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ABSTRACT

Fresh water isalimiting factor influencing the devel opment of most regions
in the world. Taking China’s vast land and uneven water resource
distribution into account, we will divide it into seven regions of North
China, Northeast China, East China, Central China, Southwest China,
Northwest China and South China and then construct a water resource
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strategic optimization model. Construct amulti-source and multi-terminal
network flow model and work out the minimum cost maximum flow fromthe
source to the sink point so as to put forward an effective, feasible, low-

cost water resource strategic optimization model.
© 2014 Trade ScienceInc. - INDIA

ANALYSISOFTHE PRESENT STATUSOF
WATER RESOURCES

Asanessentia resourceto sustain the survival and
development of human beings, water resources serve
asoneof the controlling factorsin ecological system,
act as strategic economic resources, and meanwhile
pose asan organic part inacountry’s comprehensive
cgpabiilities. However, many countriesand areasaround
theworld are suffering from the shortage of water re-
sources. Therefore, formulating reasonableand feasible
water resources strategiesisone of theimportant re-
searchissuesof theworld.

At present, therearearound 1.5 billion peoplein
80 countriesfacing a serious shortage of fresh water
resources. Among them, morethan 300 million people
in 26 countriesareliving entirely in asevere state of
water shortage. Itisestimated that by the year of 2025,

3 billion peoplein theworld will be confronted with
water shortage. Global Environmental Outlook, re-
leased by United Nations Environment Programmein
May 22, 2002, pointsout that, currently, half of the
global river water isreduced by alargemarginand is
severely contaminated. Thefact the 1.1 billion people
around theworld cannot obtain safedrinking water, and
2.4 billion peopl e (about 40% of global population)
suffer alack of health facilities, makesit urgent to take
more effective measures. If not, by the year of 2025,
with ahugeincrease of 40% in fresh water demand,
amost hdf of thegloba populationwill belivinginwa-
ter-deficient areas, onethird of globa popul ation can-
not get accessto safe drinking water, and more than
half of globa population have no hedthfacilities. Hu-
man beingsand thenatura environment they liveonare
inamoreand more dangeroussituation.

In China, with the devel opment of economy and
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TABLE 1: Water Supply of North China (unit: 100 million
cu.m)

Year  Surface Water Ground Water  Others
2004 322 62.9 05
2005 329 62.4 0.7
2006 339 63.1 0.9
2007 345 64.2 11
2008 34.9 63.7 16
2009 34.1 61.4 19
2010 35.7 60.6 21
2011 36.3 61.2 24
2012 36.3 61.2 24

society, theimbal ance between supply and demand of
water resourcesis aggravated day by day. The water
resourceseva uation resultsannounced by China’s Min-
istry of Water Resources show that for many years, the
average annual river runoff is2,711.5 billion cubic
meters, and average annual groundwater resourceis
828.8 billion cubic meters. With the double counting of
727.9 billion cubic meters between thetwo taken off,
the average annual water resource is summed up as
2,812.4 billion cubic meters. Thisnumber ranks6thin
theworld, only next to Brazil, Russia, Canada, America
and Indonesia. For thetotal amount, Chinaisrichin
water resources. However, dueto avast territory with
alargepopulation, per capitaand per mu availability of
water resources makeup little share. Accordingto sta-
tistics, China’s per capita possession of water share
about 2,260 cubic meters, ranking 121st intheworld,
lessthan 25% of the global average share. According
to thisstandard, Chinais approaching the edge of se-
verewater shortages.

EFFECTIVEAND FEASIBLE WATER RE-

SOURCE STRATEGIC MODEL
CONSTRUCTION

Data processing

Therearemany sourcesof fresh water supply with
the surfacewater and groundwater being the most ba-
sicones. Inaddition, rainfall and snow melting areall
available sources. Accordingtothedatain“ The Na-
tiona DataBook of China2012”, we collect the in-
fluencingfactorsof freshwater supply and andyzethem.
TakeNorth Chinaasan example: (SeeAppendix 1 for
therest areas)

Based ontheanaysisof abovedata, it can beseen
that ground water in North Chinaremainsrelatively
stable, sowetaketheaveragevalue62.3 (100 million
cu.m) of the underground water supply in North China
asthefuture groundwater supply.

To study the fresh water supply and demand rela
tionship in seven regions, we collect the total demand
of fresh water from 2004 to 2011 (See TABLE 2).

Supply and demand prediction

Taking North Chinaas an example, we adopt the
curvilinear regression to predict theregiona water sup-
ply with surfacewater being X, , groundwater being X,
and other water sourcesbeing x,, which arefitted with
thetimerespectively. Comparethefitting degree of vari-
ous curves (See TABLE 3) and take the curve with
best fitting degree astherd ation curveof water supply
conditionandtime(Figure1).

Itisobserved in TABLE 3that the linear model
and quadratic curve model have the best fitting degree
among variousregressi on models. Comparing thetwo
models, we can seeclearly that R Squareisboth 0.883
andthesg. valueof quadratic curveis0.01. Therefore,
the quadratic curve model ischosento construct the

TABLE 2: Averagewater demand of seven areas(unit: 100 million cu.m)

Y ear 2004 2005 2006 2007 2008 2009 2010 2011
North China 95.7 96.0 98.0 99.8 99.9 97.0 98.0 99.4
Northeast China 159.4 163.0 167.7 176.8 178.3 181.3 190.0 196.2
East China 214.5 237.8 237.8 247.7 253.2 259.0 261.0 262.8
Central China 250.5 255.7 259.9 271.2 264.1 2740 279.2 279.3
South China 260.7 267.3 272.0 2734 273.2 272.8 270.4 2716
Northwest China 107.6 109.4 1121 113.6 115.2 116.6 118.5 120.2
Southwest China 158.1 159.7 163.8 165.9 164.8 168.9 167.4 168.7
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TABLE 3: Moddl summary and par ameter estimates

Dependent Variable: Surface water

M odel Summary

Parameter Estimates

Equation -
R Square F dfl df2 Sig. Constant b1l b2

Linear .879 43.677 1 6 .001 31.971 .520

L ogarithmic .866 38.612 1 6 .001 31.930 1.797
Quadratic .883 18.884 2 5 .005 31.713 .676 -.017
Compound .878 43.225 1 6 .001 32.022 1.015

Power .874 41.625 1 6 .001 31.971 .053

Growth .878 43.225 1 6 .001 3.466 .015
Exponential .878 43.225 1 6 .001 32.022 .015

Logistic .878 43.225 1 6 .001 .031 .985
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Figurel: Relational graph between surfacewater and time
function

regresson equation:
x, = -0.017S? + 0.676S+31.713
X, = 62.3,%, = 0.007S’ +0.219S+ 0.232

Yi=X+X%+X
The equation of total water supply in North China
IS, y, = -0.01S* +0.895S + 94.25

Fitting thewater supply of eachregionwiththecurvilin-
ear regression, we can get thetotal water supply and
demand equation of these sevenregions:

y, = —0.01S’ + 0.895S + 94.25

y, = —0.367S? +3.3785+94.25

y, = 23.648In S+ 246.04

y, = —0.098S” +4.045In S+ 4.016S+ 245.871

é(s.sessfo.os)

Ys =€ +13.7
Ye =1.65+107.35
y, = 0.068S? +0.511S +160.346

@

z, =0.117S* + 4.122S+155.048
z, = 22.805In S+ 216.496
z, =—0.207S” + 6.077S+ 244.659

5.616—&51
S

;=¢€
z, = —0.0455° + 2.179S+105.50
z, =5.447InS+157.442

Intheaboveequations, V,, Y,, Ys, Ya» Y5 Y5, Y5
represent thetotal water supply of North China, North-
east, East China, Central China, South China, North-
west and Southwest, while

)

zZ. 2. 2, 7. Z. Z. Z, stand for the average
water use of these regionsrespectively.

Predict thetotal water supply and use of thesere-
gionsin 2025 by using equation (1) and (2).

Project design

Thegeographical location of theadminigtrativere-
gionsof ChinaisshowninFigure2.

Northwest, Southwest and Central Chinaislocated
inthehinterland, far avay from the ocean, sothefresh-
water sources can only come from the water move-
ment from other regionsapart fromitssurfacewater and
groundwatert?. Northeast, North, East and South China
arein coastal areaswith rich seawater resources. In
case of shortage of fresh water resources, it can not
only comefrom water movement, but also from sea
water desdination.

It can be seen from TABLE 4 that water shortage
iscommon in China. Thefresh water supply and de-

BioTechnologqy —

Hn Tudian Jounual



BTAIJ, 10(2) 2014

Yan Yan et al.

273

=, FyULL PAPER

TABLE 4: Predicted water supply and usein 2025 (unit: 100 million cu.m)

project North China South China Central China Northeast China Southwest China Northwest China East China
Water Supply 98 27415 278.165 302.36 174.28 131.66 286.99
Water Use 109.10 274.48 299.29 23741 205.00 142.55 319.14
D-value -111 -0.33 -21.125 64.95 -30.72 -10.89 -32.15
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Figure2: Regional distribution chart

mand in South Chinanearly reach the balance; North-
east Chinaisabundant in fresh water withwater supply
exceeding demand, which makes water storage pos-
sible; Northwest, Southwest, Central Chinaand other
inland areas arelack of water resourceand canrely on
water movement from other regionsto meet residents’
needs, East and North Chinaarelack of water, mainly
relying on seawater desalination and water movement
to satisfy theneeds.

ANANALYSISOFTHE IMPACT OFWATER
RESOURCESSTRATEGY

According to the water resources strategy intro-
duced above, we establish optimization planning of
water resources devel opment and utilization based on
fuzzy multiple objectivelinear programming, to move
forward to andyzetheimpactsof thisstrategy planning

on economy, environment and soci ety:

In economic terms: consi dering the net economic
benefit brought about by internal water and external
water, wetry to maximizethe benefits;

In environmental terms: based on the contents of
important pollution factors (chemica oxygen demand
and biochemica oxygendemand) indischargeintengty
of water waste, wetry to minimizethe pollutant dis-
charge;

Insocia terms: taking water resourcesreutilization
into accountant, we make gresat effortsto optimizewa
ter resourcesutilization.

To sum up, we come up with areasonabl e plan of
gpplication and dlocation of water resourcesto achieve
optimization among economy, environment and Soci-

ety.

EVALUATION OFWATER RESOURCES
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STRATEGY PLANNING

Based on the balance of supply and demand of
water resources, economica, socid and environmentd
factors, thewater resources strategy optimization plan-
ning described aboveis promoted. We are hoping to
offer useful advicetothegovernment officiads. Thepre-
diction of supply and demand of water resourcesin
2025 guaranteestheeffectsof thevalidity of thewater
resources strategy; the analysis of the present status of
China’s water resources ensures the feasibility of the
drategy; theprogram of minimum-cost maximum-flow
make surethelow cost of the strategy planning. Fur-
thermore, according to theresults of the planning, wa-
ter for agriculture and industry playsagreat rolein
China’s total water use, therefore we suggest that it
should be crucial to take effective measuresto save
resources, such as, adjustingindustria structure, reduc-
ing or diverting high-water-consumption agricultural
planting, resorting todrip-fed farming, transferring high-
energy-consumption and high-water-consumption en-
terprisesand turning to low-energy-consumption high-
technol ogy industry.

TABLE5: Application and allocation of water resour ces(unit:
100 million cu.m)

Project agriculture industry  Consumption
North 49.31723 267.1678 0.569225
Northeast 19.18004 86.07674 0.231019
East 38.25577 228.3265 0.557766
Central 16.80602 100.9944 0.496359
South 22.96942 143.7488 0.663818
Northwest 2.04668 35.25347 0.901354
Southwest 19.86317 118.8924 0.546101

To sum up, thewater resources strategy planning
can beapplied into and schemewater resources strat-
egiesindifferent periods. Besides, it can beput intothe
prediction and alocation of other resources, which pro-
videsareferencefor the sustainable devel opment of
variousresources.
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