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Abstract

Based on such severe situation, we need to work out a way that enables us to
analyze the current and future ability of a region to provide clean water to
meet the needs of its population, and to develop a reasonable strategy to op-
timize the utilization of water resources in this area. This paper has worked
out a resolution model and input the data of China, the United States, Russia,
Laos and Afghanistan to do national testing. Then, we use the policy from
“diaper incident” to do policy testing. The calculation results of the model are
in conformity with the reality. Therefore, the model is effective. At last this
model is used to resolve Gansu’s water problem and provide effective advices
for the local government.
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1. Introduction

According to the UN water scarcity map, we find that the northern China is suf-
fering from serious water scarcity. Some of the northern provinces in China even
have achieved the degree of over-exploited, and Gansu province is included in
these provinces. After conducting further investigation, we find that in Gansu
province for many years, the average annual production capacity of surface wa-
ter is 28.2 billion cubic meters, which accounts for 1% of the total surface water
in China and ranks 29th out of 32 provinces (municipalities/ autonomous re-
gions). The amount of water per acre reaches 378 cubic meters, which is about
only a quarter of the national average and thus belongs to the serious water

shortage areas. The per capita water capacity in Gansu is 1077 cubic meters,

DOI: 10.4236/am.2017.810110 Oct. 31, 2017

1515 Applied Mathematics


http://www.scirp.org/journal/am
https://doi.org/10.4236/am.2017.810110
http://www.scirp.org
https://doi.org/10.4236/am.2017.810110
http://creativecommons.org/licenses/by/4.0/

Y.K. Lietal

which is about one third of the national average, one-eighth of the world’s aver-

age and has been close to the international severe water shortage limits.
Therefore, we take Gansu province as a region where water is either heavily or

moderately overloaded, which meet the requirements in task 2. We hope to find

a way for Gansu province to alleviate water scarcity through this analysis.

2. Model Design
2.1. Model Building
2.1.1. A Brief Introduction of the Model

Since a detailed introduction has been stated in “2.1 Outline of the Solution”,
thus we only make a simple explanation here as Figure 1.

As shown above, it is a dynamic model of water supply and demand, popula-
tion, natural environment, GDP and time. Water supply and demand will have
impact on population, and population will change the GDP and GDP per capita.
GDP will directly influence the water supply and demand or indirectly influence
the water supply and demand by changing the environment. Meanwhile, time is
also able to influence the environment and thus change the water supply and

demand.

2.1.2. The Operation Mechanism of the Model
a) Water Supply and Demand Model:

Water supply (s,) is influenced by natural factors (a_wj) and social facors (i, ).

S, =8 +a, xa W, +a, xi, +U, (1

1) Available water quantity model in the nature:

In the nature, available water quantity (a_w) is equal to the total water re-
sources (z_w) minus the discharge [1]. In the formula, a,, a4, and a, are parame-
ters that could be determined by the variance between supply (s,) and natural
factors (a_w;) and social facors (i, ), which is mainly indicated by the investment
of water infrastructure, and u_k represents the residual error of the regression

model. The model is:

Natural

GDP
‘S
\ Environment

Time

Population |&— Water Supply

and Demand

Figure 1. Water supply relationship.
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a w=z_w-10xdischarge (2)

Since the wastewater is discharged into the nature, it must produce pollution
to other water resources. Here we assume that the polluted water is ten times of
the sewage discharge.

2) Total water resource model in the nature:

Total water resource (z_w;) in one region is in relation with the local precipi-
tation, geology, topography and ecological environment. We assume that the in-
fluence of geology and topography to the total water resource is constant. The
ability of a region to reserve water is mainly illustrated by forest coverage [2].

And the model is:
z_w, =h, +b, x precipitation, +b, xforest_area, +u, (3)

3) Precipitation model:

The atmospheric precipitation water can be calculated by surface vapor pres-
sure. With recipitation model, we use surface temperature (7, unit: K) to calcu-
late surface saturated vapor pressure (£w; unit: hPa).

27316

T
log,, Ew=10.79574x1— """ _502800x log,, ———
9o T 9057316

]
+150475x10 x {1_ . Os.zgegxml} .

4.76955x17w

+0.42873x10°° x {10 T —1} +0.78614

Then, we use the surface saturated vapor pressure and relative humidity (7

unit: %) to calculate surface vapor pressure.

e=EwxU (5)
U = rpressure/Ew (6)
The “rpressure” in the previous formula is the actual vapor pressure, so
e = rpressure (7)
Because,
rpressure =1.25a(1+1/273.15) (8)

« _»

a” is absolute humidity in the previous formula. If a is constant and equals 10

(g/m?), then the precipitation is only related to the temperature. The model is:
precipitation, = c, +c, x rpressure, +C, x rpressure; +u, 9
4) Temperature model:
With greenhouse effect, the temperature # has the tendency of rising (n

represents the year). It is because the growing influence of temperature to the

precipitation [3], we build the temperature model:
t,=d, +d, xn+d,xn*+d, xn’+u, (10)

5) Forest area model:

Since forest has a strong ability to reserve water, forest area (forest area, )
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influences the local total natural water resources. After consulting materials, the
forest area has a strong relation with GDP per capita (gdp,) [4]. We build the
forest area model:

forest_area, =e, +e, xrgdp, +e, xrgdp; +e, x rgdp? +u, (11)

6) Investment in water infrastructure model:

Water infrastructure determines whether people can get more water to meet
their needs. As is indicated in research, GDP per capita has dramatic impact on
the investment in water infrastructure [5]. Imitating the lag variable models, we
build this model to illustrate changes of investment in water infrastructure:

i, = f,+ f,xrgdp, +u, (12)

7) Waste water discharge model:

The amount of waste water discharge (rdischarge, ) has great influence on
the amount of polluted water, which also changes the available water quantity.
Referring to EKC research documents, we build this wastewater discharge model

based on EKC relationship theory.
rdischarge, = g, + g, x rgdp, + g, x rgdp; + g, x rgdp; +u, (13)

8) Total waste water discharge model:
discharge = p x rdischarge (14)

b) Water demand model:

Water demand (d) is not only in relation with population, but also with eco-
nomic development. We find the relation between water demand and GDP per
capita in research documents, and build this model [6]:

dy = jo + Jyxrgdp, + j, xrgdp; +u, (15)
¢) GDP variation model:

After consulting related documents, we find the close relation between GDP

and population (p,). So we build the GDP variation model:
gdp, =M, +m, x P, +U, (16)
d) Population model:
Because water is significant to human surviving, whether the water supply can

meet the needs of water demand has considerable impact on the amount of pop-
ulation (p;) [7]. Thus, we build this model:

f, =Z,+ 2, xsd, +U, 17)
P = Py (1+ rk) (18)

e) Finally, we use S/D to suggest the ability of a region to provide clean water

to meet the needs of its population.

2.2. Model Testing
Application Analysis

We choose Shandong province as our research object to test whether the model
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is accurate and efficient. We get the data of Shandong province from 2005 to
2014 in China’s National Bureau of Statistics, and input these data into the mod-
el to conduct the test.

a) Water supply model:
S, =8, +a xa W, +a, xi, +U, (1)

The result of regression analysis is Table 1.

The relationship between s, and a_w is shown in Chart 1. The relationship
between s and 7/is shown in Chart 2.

As Chart 1 and Chart 2 show, R-squared = 0.9515, which indicates this model
explains the changes of s well. Since test value of P by F is close to 0, the model is
statistically significant in general, and is moderate fine. Since the estimated value
of coefficient of a_wis greater than coefficient of 7 it suggests that water supply

is more sensitive to the changes of a_w.

S, =198.742+0.0475029 x a_w, +0.0082295x i, (19)

Table 1. Linear regression 1.

Number of obs = 6
F(2, 3)=103.71
Prob>F = 0.0017
R-squared = 0.9515
Root MSE = .50768

Linear regression

| Robust
s| Coef. Std. Err. t P>t [95% Conf. Interval]

a_w| .0475029 .0078762 6.03 0.009 .0224373 .0725686
i| .0082295 .0007732 10.64 0.002 .0057688 .0106902
cons| 198.742 3.112197 63.86 0.000 188.8376 208.6464
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Chart 1. Available water quantity model (nature).

DOI: 10.4236/am.2017.810110

1519 Applied Mathematics


https://doi.org/10.4236/am.2017.810110

Y.K. Lietal

[Te]
-3 d
& *
* o
L

- i -
ﬁ T » * ______-"’ i

T - *

____.-—"
'-O -
N
*
o
‘& L T T T T T
0 500 1000 1500 2000
i
|0 s Fitted values|

Chart 2. Available water quantity model (social investment).

Table 2. Linear regression 2.

Number of obs = 7
F(2,4)=26.18
Prob>F = 0.0050
R-squared = 0.8743
Root MSE = 20.732

Linear regression

| Robust
zw| Coef. Std.Emr. t P>t [95% Conf. Interval]

precipitation | .5825711 .0805231 7.23 0.002 .3590031 .8061391
forest_area| .1818078 .2110593 0.86 0.438 -.4041867 .7678023
_cons | -149.5273 71.90656 -2.08 0.106 -349.172 50.11729

The coefficient of a_wand 7are both positive number, so s is in positive cor-
relation with a_wand 7

1) Available water quantity model in the nature:

a_w=_z w-10xdischarge 2)

2) Total water resource model in the nature:

z_w, =h, +b, x precipitation, +b, x forest_area, +u, (3)

The result of regression analysis is Table 2.

The relationship between z_w and precipitation is shown in Chart 3. The re-
lationship between z_wand forest_area is shown in Chart 4.

The data represented in the above charts illustrate that R-squared = 0.8743,
which indicates this model explains the changes of s well. Since test value of P by
F is close to 0, the model is statistically significant in general, and is moderate
fine. Since the estimated value of coefficient of precipitation is greater than coef-

ficient of forest_area, it suggests that z_wis more sensitive to the changes of pre-
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Chart 3. Precipitation and natural water supply.
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Chart 4. Forest area and natural water supply.

cipitation. Therefore, the model is:
z_w, =-149.5273+0.5825711x precipitation, +0.1818078 x forest_area, (20)

The coefficient of forest_area and precipitation are both positive number, so
z_wis in positive correlation with precipitation and forest_area.

3) Precipitation model:
precipitation, = c, +c, x rpressure, +C, x rpressure; +u, 9

The result of regression analysis is Table 3.

The relationship between Precipitation and rpressure as Chart 5.

R-squared = 0.3624, which indicates this model explains the changes of preci-
pitation to some extent, but there are some errors. From the test result of F, the

model is statistically significant in general, and is moderate fine. From the chart
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Table 3. Linear regression 3.

Linear regression Number of obs = 8
F(1,5)= .
Prob>F =.
R-squared = 0.3624
Root MSE = 68.599

| Robust
precipitat~n |  Coef. Std. Err. t P>t [95% Conf. Interval]

rpressure | -1.50e+07 7911202 -1.90 0.116 -3.53e+07 5330947
rpressure2 | 2858852 1505071 1.90 0.116 -1010055 6727760
~cons| 1.97e+07 1.04e+07 1.90 0.117 -7010742 4.64e+07

o
&3 7 .
*
o —a
= -
o L
'_-‘Pd_»-
"
8 B * — _.——”-f
N~ - L~
L .
8 _,_a-"f_f
R 1 e,
L
o
0 4
©
*
o
S
© T T T T T T
2.622 2.624 2.626 2.628 2.63 2.632
rpressure

# precipitation Fitted values

Chart 5. Precipitation model.

above, we could see that precipitation grows with rpressure in some condition.
The model is:

precipitation, =197e +07 —1.50e + 07 x rpressure, + 2858852 x rpressure; (21)

4) Temperature model:
t =d, +d, xn+d,xn*+d,xn’+u, (10)

The result of regression analysis is as Table 4.

The relationship between T and n is as Chart 6.

R-squared = 0.7638, which indicates this model explains the changes of tem-
perature moderately, but there are some errors. Since test value of P by F is close
to 0, the model is statistically significant in general, and is moderate fine. From
the chart above, we could see that temperature grows with years in some condi-

tion. The model is:

t, =13.7568+0.4562897 x N —0.1736422x n* +0.0145319xn>  (22)

DOI: 10.4236/am.2017.810110

1522 Applied Mathematics


https://doi.org/10.4236/am.2017.810110

Y.K. Lietal

Table 4. Linear regression 4.

Linear regression Number of obs = 10
F(3,6)=17.42
Prob >F = 0.0023
R-squared = 0.7638
Root MSE = .21892

| Robust
t|  Coef. Std. Err.  t P>t [95% Conf. Interval]

n| .4562897 .2360093 1.93 0.101 -.1212043 1.033784
n2| -.1736422 .0606284 -2.86 0.029 -.3219945 -.0252898
n3| .0145319 .0041322 3.52 0.013 .0044208 .0246429

_cons| 13.7568 .218345 63.00 0.000 13.22253 14.29107

138 14 142 144
h
\

13.6
.l

13.4
*

0 200 400 600 800
n3

¢+t —Fitted values

Chart 6. Temperature model.

5) Forest area model
forest_area, =e, +e xrgdp, +e, xrgdp; +e, xrgdp; +u, (11)

The result of regression analysis is as Table 5.

The relationship between Forest_area and rgdp as Chart 7.

R-squared = 0.8099, which indicates this model explains the changes between
forest_area and rgdp well, but there are some inevitable errors as well. From the
test result of F, the model is statistically significant in general, and is moderate
fine. From the chart above, we could see that forest area grows with GDP per ca-

pita in some condition. The model is:

forest_area, = 265.2094 —0.0827098x rgdp, +0.0000311x rgdp?

(23)
—2.95¢ - 09x rgdp?
6) Investment in water infrastructure model:
i, = f,+ f,xrgdp, +u, (12)
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Table 5. Linear regression 5.

Linear regression Number of obs = 10
F(2,6)= .
Prob>F =.
R-squared = 0.8099
Root MSE = 13.775

| Robust
forest area| Coef. Std. Err. t P> [95% Conf. Interval]

rgdp | -.0827098 .123899 -0.67 0.529 -.3858796 .2204601
rgdp2| .0000311 .0000309 1.01 0.353 -.0000445 .0001068
rgdp3 | -2.95¢-09 2.41e-09 -1.23 0.266 -8.85e-09 2.94e-09
_cons| 265.2094 1482316 1.79 0.124 -97.50035 627.9192

=)
S 4
Y
o _f"’fd
2 -
N -
* * . . * .
. -
v. a . ~
N -
o ,_f-*""rf
N -
N . e
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Fitted values|
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Chart 7. Forest model.

Using the same regression analysis in water supply model, we can get the re-
sult of regression analysis is:

R-squared = 0.8099, which indicates this model explains the changes between
investment and rgdp well, but there are some inevitable errors as well. From the
test result of F, the model is statistically significant in general, and is moderate
fine. From the chart above, we could see that investment grows with GDP per

capita in some condition. The model is:

i, =—373.2892 +0.431395x rgdp, (24)
7) Waste water discharge model:
rdischarge, = g, + g, x rgdp, + g, x rgdp; + g, x rgdp;’ +u, (13)

Using the same regression analysis in water supply model, we can get the re-
sult of regression analysis is:

R-squared = 0.9907, which indicates this model explains the changes between
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R discharge and rgdp well, but there are some inevitable errors as well. From the
test result of F, the model is statistically significant in general, and is moderate
fine. From the chart above, we could see that R discharge grows with GDP per
capita in some condition. The model is:

rdischarge, =15.8245+0.0069993x rgdp, + 2.31e —07 x rgdp;

(25)
—6.48e —11x rgdp;

Using the same regression analysis in water supply model, we can get these

results:
b) Water demand model
d, =181.322+0.19625x rgdp, — 2.31e — 06 x rgdp? (26)
¢) GDP variation model:
gdp, =—677484+75.12275x% p, (27)
d) Population model:
r, =—7876.886 +7881.895x sd, (28)

All of these models are statistically significant in general, and the imitative ef-

fect is fine.

3. Gansu Province with Teh Model

3.1. Water Scarcity Analysis by Using Model

After analyzing the water supply and demand in Shandong, we use the data in
the last 20 years provided by China’s National Bureau of Statistics and use the
same method to build a model of water supply and demand in Gansu:
a) Water supply model:
s, =103.642+0.0572023x a_w, +0.0162697 x i, (29)
Available water quantity model in the nature:
a_w =z _w-10xdischarge (30)
Total water resource model in the nature:

z_w, =-173.4251+0.3355814 x precipitation, +0.2315076 x forest_area, (31)

Precipitation model:
precipitation, =54e+05-1.23¢ + 04 x rpressure, +2245751x rpressure’  (32)
Temperature model:

t, =8.4534+0.3545827 xn—0.1369172 x n? +0.0267482x n® (33)

Forest areas model:

forest_area, = 434.1398-0.0593192 x rgdp, +0.0001563x rgdp;

) (34)
—4.26e — 07 x rgdp,

Investment in water infrastructure model:
i, =—174.3584 +0.624367 x rgdp, (35)
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Waste water discharge model:

rdischarge, = 4.8565+0.0256297 x rgdp, +1.91e — 06 x rgdp;
—3.58e — 09 x rgdp;

Total waste water discharge:
discharge = p x rdischarge
b) Water demand model:
d, =104.624+0.26645x rgdp, —3.51e — 07 x rgdp?
¢) GDP variation model:
gdp, =m, +m, x p, +U,
d) Population model:

r, =—2893.527 +3012.847 x sd,
P = Pva (1"' rk)

3.2. Water Situation in 15 Years

(36)

(14)

(37)

(16)

(38)

(18)

Time passes by 15 years from 2014, and we are in 2029. We use this model to

forecast the water resources in Gansu, and here is the data as follows:

water resources in Gansu

2014 2029
aw 132.4068 127.817
zw 198.38 204.41
discharge 65,973.23 76,592.87
rdischarge 25.46 28.26
forest_area 507.45 511.27
gdp 6936.82 14,213.26
P 2591 2710
r 6.1 3
rgdp 26433 5244.7
i 608.13 1095
precipitation 420.2 463.3
t 8.7 10.95
d 120.57 129.94
s 120.57 119.54
s/d 1 0.92

3.3. The Impact of This Situation on the Residents

According to the data, the value of S/D has changed into 0.92 < 1 in 2029, which

suggests that the water supply is slightly insufficient. Though the total water re-
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source and investment in water infrastructure has increased to some extent, both
the GDP per capita and waste water discharge have increased which leads to a
unobvious increase and even a loss in water supply. The increase in GDP per ca-
pita generates an obvious increase in water demand, and thus produces a scant
water supply. Under this situation, on one hand the growth rate of population
will fall, and reduce the water demand; on the other hand, government will in-
crease the investment in water infrastructure, put a step forward on water con-
servation and utilization and increase water supply to make S/D > 1 to meet the

needs of water.

4. Intervention Plan

Design an Intervention Plan

Our intervention plan is made up of four parts: A, B, C, D.

Plan A: Alter the growing structure of crops

We should introduce a ban on large-scale reclamation, migration and high
water-consuming plants in Hexi. Go a step further and reduce the planting area
of intercropped wheat, corn and other common crops. Alleviate carrying capaci-
ties of resources by developing the cultivation of low water-consuming and
drought-enduring plants. Expanding the planting area of wine grape and high-
quality beer barley to achieve the win-win outcome of water saving and income
increasing.

Plan B: Plant trees, thus expanding the forest areas

Expand the planting areas of forest and grass, increase the vegetation cover
rate and strengthen the water-holding capacity of land.

Plan C: Increase financial expenditure on science and technology studies

Science and technology studies require the support from the financial policy.
If science and technology studies receive more money, it will give a rise to the
higher technological level of industrial production and irrigation, and thus re-
ducing the industrial water consumption and agricultural water consumption.

Plan D: Increase financial expenditure on water infrastructure including water
diversion and water conversion project

The Qinghai Lake is located closely to Gansu province, with which Gansu
could conduct water conversion project that transforms the salt water in the lake
into clean water. In addition, Gansu may construct water diversion project from
nearby rivers. Both of the solutions will directly increase the water supply of
Gansu. An increase of financial expenditure in water infrastructure will increase
the amount of water diversion project, water harvesting project, water reserve

project, water conversion project and pollution control project.

5. Conclusion

Historically, water scarcity has never been a trivial problem. Humans have al-
ways been seeking their ways when confronted with water scarcity. After con-

sulting and analyzing the background information, we have summed up the pre-
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vious attempts to exacerbate or alleviate the problem of water scarcity and come

up with several causes for water scarcity. With the help of the model, China’s

Government can promote such effective solutions for water scarcity to other

provinces, which will bring some changes for the citizens living there.
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