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Abstract. Most countries are suffering the water scarcity. Our goal is to explain the reason of the
water scarcity and predict the water resource conditions in the future. We establish a model to
quantify the ability of a region to provide the clean water, set an index system to assess the water
resource, and establish the prediction model to predict the water situation. By means of analyzing the
related indexes of the water situation in numerous regions, we screen out the effective indexes to
assess the water resource, and find out the relation between indexes and water supply-and-demand.
We determine the weight of each index through the entropy weight method. Due to each index’s
dimension is different, we standardize each index by means of the modified interval value
transformation method to unify the dimension. Further, we make the water supply ability match with
the water demand ability to meet the need of its population. We predicted each index’s value on the
base of the NAR neural net prediction model.

1. Introduction

The water you drink today has likely been around in one form or another since dinosaurs roamed
the Earth, hundreds of millions of years ago. While the amount of freshwater on the planet has
remained fairly constant over time—continually recycled through the atmosphere and back into our
cups—the population has exploded. This means that every year competition for a clean, copious
supply of water for drinking, cooking, bathing, and sustaining life intensifies [1].

While we measure water scarcity, we quantify it and analyze it mathematically as well. Dived the
measure of water scarcity into two part, one is the ability of a region to provide clean water, the other
is the demand of clean water. When the ability of a region to provide clean water does not match the
demands of clean water, the water scarcity is coming.

2. Measure the ability of a region to provide clean water

2.1 Determine the indexes’ weight and standardize the indexes
Considering the implied relation and the surface relation, we set a set m indexes to evaluate the

item. Let X, (i =1,2,3,...,m) be the representative of every index. Let X be the set of indexes, then
we have

X = (X, Xy, s X ) (1)
The weight of indexes can be represented as
W = (W, W,,...,W,,) (2

According to the entropy method [6], we can determine the weight. Assuming that there are n items,
we set the same m indexes to describe every item. List all the data in a matrix.
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The j-th index’s entropy is
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And the j-th index’s entropy weight can be represented as
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We divide the indexes into positive indexes and negative indexes. As for positive indexes, with the

value of indexes increasing, the items get higher. As for positive indexes, with the value of indexes

increasing, the items get lower. According to [7], we can improve the positive index formula by
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And improve the negative index formula by

i =

max (x; ) x1.05— x;
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The i-th item’s ability to provide clean water can be represented as E,; ,
Ei = Z Yij W; (9)
j=1
The j-th index of the i-th item’s ability can be represented as
Ej =y xw, (10)

2.2 Forecast model based on the neural networks model
Let h be an unbeknown smooth function, the output value for time t can be represented asY, , and

the vector of model’s parameter can be represented as

0D, @, ) (11)
The nonlinear autoregressive (NAR) model can be considered as:
Yt =h ((I)lYt—l + (I)zYt—z +-+ @ th—p ) + € (12)

Then we have the diagram of the NAR prediction model with one hidden layer.
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In this formula, the input and hidden layers of the network have p and H neurons respectively. The
transfer function of the hidden layers and output layers is g(-) and c(-) respectively. The output of

the first hidden layer is

+ ej (13)

p
Z;=9 [ZYtkak) + 901] (14)
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The output of the second hidden layers is
hl
Si=f [sztij +¢iJ (13)
i=1

The output of the output layer is
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2.3 Numerical Computation
According to the original data and objective situation, the author demand a region’s indexes as
follows. Let “+” be represented as the positive indexes, let “-” be represented as the negative indexes.

Table 1. The indexes

Dependencies Index character
irrigated area T

GDP per capita

Water demand Agricul_ture added value +
capacity Industrial added value o +
Added value of the tertiary industry —
Population density +
Natural population growth rate +
Annual rainfall +
Surface water resources per capita +
Groundwater resources per capita +
Water supply capacity Capacity of reservoir +
Waste water discharge per capita —
The forest coverage rate +
Investment in wastewater abatement +

Measure the ability of water supply (Use the initial of each index instead of the whole
spell.)According to the result showed above, the sum of water supply capacity is smaller than the sum
of water demand capacity in Hebei, China. It proves that generally Hebei Provence is facing serious
water scarcity, the fact is the water supply capacity does not match the water demand capacity.

Compare the water demand ability with the water
supply ability in Hebei, China

51.470%

30.00% 26.03%

Water demand ability in 2011 Water supply ability in 2014

Figure 2. Compare the water demand ability with the water supply ability in Hebei Province.

On the basis of the forecast model based on the neural networks model, plotting the graphs of the
indexes from 2014 to 2030 in Hebei province. Owing to the reality, annual rainfall and capacity of
reservoir are relatively constants at a certain region. During the process of forecasting, it is reasonable
to consider the two indexes as constant values.

78



Error Histogram with 20 Bins

Zero Error

(&)

Instances
w B

N

\\H/\ ANV -

o 7 A A L L L L
Errors rn 5 2010 2015 2020 2025 2030

Figure 1. The prediction graphs (Figure (a) is the error histogram of water supplies, Figure (b) is the
prediction graph)

3. Literature References

What is water scarcity? When an individual does not have access to safe and affordable water to
satisfy her or his needs for drinking, washing or their livelihoods we call that person water insecure
[2].

During the last few years water has become an increasingly important issue on the earth. There is
much talk of a water scarcity, of which the most obvious manifestation is that 1.2 billion people lack
access to safe and affordable water for their domestic use [3]. Yet the world's water systems face
formidable threats. More than a billion people currently live in water-scarce regions, and as many as
3.5 billion could experience water scarcity by 2025 [4].

Due to geography, climate, industry, agriculture, population, etc. We are heading towards a thirsty
planet. The challenge we face now is how to effectively conserve, manage, and distribute the water
we have. Many scholars determine the indexes of water, such as The Water Poverty Index (WPI) [5].

4, Summary

Reasons for lack of water resources in Hebei Province are as follows. In terms of water demand:

e [1 Industrial structure is not reasonable.

e [1 The proportion of industry and agriculture in the industrial structure is larger.

e [J The area is the main grain producing areas, so the agricultural irrigation area is very large.

e [1 Population density in the area is large.

In terms of water supply:

e [1 Because of the climatic reasons of the area, the rainfall is not high.

e [1 Per capita surface water and groundwater are far below the world average.

e [1 The region's major industries are iron and steel industry and the textile industry, making
wastewater discharge is larger, so the water quality is poor.
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