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ABSTRACT

Thefresh water in Chinaoccupies 6% of that of the wholeworld, whilethe
population occupies 21.29% of that of the whole world. The shortage of
thefreshwater isakey factor limiting the devel opment of China. According
to the distribution of the water resources in the mainland China, with the
aim of protecting the water resources, we give the priority to the earth
surface water resource and regard it asthe total amount of water resource
to do the analysis and movement of the water.

Firstly, by consulting the data and combining the Chinese national
conditions, we reckon the provinces with water shortage. Using the
combination mode of grey model and BP neural network, thewater shortage
inYear 2025 of the provinceswith water deficiency can be predicted. The
prediction relative error of themodel is0.31%. The prediction precisionis
high. The water resource strategy set according to the prediction value
can satisfy the needs of the water resourcesin Year 2025.

Secondly, according to the different location of the provinces, the provinces
with water shortage can be divided into inland areas and coastal areas. So
we can get the best way of obtaining the water resourcesisto alocate. In
the coastal areas, besides the movement of the water, we should consider
the impacts of desalination to the economy, physics and the environment.
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Freshwater¥ isthelimiting constraint for develop-
ment in much of theworld. Because of thefactors, such
asquick urbanization, pollution and drought, water short-
ageisasevereredtraint of Chinesesustainabledevel op-
ment. Asanew technology industry, seawater desdina
tion can provide another water resource to the human
beings. Thedesalinated water, being astrategic water
resource?, can be promoted inthe coastd cities, sothat

thesocid development and daily needsfor water canbe
baanced, which playsavitd roleinthesafety of drinking
water, eveninthenational security. At present themain
industry of seawater desdinationislocatedinthenorth
of China, specificdly Boha Bay area.

INTRODUCTION OF EARTH SURFACE
WATER RESOURCE

The gross of water resource™ includes earth sur-
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face resource, underground water, and the duplica-
tion part of the earth surface water and underground
water.

According to thewater resource data of the Chi-
nese provincesfrom ChinaStatistical Yearbooksin the
year of 2004 to 2012, we can get the average value

M of theper capitaof total amount of water resource
in each provinceand theaveragevalue N’ of the per
capitaof theamount of earth surface water.

M’
the earth surface water to thetotal amount of thewater
resource. Thefewer amount of | meansthelarger con-
tribution degree of thewater resource and thesmaller
contribution degree of the underground water resource.
Thevauesof N7, N’ and i inal theprovincescan
beshownin TABLE 1andFigure 1.

From Figure 1 we can know the contribution de-
gree of the earth surface water resource to the water
resource total amount. The earth surface water re-
sources of 26 provinces, such asHainan, Guangdong,
Guizhou, Sinkiang and other provinces, havelarger
contribution degreesto thewater resourcetota amount;
the earth surfacewater resources of the provinces, such
asHebe, Henan, Shaanxi, Ningxiaand Inner Mongolia,
have | ess contribution degreeto the total amount of

Definei = isthe contribution degree of

water resource.

Analysisfrom theaspectsof water resour cepro-
tection

(1) The significance of underground water re-
sour ces

Thenatural underground reservoir constructed by
theunderground water resources can effectively reduce
the evaporation'. It has some advantages of lessin-
vestment, better efficiency of water storage, and low
environment impact. It playsavery important rolein
control and restoration of the geological problems of
the ecological environment and strategies storage and
emergency water supply of thewater resource.

(2) Thecontribution degreeof earth surfacewa-
ter resource

According to the earth surface water resource
amountin 1.1, thevaluesof | of theprovinces, suchas
Hai nan, Guangdong, Guizhou and etc, are gpproaching
to zero, which meansthat the water resourcesin the
districts can be supplied by the earth surface water re-
SOurces.

Considering the significance of the underground
water resource and the contribution degree of theearth
surfacewater resource, therelated water amount isca-
culated by using the data of earth surface water re-
source.

TABLE 1: TheValuesof N\’ (unit: hundred million m®), N’ (unit: hundred million) and i of theprovinces

Province M’ N’ [ Province M’ N’ i
Shanxi 291.3 178.0 0.39 Hunan 2467.0 2456.2 0.00
Fujian 3065.7 3062.2 0.00 Hebei 202.8 77.2 0.62
Liaoning 711.3 624.4 0.12 Guangxi 3605.6 3605.6 0.00
Jilin 1444.1 1242.6 0.14 Hainan 4128.1 4081.4 0.01
Anhui 1182.3 1105.7 0.06 Sichuan 2924.1 29222 0.00
Jiangsu 562.0 436.5 0.22 Guizhou 2454.0 2454.0 0.00
Zhgjiang 1756.7 1729.0 0.02 Y unnan 4188.0 4188.0 0.00
Guangdong 1846.4 1836.1 0.01 Tibet 1566027 156602.7 0.00
Inner Mongolia 1703.3 1185.9 0.30 Shaanxi 11508.0 1080.7 0.06
Shandong 937.0 836.2 0.11 Gansu 837.0 802.8 0.04
Jiangxi 3182.3 2552.7 0.20 Qinghai 128925 12542.3 0.03
Henan 470.7 344.3 0.27 Ningxia 160.3 122.9 0.23
Hubei 1659.4 1606.4 0.03 Sinkiang 4372.9 4134.6 0.05
Heilong jiang 1854.1 1522.9 0.18
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Figurel: Thecontribution degreeof earth surfacewater of theprovinces

THE EVALUATION OFQUANTITY VALUE
OFPROVINCESWITHWATER DEFICIENCY

(1)Analysisof provinceswith water deficiency

According to theinternational standards®, if the
per capitaislessthan 3000 m3, the situation can be
regarded asmildwater shortage; if the per capitaisless
than 2000 m3 , the situation can beregarded as moder-

atewater shortage; if theper capitaislessthan 1000 m3,
the Situation can beregarded asthe severewater short-
age, if the per capitaislessthan 500 m3, thesituation
can beregarded as extreme water shortage.

In the process of model preparation, we use per
capitaearth surface water resource amount to replace
the per capitawater resource amount from the aspect
of protecting thewater resource. Because of thelarge
density of the popul ation and lessamount of per capita
earth surfacewater resource, the provinces, whose per

capita earth water resources are less than 1000 m?,

can beregarded asthe placewith water deficiency; the
provinces, whose per capita earth surface water re-

sources are between 1000 m3? and 3000 m3, can be

regarded astheplaceswith salf sufficient water resource;
the provinces, whose per capita earth surface water

resources are more than 3000 m?3, can beregarded as

the places with abundant water resources.
Thenwecan obtaintherdation equation of resource
amount of per capitaearth surfacewater

N=MXT
S

N istheper capitaearth surface water resource
amount; \q istheper capitawater resource amount;
S isthetota amount of water resource; and T isthe
total amount of the earth surface water resource.

From the abovere ation, the per capitaearth sur-
facewater resourceamount N of the Chinese prov-
incescan becaculated. Theprovinceswith water defi-
ciency, self-sufficiency and sufficiency can beclassfied
which canbeshownin TABLE 2.

(2)Prediction of water shortagein year 2025

(a) Introduction of the prediction mode

The data of the water resourcesin the provinces
changealot in years. If the simple model is used to
predict thewater amount in Year 2025, the prediction
precision will not be accurate. So in thisarticle, ac-
cording to the water resource data of the provinces
from 2004 to 2012, we use the combination model of
grey model and BPneural network to predict. Firstly,
we use grey modd to predict the dataand obtain one
group of residual error valuesand thenregard there-
sidud error valuesastheinput variablesand the actua
valuesof the predicted variablesastheinput variables
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TABLE 2: Thewater resourcesituation and per capita earth surfacewater resourceamountsof provinces (m?3)

Province N Water Resour ce Situation Province N Water Resour ce Situation
Beijing 49  Water Deficiency Hubei 1606  Self-sufficiency
Tianjin 77  Water Deficiency Hunan 2456  Sdf-sufficiency
Hebel 77  Water Deficiency Guangdong 1836  Self-sufficiency
Shanxi 178  Water Deficiency Guangxi 3605  Sufficiency
Inner Mongolia 1186  Self-sufficiency Hainan 4081  Sufficiency
Liaoning 624  Water Deficiency Chongging 1806  Self-sufficiency
Jilin 1242  Self-sufficiency Sichuan 3117 Sufficiency
Heilongjiang 1522  Self-sufficiency Guizhou 2454  Self-sufficiency
Shanghai 136  Water Deficiency Y unnan 4187 Sufficiency
Jiangsu 436  Water Deficiency Tibet 156602  Sufficiency
Zhgjiang 1729 Self-sufficiency Shaanxi 1080  Self-sufficiency
Anhui 1105 Self-sufficiency Gansu 802 Water Deficiency
Fujian 3062 Sufficiency Qinghai 12542  Sufficiency
Shandong 836  Water Deficiency Ningxia 122 Water Deficiency
Jiangxi 3017 Sufficiency Sinkiang 4134  Sufficiency
Henan 344  Water Deficiency

to establishaBP neura network model.
(b) Prediction of theprovincesof water deficiency
We predict the water shortages of the provinces
with water deficiency in yearsand the predicted aver-
agereativeerroris 0.31% , which meansthat we can
get thehigher prediction precision by using the combi-
nation modd to predict thewater shortage of the prov-
inceswith water deficiency in'Year 2025. Thepredic-
tion valuesof thewater shortagesof the provinceswith
water deficiency inYear 2025 canbefoundin TABLE
3.
(c) Prediction of provinceswith water self-suffi-
ciency
After predict the provinceswith water self-suffi-
TABLE 3: Theprediction valuesof provinceswith water defi-
ciency in Year 2025 (unit: hundred million m?)

Province Water Shortage Province Water Shortage
Beijing 317.4084 Jiangsu 580.1741
Tianjin 204.1213 Shandong 882.2381
Hebei 719.8714 Henan 724.5612
Liaoning 316.7853 Gansu 62.67934
Shanxi 316.3567 Ningxia 68.73176
Shanghai 362.2249

ciency, we can get theaveragerdative error of thepre-
dictionis0.13%. Theprediction result canbeseenin
TABLE 4. From thetable, according to the --predic-
tion of the provinceswith water self-sufficiency!®, we
can seethe per capitaearth surfacewater resources of
Year 2025 are between 1000 m? and 3000 3, sothe
possihilitiesof transforminginto theprovinceswithwa:
ter deficiency in Year 2025 can be excluded. There-
fore, these provinceswill not be anayzed.

(d) Prediction of provinceswith abundant water

Accordingto the predicted val ue of surface water
resource per capitain provincesof water sufficiencyin
TABLES5 (theaveragerdative error of predicted value
is0.09%), we can figure out each predicted value of

TABLE 4: ThePrediction valueof per capitaearth surface
water resource of provinceswith water self-sufficiency in

Year 2025 (unit: hundred million m?)

Province  Water Shortage Province Water Shortage
Inner Mongolia 2001.168 Hunan 2681.033
Jilin 1177.230 Guangdong 1470.544
Helongjiang 2670.860 Chongging 2064.987
Zhejiang 1008558  Guizhou 1745.494
Anhui 1774.085 Shaanxi 1295.009
Hubei 1479.410
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TABLES5: Thepredicted valueof surfacewater resour ce per
capitain provincesof water sufficiency in 2025 (unit: m?3)

Province Water Shortage Province Water Shortage

Fujian 4037 Yunnan 4350
Jiangxi 3640 Tibet 176067
Guangxi 3600 Qinghai 8964
Hainan 3108 Sinkiang 4443
Sichuan 3005

surfacewater resource per capitain provincesof water
sufficiency in 2025 is still above 3000 3, therefore

we can rule out the possibility for provinces of water
sufficiency becoming provinceswater saf-sufficiency.

THEAPPROACH FOR PROVINCESOF
WATER DEFICIENCY GAININGWATER
RESOURCE

According to the geographica distribution of
China’s land area, we divide China’s land area into in-
terior areasand coastal areas.

(1)Theapproach for provincesof water deficiency
ininterior areasgaining water resour ce

We set priority to take the surface water resource
asallocating resourceto supply theprovinces of water
deficiency. Therefore we can take the movement of

water resource asthe only approach for provinces of
water deficiency ininterior areagainingwater resource.

(2Theapproach for provincesof water deficiency
in coastal areasgainingwater resource

Consdering theuniqueway for coastd areasgain-
ing freshwater resource- de-salinization, combined
movement with de-salinization, wedecideto useAHP
(analytic hierarchy process)!” to formthe hierarchical
structure as the best freshwater supply approach for
coastal areasasshownin TABLEG.

To confirmtheindex weight of thebest freshwater
supply approachin coastd areas, weformtheAnaytic
Hierarchy FigureasshowninFigure 2.

Accordingto theanalysisof thefactorsabovein
reference 9-12, weform somejudgment matrixes be-
tween different layersfor comparison.

Judgment matrix fromAtoB:
(1 3 3 1
Ry = % - %
Vi1t
|1 33 1
Judgment matrix fromB to C:
R'ls]R[13]R2_13
21 -% 1|, N2 % 1|, T2 % 1

TABLE 6: Thebest freshwater supply approach for coastal areas-thehierarchical structure

Destination layer A Criterion layer B

Factor Layer C

Freshwater supply approach D

Cost consumption C;

Maintenance consumption C2

Hydrologic flow condition changes C3

Economy B,
The best freshwater supply ~ Physics B,
allocation for
coastal areas
Efficiency B, Efficiency Cq

Movement D,

Geological changesC,

Desalinization D,

Social environment Cg

Environment B,

Natural environment C,
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The best freshwater supply approach in coastal areas«
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Figure2: TheAnalyticHierarchy Figureof thebest freshwater supply approach in coastal areas

Judgment matrix fromCtoD:

(1 5] 1 3 1 5
R31=% :L,R32=|:}:/3 1:|,R33=|:% 1]

1 3] 1 5 1 3
R34=_% 1-, R35=|:% 1], R36=|:}:/3 1],
1 4]
Ry = }:/3 1

With the help of Saaty s method of weighting, we
can calculatetheindex weight of each layer andfinally
figureout thedifferent combinationd weghtsby weight-

ing: the weight value of movementw, = 0.667 , the
weight valueof Desalinizetion w, = 0.333

CONCLUSION

The grossamount of water resourceincludesthe
amount of surfacewater resource, the amount of un-
derground water resource and the repeated amount of
surface water and underground water. If we allocate
water resource basing on the gross amount of water
resource, itisbound to over-expl orethe underground
water resourcein someregionsthat would causethe
subsidence and even collapse of ground, salineintru-
sion, sainization of underground water, exhaustion of
surface water, the and exsci ccation of ground vegeta-
tionsinarid and semi-arid regions, and deterioration of

water quality. Consequently, from the point of protec-
tion of underground water, we should givepriority to
theuseof surfacewater andtakeit asthegrossamount
of water resourceduring calculation.
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