ISSN : 0974 - 7435 Volume 10 | ssue 2

LioSechn o/oyy

A Indian Yournal

—====> FyLL PAPER

BTAIJ, 10(2), 2014 [253-258]

Network flow mode of China’s water resources

Yan Yan*, Yingna Zhao, Aimin Yang, Qingpeng Ding, L ongge Yan
Hebei United Univer sity, Tangshan, Hebei, (CHINA)
E-mail: yanjxky@126.com

ABSTRACT

Construct amulti-source and multi-terminal network flow model and work
out the minimum cost maximum flow from the source to the sink point so as
to put forward an effective, feasible, low-cost water resource strategic
optimization model. Finally, thelowest total cost of water resource supply

= 4806.918(100millionRMB) and the

is calculated as M

min
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minimum cost maximum flow isshown. (unit: 100 million cu.m)
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INTRODUCTION

Freshwater isalimiting factor influencing thede-
velopment of most regionsintheworld. Taking China’s
vast land and uneven water resource distribution into
account, wewill divideit into sevenregionsof North
China, Northeast China, East China, Central China,
Southwest China, Northwest Chinaand South China
and then construct awater resource strategic optimiza
tion model. Taking China’s vast land and diverse land-

formand dimateinto account, wewill divideit intoseven
parts of North China, Northeast China, East China,
Centra China, Southern China, Southwest and North-
west Chinato discuss about thedistribution of fresh
water resources.

In order to minimizethe cost of water resources
utilization, wefurther optimize the water strategy in
Mode Oneand put forward astrategic model of water
resourcesalocation. Consdering theeconomic, socid,
environmental and other factors, based on Model Two,

TABLE 1: Definition and explanation of symbols

y. 2(=123.7)
x(j=123)
S Y ear
p
q
M water supply cost
(=123

Water supply and demand of different regions

Factors influencing water supply and demand

per kilometer freight per cubic meter of water
Seawater desalination cost per cubic meter

Water supply direction (1=industry; 2=agriculture; 3=life)
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construct awater resource application strategy with
maximum benefits minimumenvironmentd pollutionand
being ableto satisfy peopl€e’s needs. Then, give feasible
suggestions based on the strategic plan. Finaly, based
on the established moddl, we provide anon-technical
planfor thegovernment, introducing themethod, feas -
bility, and cost of themoded. Make adetailed introduc-
tion of the Srategy advantages.

Assume soci ety, economy, policy and culture can
maintain stabledeved opment. Glacier mdtingdueto glo-
bal warmingisnot takeninto account. Thereisnowar
and naturd disasters. Annud water consumption of resi-
dentsin oneareaisthesame. Theunit cost of seawater
desdlination in different regionsisthesame. Theunit
cost of fresh water transfer in different regionsisthe
same,

OPTIMIZED WATER RESOURCE STRATE-
GICMODEL CONSTRUCTION

M ulti-sour ceand multi-ter minal networ k flow con-
gruction

Taking themajor reservoir of different regionsas
the study object, utilize satelliteimagery to obtain the
distancesof mgor reservoirsshownin TABLE 2.

Therearethree aspectsto consider indesigningan
optimized water resource strategic plan:

(1) Takethe northeast region asthe source and the six
regions of East, Central, Southwest, Northwest,
North and South Chinaasthesink point. Thewa-
ter istransferred from northeast to other six re-
gions. Then, work out Sx minimum cost maximum
flowt;

(2) Thecoastal areas of East, North and South China
can make use of seawater desalinationto provide
sdf-aufficient freshwater. Therefore, takethethree
regionsasthesourceand therest threeregions (ex-
cluding Northeast) asthe sink point so asto formu-
late the minimum cost maximum flow of eech area
(with 15 minimum cost maximum flow intotd);

(3) Splicedl theaboveminimum cost maximumflow to
form an optimal water resource strategic plan.
Based on the above result, we construct multi-
sourceand multi-terminal network flow mode by
mainly cons dering water resource movement and
seawater desalination, and work out the minimum
cost maximum flow from sourceto sink.

Takethe sevenregionsof North, Northeast, East,

Centra, Northwest, Southwest and South Chinaasthe

corner of the figure(represented by the number of

TABLE 2: Distancesof major reservoirsin different regions(km)

Region North Northeast East Central South Northwest Southwest
North 0 689.7 1037.6 1166.5 2148.2 751.6 1854.1
Northeast 689.7 0 1656.4 1749 2834 1422 2518
East 1037.6 1656.4 0 408 1239 1517 1514
Central 1166.5 1749 408 0 1013.5 1458.8 1151.6
South 2148.2 2834 1239 1013.5 0 2376 1985
Northwest 751.6 1422 1517 1458.9 2376 0 1431
Southwest 1854.1 2518 1151.6 1102 1985 1431 0

(1,2...7) , consider the transit among these regions as
the sideboundary, and set the maximum traffic capac-
ity of trangit (unit: ton) asweight. Then, construct the
multi-source and multi-sink network flow chart of dif-
ferentregions(Figurel):

Formulate an optimal water resourcestrategic plan,
namely, work out themaximum flow f and thetotal
trangport cost of the maximum flow isasfollows:

If(f)min :Z f(U,V,W).

Arithmeticprinciple

The process of seeking the maximum flow starts
fromafeasibleflow f , andfind out the augmentation
road p.Adjust f dongtheroad p; findingtheaugmen-
tation path for new feasibleflow; the processisrepesated

al thetimeuntil thereisno augmenting path.
Whenitisrequired to find theminimum cost maxi-

mum flow, wefirst need to consider adjusting f with
the improving quantity o =1aong the augmenting
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Figurel: Network flow of (;:i‘}erent regions

path ptowards f ; asfor thenew feasibleflow ', ob-

viously f = f'+1, than how much quantity has been

added fromr(f)tor(f") Itisnot difficult to seethat:

r(f’)fr(f):[;r(e)'(f’(e)ff(e))f;r(e)’(f’(erf(E))]

=>.r(©->r(@

Take%: r(e)- ; "(®) asthe cogt of thisaugmenta-

tionroad p.

Arithmeticprocedure
Based on the above analysi sjthe minimum cost

maximum flow can be ca culated inthefollowing way:

O Tekef,={0};

@ Generally speaking, if we get minimum cost
flow f (k-12) inthestepof k -1, then construct the
adjoint network w(f (k-1));

® seektheshortest pathfrom v, to v, in W(f (k-1)).

If thereisno shortest path(namely weight of the
shortest pathis 1+« ), then choose ®; if the short-
est path exists, then choose @;

@ intheoriginal network G, we can get correspond-
ing augmentation path p, wherewe can make ad-

justment about f (k-1):

a=mi n{ ngiJrn(Cuv - fuv(k _1))! ng[n fuv(k _1)}

f,(k-D+a
fuv(k) = fuv(k_l) -
fuv(k_l)

(u,v) e p+
(uv)ep-
(uv)ep
Thenew feasbleflow after adjustment is f (k) ; then
choose @;
® f(k-1)istheminimum cost maximum flow, then

theexecutionisfinished.
Rithmetic solution

Thefollowing Figure 2 howsthearithmetic solution
of the minimum cost maximum flow illustrated in ca-
pacity network demonstration.

Arithmetic process
@ Figure2(a): start from zeroflow f(0) ={0} toim-
proveminimum cost maximumflow f ;

@ Figure 2(b): construct adjoint network
W( f (0)) based on the above method, calcul atethe

shortest path from the source point v, tothesink

point Vv, , and use bold line to indicate the side
boundary of the shortest path, whichistaken asthe
augmentation routewhenthecost of f(0) ismini-
mum,

® Hgure2(c): dongtheaugmentationroutewithmini-
mum cost obtainedjwe can get improvable quan-

tity o = 20, improve f (0) ,andabtain f (1) ;

@ Fgure2(d) constructsadjoint network w( f (2)) and
cd culatetheshortest path from the source point v,
tothesink point v, . Thisshortest routeistaken as
theaugmentationroad withtheleast cost for f (1) and
theimprovablequantity =10, improve f (1), and
thenget 1 (2);

® Figure2(e) constructsadjoint network W(f (2)),
cd culatetheshortest path from the source point v,
tothesink point v, . Thisshortest routeistaken as
theaugmentation road with theleast cost for f(2)
and theimprovablequantity o = 31, improve f (2),
andthenget f (3);

® Fgure2(f) congructsadjoint network w(f (3)), cd-
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Figure2: Arithmetic demonstration of minimum cost maximum flow
culatethe shortest path from the source point v, to theimprovable quantity « = 3, improve f (3),and
thesink point v, . Thisshortest routeistaken asthe thenget f (4) =31, thecostis:
augmentationroad withtheleast costfor £(3) and > f (u,v) xr (u,v) =683.64(100millionRMB}) .
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Water resour cestrategy construction

If taking northeast asthe source and southwest as
the sink point, we can get a maximum flow
of 31(100millioncu.m) . Other maximum flow can be
worked out inthesameway. See TABLE 3.

The total cost of water resource supply
ISM _,, = 4806.918(100millionRMB)

In addition, the water resources storage can in-
creasetheflow of surfacewater, improveregiona cli-
meate and environment, aswell asprovideanew habitat

TABLE 3: Minimum cost maximum flow list (100million cu.m)

Sink source point North South Central Northeast Southwest Northwest East
northeast 23 20 0 0 0 0 20
South 12 0 9 11 21 21 1
East 31 0 0 1 20 12
North 0 0 11 0 22 31 21

Thetotal cost of water resource supply isy M, = 4806.918(100millionRMB)

and water source. It isaso beneficial toincreaseand
maintaintheregional speciesdiversity and ecosystem
stability. Inthemeanwhile, it canincreasethe connec-
tivity and mobility of water a ong theway and enhance
the salf-purification capacity of water environment.

MODEL ANALYSISAND PROMOTION

Based on the balance of supply and demand of
water resources, economica, socid and environmentd
factors, thewater resources strategy optimization model
aims at optimizing the comprehensive benefits of
economy, resources and environment of thewhole so-
ciety. The prediction of supply and demand of water
resourcesin 2025 guaranteesthe effectsof thevalidity
of the water resources strategy; the analysis of the
present status of China’s water resources ensures the
feasibility of the strategy; the program of minimum-cost
maximum-flow make surethelow cost of the strategy
planning. Furthermore, according to theresultsof the
model, water for agriculture and industry playsagreat
rolein China’s total water use, therefore it is crucial to
take effective measures to save resources, such as,
adjustingindugtrid structure, reducing or diverting high-
water-consumption agricultural planting, resorting to
drip-fed farming, transferring high-energy-consumption
and high-water-consumption enterprisesand turning to
low-energy-consumption high-technol ogy industry.

Themode can be appliedinto and schemewater
resources strategiesin different periods. Besides, it can
be put into the prediction and allocation of other re-

sources, which providesareferencefor the sustainable
development of variousresources.
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