJiang River. Then it flows through ZhaoPing County, 

CangWu County, and WuZhou City into the XiJiang River. 
It has a total length of 426 kilometers and a river basin area 
of 19,288 square kilometers. In this case, six reservoirs in 
GuiJiang River Basin are considered: Fuzikou Reservoir, 
Chuanjiang Reservoir, Xiaorongjiang Reservoir, 
Qingshitan Reservoir, Zhaoping Reservoir and Jingnan 
Reservoir. The water users in the river basin are 
generalized in the form of administrative district, 
including: Xing'an County, Lingchuan County, Guilin 
City, Yangshuo County, Pingle County and Zhangzhou 
City. The catchments are the upstream area of reservoirs 
and Guilin City. (shown in Fig.1). The problem of uneven 
distribution of water supply between upstream and 
downstream water users is very easy to occur in dry season. 
Therefore, it is imperative to use the uniform spatial 
allocation strategy. 

The measured runoff data of each flow station in dry 
season of Guijiang River Basin is used as the water income 
input, and the water consumption reported by each 
administrative district is used as the water demand input. 
The water regulation optimization model is established 
according to the rules in problem formulation. According 
to the actual incoming water and consumption water, the 
water resources optimization dispatch is carried out under 
the condition under the condition of uniform spatial 
allocation strategy and no strategy respectively.. 

 

 
Fig.1 GuiJiang river basin topology network 

3.2 Results analysis 

In this section, case 1 is simulated with method mentioned 
in Section 2.2, case 2 is simulated with methods mentioned 
in Section 2.2 and 2.3. Simulation of this problem is based 
upon a Java implementation running on a personal 
computer, Winds7 Ultimate server Pack1 x64, Intel(R) 
Core(TM) i5-2320 CPU@ 3.00GHZ, RAM 4.00GB. 

Detail results are shown as follows. 
Fig.2 shows the difference between each water user’s 

deficient rate between case 1 and case 2. In case 1, 
upstream water user’s assurance rate of water supply is 
much higher than downstream water users. In case 2, by 
using the uniform spatial allocation strategy, water supply 
assurance rate of water user upstream and downstream is 
basically uniformed. Meanwhile, the sum of each water 
user’s water supply deficient volume in case 2 is a little 
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lower than case 1. 

  
Fig.2. Comparison of deficient rate results in case 1 and case 2 

Without using the uniform spatial allocation strategy, 
we can see that XingAn and Yangshuo Country  in 
upstream has plentiful water all year, while GuiLin and 
Wuzhou City in downstream suffers seriously water 
shortage, shown in Table1. From Table 2, we can see 

obviously that the water shortage is fairly shared between 
XingAn Country and Guilin City, which means that the 
uniform spatial allocation strategy can uniform the water 
supply in spatial scale. 

 
Table 1: The water supply and demand results of XingAn and GuiLin in Case 1 

Month 
XingAn  GuiLin 

Demand 
Water(104m3) 

Supply  
Water(104m3) 

Deficient  
Rate(%) 

 Demand 
Water(104m3) 

Supply 
Water(104m3) 

Deficient 
Rate(%) 

1 1885.72 1885.72 0  7467.37 7467.37 0 
2 1954.59 1954.59 0  8022.23 8022.23 0 
3 1755.67 1755.67 0  21797.19 21797.19 0 
4 2263.98 2263.98 0  14638.78 13040.70 10.92 
5 2346.92 2346.92 0  15239.87 15239.87 0 
6 2382.31 2382.31 0  10756.16 6378.67 40.70 
7 2282.31 2282.31 0  10756.16 10610.61 1.35 
8 2215.79 2215.79 0  15794.73 11311.47 28.38 
9 1738.61 1738.61 0  22398.28 19294.63 13.86 
10 2163.98 2163.98 0  14638.78 8132.38 44.45 
11 1819.20 1819.2 0  13505.94 11518.72 14.71 
12 1729.22 1729.22 0  12881.72 7808.365 39.38 

 
Table 2: The water supply and demand results of XingAn and GuiLin in Case 2 

Month 
XingAn  GuiLin 

Demand 
Water(104m3) 

Supply  
Water(104m3) 

Deficient  
Rate(%) 

 Demand 
Water(104m3) 

Supply 
Water(104m3) 

Deficient 
Rate(%) 

1 1885.72 1885.72 0  7467.37 7467.37 0 
2 1954.59 1954.59 0  8022.23 8022.23 0 
3 1755.67 1755.67 0  21797.19 21797.19 0 
4 2263.98 2263.98 0  14638.78 14638.78 0 
5 2346.92 2059.30 12.25  15239.87 13372.17 12.25 
6 2382.31 2281.45 4.23  10756.16 10300.79 4.23 
7 2282.31 2282.31 0  10756.16 10756.16 0 
8 2215.79 1165.13 47.42  15794.73 8377.12 46.96 
9 1738.61 1660.04 4.52  22398.28 21386.02 4.52 
10 2163.98 1993.00 7.90  14638.78 13482.13 7.90 
11 1819.2 928.83 48.94  13505.94 6895.75 48.94 
12 1729.22 1187.44 31.33  12881.72 8845.79 31.33 

4 Conclusion 
In this paper, a water resources optimization dispatch 

problem on both time scale and spatial scale is proposed. 
The sum of each water user’s water supply deficient 
volume is used to be the criterion of water allocation in 
river basin. To solve this problem, a uniform spatial 
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allocation strategy is proposed to handle the allocation 
unbalance on spatial scale. Simulation results demonstrate 
that single differential evolution algorithm cannot solve 
the unbalance problem on spatial scale without adding 
constraints. On the basis that calculating order is from 
upstream to downstream, the water supply of upstream 
water user is ensured preferentially. But with the 
combination of the DE algorithm and uniform spatial 
allocation strategy, the demand of water users on both time 
scale and spatial scale has been taken into consideration. 
Therefore, the uniform spatial allocation strategy can 
significantly improve the performance of optimization 
algorithm to obtain solutions which can uniform the water 
supply in spatial scale. 
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