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Abstract. Water is a basic factor of the ecology, and is the irreplaceable physical base of human’s 

being and development. In this paper, we predict the dynamic change of water resource under the 

present situation and intervention based on the relations between water demand and supply. We come 

up with the RWSI to evaluate the water supply and demand relations of a certain region or country, and 

formulate the corresponding evaluating criterion. 

1. Introduction 

In a specific area, different varieties of water make up the whole water system, and have explicit 

hierarchies and structures. In the water resource system, there exists atmosphere water, surface water, 

groundwater, and the treated sewage and the called in water from the outside of the system. According 

to the formation of the water resources and the transformation between the water resources, we can 

describe a certain area’s water system. To deal with the relationships between the water resource 

supply and demand, we define the water resources in a certain water system as demand water and the 

supply water. 

2. Set up an Evaluation Index, RWSI 

2.1 Water Demanded and Supplied and the Equations. 

According to the actual demand, we clarify the demanding water into: urban water demanding, 

rural water demanding and ecological and environmental water demanding. And the supplying water 

consists of the surface water availability, groundwater availability and other water availability, which 

is also showed as the figure 1. 

 
Figure 1:Water source system in a certain area 

To judge the water resource bearing ability of the area, we quantitatively analyze the dynamic 

change from demanding and supplying availability. 

2.2 The Resource of Supplied Water And Analysis 
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1. The transferred method to supplied water can be described as figure 2. 

 
Figure 2: Origins and directions of water resources 

The ways to count the amount of different varieties of water are listed: 

The surface water: 
ttttt ERSVI V  

Then we can get SVt 

In this equation, V refers to the amount of the surface water, I refers to the amount of rainwater supplement, 

SV refers to the amount of water supply, R refers to the flow supplement, E refers to the evaporation and 

seepage loss. 

The groundwater: 
tt GEGSVW  tGV  

In this equation: GV refers to the amount of groundwater, W refers to the amount of penetration 

supplement, GSV refers to the amount of water supply, GE refers to the amount of evaporation loss 

The other resources of water: 
tMV  

Then, the total amount of supplied water is 

MVGSVSVSW   
We define the per capita water occupancy volume is A. A refers to the available water resources on average 

to each person's possession. 

We use the APW method, which is using the value of the A to judge the water scarcity degree:  

Table 1: The international index of water resource shortage 

The value of A Water Scarcity Degree 

1700<A<3000 Slight water shortage 

1000<A<1700 Moderate water shortage 

500<A<1000 Severe water shortage 

A<500 Extreme water shortage 

In the table, 
Region   theof Population Total The

Region   theofSupply  Water Total The
APW  

The index of APW just reflects the relationship between the supplied water and the population. But it is 

hard to reflect the situation of the region that lacks of water and population. So we introduce a new method to 

reflect the water scarcity degree by the water supply and demand relations. 

2.3 The Resource of Demanded Water and Analysis 

1. Urban water demand. 

(1) Domestic Water for Urban Residents 

We use the Quota Method [1] to predict the urban demanded water. That is, we set the rational water 

availability that everyone use for a day, and combine with the total amount of population to predict the 

demanding water availability. The algorithm equation is showed as: 
t
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In this equation:WUR refers to the water consumption of urban residents, PU refers to the urban population, 

QU refers to average water consumption, η refers to the utilize rate of water consumption. 

(2) Water for Industrial Production 
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In this equation：Sev refers to the added value of industry production, IQ refers to the water 

consumption of industry production, η refers to the utilize rate of water consumption, R refers to the 

water repetition rate. 
2. Rural Water Demand 

(1) Domestic Water for Rural Residents 

The way we calculate the amount of rural demanded water resembles the way we do when calculate the 

urban demanded water. 

(2) Water for Agriculture Production 

The water for agriculture production consists of water for farming crops and fishery, and the water for 

animal breeding. 

The amount of water for farming crops can be calculated by 

 t

F

t

Fi

t

Fi mA



*
W t

Fc  

In this equation: AF refers to the farming area of the crop, mF refers to the unit irrigation amount of 

the crop i., η refers to the efficiency of irrigation, The amount of water for fishery can be calculated by. 

 SPEwW t

f   

w refers to the area of the fish pond, E refers to the amount of evaporation, P refers to the amount of 

precipitation, S refers to the amount of permeate. 
The amount of water for animal breeding can be calculated by 

 ii

t

Ab mnW *  

n refers to the amount of animal, m refers to the average amount of water that animal drink. 

3. Ecological and Environmental Water Demand. 

(1) Basic Flow of River 

Basic flow of river consists of the basic water needs outside the river and the Basic water needs inside the 

river. 

Basic water needs inside the river refers to the water to maintain the river function. It consists of the water 

for economy flow, water for sediment transporting, and the water for aquatic organism. We can use the 

Tennant Method [2-5] to calculate availability of basic flow river. The amount of water can be calculated by 





12

1

t

XSHN ***3600*24W
i

iii PQM  

Basic water needs outside the river refers to the water in river, the lake and the swamp, and can be 

calculated by the conservations of the amount of water. 

  MW

t

XS RFPESW  *  

In this equation: W refers to the to the basic water needs outside, S refers to the area of the river, the 

lake and the swamp, E refers to the amount of evaporation, P refers to the amount of precipitation, F 

refers to the amount ofpermeate, R refers to the net flow of the system. 

(2) Urban green space needs water 

It can be calculated by 
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In this equation: Af refers to the area of the green space, mF refers to the unit irrigation amount of the green 

space, η refers to the efficiency of irrigation. 

Then we can know the total amount of demanded water is 

gXSXSHNAbfFcrId WWWWWWW  rURDW WW  

WDW refers to the total amount of demanded water. 

To reflect the water shortage of the region, we define the parameter RWSI to describe the relationship 

between the demand and supply, and to evaluate the scarcity degree. 

DWDW

DW

W

SV

W

SVW
RWSI 


 1  

In the equation, RWSI is the water scarcity index of a region. 

The evaluation criterion is showed in table 2 

Table 2: Evaluating criterion of the water scarcity 

Water Scarcity Degree RWSI/% 

Basic water satisfaction <5 

Slight water shortage 5~10 

Moderate water shortage 10~20 

Severe water shortage >20 

3. Conclusion 

We set an equation of the total water consumption based on the multiple water demanders. 

Meanwhile, from the perspective of water supply, we obtain the total amount of water supply by the 

different sources of water. And then we come up with the APW and RWSI to reflect the shortage of 

water resource, and formulate the evaluating criterion. 
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