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[NTRODUCTION

Multicriverien deciman making (MCDM) methods aee gainisg
impariance hecause of their inherens ahilicy co judge differens
alberniative scenarion for che selection of the best, wivich may he
furthes amalyzed in depth for its Gnal implemensatics. Many
MEDM eethods are esployed for different srudies in water
resources, such as, siver basin plasning and development™,
hydropower operatica’ and grousd waier planming problems.
Coanpared vothe carlier sudies, the possnt study incorporaces
w0 new comcepes: (&) chsner anadyss e meducs the size of the
pandominaced alcernatives w 3 mansgeable subsat (B) mvalving
iFigation management expert a5 3 decisian sakes [or the procas
of decision making. In the present scudy, e MCDM swthods,
compromise programmzing (CF) and multicsterian Qranalysis
MOOA) are employed for che irrigaion plannisg prohlom,
These methods® are discuszsd i breief bere aloagwith the
irmgation system under consideration. g
Cluster Analysis

Clusier analysis helps to reduce a large sumber of altemanives
ta & mamageable namber of groups, each cotaining relacively
hamogeneoms alternatives, pariscularly when the efficient
aligrmasives genersied from multsobgective opimization
(comstraint method) are large m sumber. In clustering,
alverrenives within a cluster are mare smilar to each other
than alvsraaaves of different dusiers. K-means clustering
algarnkm” is used o misamize the intra-chater sums of squares
af differences [errar] based an inil partitioss, to obeain final
parviticen. In this methid, necsnalized albernatives are grouped,
a1k, gach alvermative i assigned to cme of 1be fixed number
af groups K. The sum af the squared differences of each
eriberio from 08 digmed chater niean), w used ax the criterion
for the asagnment. Albernatives are transferred from one cluser
1o anciher, so that, intra-chister sum of sgoared differences
ferror) decreases. In a pass through the encire duts ses, if oo
wransfer conugs, the algorichen soga®, The tanal BJuirE Erroe
value for cluster group K, Ej. is given by

i
Eyp = E o {1
Komesss clustenng, with meore thas one value of K, is pesfarmed
and the value of K which besm fis the duna s used, Barn®
propessd  Farndic walue @ bench mark 19 sl optinmal
nunsher of glusters. This vales of F & measuee of the redustion
invaranee [rom & ba K+ 1 clusters and valwee af Fgreater than
10, jumifies a transicion from. & to K+1 clusters’. The Faarsnic
can be defined as

Fa[EJE, =1](N=K+1) [k
Campramise pragramaning (CF) defEnes the *bet’ solumics s
ke o, e point s at che beast Gotance froen an ideal pois
in the g of efficsent salutions. “The aim is 1o obtain a saludan

5§

that 5 e “elose” a5 pessible to some ideal® The dimasce
measure used in compromise prograsmisg & the I'md;d_t;
mariricd and is gven by

- (£ v T )

For p=1, all deviaions from £ are caken jnte ssount in
direct praportion 1o their magnivedes, For 2 p<sthe birges
deviation has the greawest influssos; whils for e o the larges:
deviation is the only cne takem into account (Min-max
erinerion).

Multicriterion QeAnalysis [MOOA]

Muhzrienan  ChAnalysis (MOQA) approach is based om
mualtidimensional graph theory”. Ia chis technique the
altermatives are compared simultaseously with the set of
criteria. MCDA falls under mixed coegory asd uses kol
value-type and outranking rype indioes. Comparmuas are made
buaged on the raskisgs desived frem toncordance and
discordance imdices. The MOQA method establiches &
prefersncs matriz derived fram a payodf matrix that represencs
thit deczisan maker's preference. The final raking is bassd on
the three indices 5o derived, namely, projent snsfamics index
{PSI); project concordance index (PO snd project discoedance
mdex ([FDI). PEL, PCL, PO for each ahernative 2 cam be
marmalized by the highest values (PS1_, BCL_, PDI_) than
can be expectnd o be taken by PSL PCL, PO and demoted as
PEL, PCL, sl POL,. The normaliced valwes are combined
threugh & [ metnie approach, The total priority of each
alsernative a is

L, (a) =[] v - PSI, (a)f +|1 - PCL{alf" +
|FOL, (a} [T L]




IRRIGATION SYSTEM FOR STUDY

The described methodolaisy i applied o the cse audy of 50
Ram Sagar Projecs (SESP), Andhra Pradesh, The locstica map
of SR5P w praentsd in Figure 1. The culmmble somemand
azea {OCA) of the projecs is 178 100 ha, The main crops grown
o the command area are PIEH'!.‘. maiee, rghum, grousdnur,
vegetables, pulses, chillies and sugarcane. Mathematical
modelling of the three conflicring objectives with the
carrespanding coastraings are brielly explained bere.

Met benefics (BEM] from the irrigated as well as unirrigated
area umaler diffesem crops is obtaimed by subaraciing the coms
wf surface waner, ground waner, fenlizer and labour from the
grows sevenue for different crops, Mazimizstion of ne benefis
can be expresed as

Max BEW = EE-'I---J"_ fk—l’.. gar.

_g i F.F"lJP_r'Pr g g L:. -"". |:5]

in which | = crop index (l=paddyis), 2=maize(s],
S=sorghumisl, 4=groundnuc(s), S=vegmables(s), b=

7 = paddy(sri), 8 = growndsu[srl), 8 = paddyfw],
Io=groandaur(w], 1l=pulsesiw), 12=maize(w],
13=sorghumiw}, 14é=vegerablesiwh, 15=chillieiw],
1= sugercaneiss]]; =menth mdex (1= January, 2=Febmary,
I=March, 4=April, 5=May, h=]Jusg, 7=July, E=Aungua,
9=Sepieenbir, 10=Coober, 11=November, 12=December];
J=fenilizer index {1 = nitragen, 2= phaspharaus, 3=potashl;
Crop production (PRM) al crops is maximized for meeting the
demands and can be expresed as

Max PRA = & ¥, 4, I8}

Tenal lsbour employed (LAM) under all the crops for the
while year i meimized eo incremse the level of ther ecanamic
stangs and cam be empresed a

uum-:_flz:f._d, @

The other constrairss incarporssed in the model includes
eantinsiry equation, crop lasd requirementy, warer requirements
of crops, grousd wacer withdrrral, cmnal capacity secreions,
minismam and maxisvem reservoir sionage, crap Eveificion
romsideraibany, hbour snd femilizer availabilny., These are so
presened due 1o spacs limsnaics. Cost coefficients, crop yied
iz ccher ingron r4 are abaned froe SRSP reponis, Is
the plassing model, stochatic nature of inflows $0% infow
bevel] s compadeed through chance consiramed pragrasaming™.
RESULTS AND DISCLSSION

Fnidividmal Optimieatios
Opeimization of sach individual chjective (e bemefies, libour
emplayment and crop preducnian) is performed wwh a lmear

muﬂuinl{m#ulihm1hlﬁwd1tuppﬂmﬂ-lnwﬂ
bouseds for the esuliiobjective analyss®, Resuli ars peesemed
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in Table 1. Maximmm (£} and misimues values {2 ) that can
be cbnsined by eack objective are demoted wah symshal [+)
and |-}, respectivaly. The reason for mose acreage of paddyis),
groundnusise) and grousdnuifw) is ke coe of ne benefis
maximization i due 1 the lasge ner retums per anit area, In
crop produetion saximizarion cass, maize and sanghsm (hoth
in sumaner and winter) have lage acreage compared 1o those
in the remaining planning obpestives Becuse of their higher
yield per unit anca. In the ierigacian plasning model, there i
n significant change an acreage of groundnu, vegerables, pulsc
in sumnmer season, paddy, palees, vegetables in wanter seasoa
anil ssgascane for all the three planning objectives. brrigation
intensity in net benefiis, labour employment wnd crop
production maximizatics cises are 101.96%, 151.34% and
142.13%, reipeciively. Cropping inensity is 154,33%, 197.92%
and 17387%. It is obmerved [ros this asalysis cha the chree

Table | Crop plasa from the plasning meddl
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Takle 1 Fropesad pliciss for 5ri Ram Sagar Praject

chowen levels of susfaction & would be demanded in the
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i planning chjectives coaflict wich one anocher. There is a nesd
| va devebap a tradenll relationshsy va seles 1be comproenise
u'ﬂppmlphnindlh:mreqp-u.nd.qmﬂm policies
in the multichgective irrigatian plisning context to meet ke

Eis]

e #ﬂqtpnmﬂﬂpﬁuﬂu{hrmmmlmll
are abtained through a survey conducted o asess the priariny
ol each eriteria (ohjecrive). Minery rwo farmers and 1E edficials
are invalved im the process. Geomeinc mean approach of
Ansdyic Hierarchy Proces is used mo aggregae the views of
farmers and cfficials {resulix are not presested due to space
lLl:d'm] It is observed thar nev benefit are given higher
impartancs (550 3%), followed by crap production (31,24%;)
and labour employment [12.63%).

Muxisizanicn of mer benstis i s=leoed a5 che main obgecrive
in the consraint method of multichjective optimization
fergmularion, barsee of the Bigher inspamance steribuned eo ic.
In this meihesd, the ciher tra objectmves crop productsan and
labsvur esssployment wre placed as conszraines in the constraine
sol. The nandesninated st of albérnativis are generabed by
pazametrically varying the bownds of the consmraine [orop
produciion asd labour employees) chiaised from the
individmal copaimal solations, The number of nondomimaied
drernacives are reduced ie & chasen few, bused ca consalarions
between the analys [first author) and the decmion maker.
Thiny seven policies labelled PO1 1o PAT are by
comsultations and showmn in Table L i is observed with
imcrease of laboar Hﬂplag,rmgnu gnd decreaie af Erop
production, the ret benefits gradually incressed 1o a maximum
lewed feoeveiponding vo policy F26] and then decneased,
Cluster Analysiz

Thimy seven policies (POl wo FA) are normalized by the
diffriact hitwess msinusm and missmum value of each
criterion. Selecton of initial panitions is performed by Ward's
mithad of higrarchical clustering', Several rany are macy by
Kﬂm#ﬂn:hfmuhmnmﬂhmﬁmmmhﬂ
in the hiudﬂ_nmm until no decreass in squant arror value
is observed . Figare 2 presesas the square

mﬂnﬂmdmnﬂp&nﬁzﬁmmhrﬂm I.wnhmt:l
ikt the values of square error and Fstamtic are decreasing
withs increase in number af clusiers. The apuamus numbser of
cluster groups is taken as six corresponding vo Fstaisme value
af ten® and thes the representnsve policy for each duster is

T}

-
ey
— Pt T

L

=

Figure I Squared exrar and Fetatistic wabees dor dilferean cluiiers

TE) Josermal £



Tabike 3 ﬂmﬁ&ﬂ LEriiE Erleein l:'lﬂ',]_!ulh'i: valus and ranking pattern by compromise pregrameming

Pedicy Mt benefits, Crop productien, Labaur empleyman, L, wetsic value for
wallban R o1 millian mas-de =l FECE] p=® Rank
a1 RELT ] onvIN W15 ol =L 7] [HEL E
Gl 13808 Lms 130 (iR} BT 354 §
G 147530 LR 8 A 0L [ ] i 1
LEl 13430 [PEE LR A3 ik A8 i Ee ) 1
G4 135840 Dugkd T LLLeL ] ] a:1FF L15s i
e M DARER 1550 HEL [ 036 4
Tabde & Mﬁn&ﬂmd-ﬁhﬁh@aﬂ;ﬁ.k-&unﬁnﬂru&thquhkﬂnrhnqwhﬂ
Falicy Bt Crop Lahaur L, meiri value Josr |
benelins percedii i gm emipleyment pP=1 FEE] p== bk
Gl Lr A 11 ml L1313 1558 L]
G LE ] oy L 1A% 1080 [ Jsis 4
Gl ai &K F4 1524 L1251 123 L]
Gl il (%] LK =l 056 LRI L
as il pL ] 54 1214 0rer DAX 1
GE LY ] o Bk 1| K== ] FREL) ]

determimed. For chis purpose the square error vabess beswesn
group mean and 1be weighted normalized proposed palicy
values for each crmerion in cha group are caloalaced, The
susnmation of thes square error values for all cveria gives
thee moeal square ervor walue corresponding vo each propsomed
palicy &n that group, The policy that gives the mininum total
square error walue & choses as the represestive policy for
that group, The policies P04, P11, P17, P23, P29, PM of Table 2
are found vo be the representaive anes of the six dhaier proups
(Results are mot presemied due 1o space limaiazon). The abowe
groups are denoted s G1, G2, G, G4, GS and Gh. Alersanive
policies veraws cricenia array [payol] maenx) is presented in
Tahle 3,

FINAL RANKINGS

nperactive compuaier pragrams of MCOQA and CP oare

The programs hawe the capabilicy o graphically
display the rankisg, paers in the Barm of bar chan, bn CF the
minimem and maximum values for each criteria for the 37
mﬂdpﬂmﬂuhn[mT&iml*mwjm
[with respect to ) are computed using equation [3). The
aliernasive baving misamum £, wetric value i akes a5 the
best compramise selution. 'i'hmr COMPromise sers are
calodated for p =1, Z and =, Table 3 presens L metric
s MCOA, Fnﬂ.ﬁ' matriz is trasformed into 4 preference
manrix bussd on a scale of 110 7, 1 represeniing the worst and
7 representing the best. The payalfl matriz value are linearly
interpolated to obtain the value of the preference nonsix and
presested in Table 4. The F51, PCT and PO are caleulated for
combined (optisuem} thresheld walues of the preference
m.uri.u“.'['.lhl.:e:-l-wuenul’mit vabses and ranking pantern

Vil &2, June 2004

obained for thave chilferent valoes of p= 1.2 and & for combined
(eptimum) threshold valoes as per equation (4. All the chees
iy pe 1,2 and wgave the same rank for each alternative.
Ahernatives G4, GF and G3 cocupssd the G, secand and
third postions, respectively. Similar ranking parters i ohserved
both for CF and MCQA. There is a slighs difference baween
the rankes of the enher altermatives between the two methods.
Extensive sensitivity analysis imdicstnd thar alernative policy
34 refermmg 1o policy P23 of Table 2 is the meom suitable ooe
for Tusther investigation and implemenzation. Iv is cbserved
frean Table | shar the best compramise salution vields net
benefins af 158 millien Rs, 074 M of crop production and
ﬂ]]mjlﬁunmnr&n}':.]ndubmphnmtmpw;m 1
given to sorghum(s), paddyisell, groundnuciszl) and
gromnidnwied by the model. Imgation incensity has resched
1264%. Mes bensiins, erep praducisan s labour employment
per hectare on average for che culturable comsnand srea [EA)
are Ra B07.9, 4.16 ¢t and 236 man-days, respecrively. Wich the
presemt inflow semana, groundnui has emerged as the bes
suitahle crop bonh for ssmmer end winger seasans with paddy
as the secomd best,

CORCLUSIONS

Twa interactive MCDM methods CF amd MOQA are
implemented and applisd 1 the cass Audy of S0 Ram Sagar
Progecy, Andhra Pradesh, ledie, for the selecison of bew
irrigasan planning sirategy. Best compromise salution yields
met benefits of 1582 nxillion R, 074 My of erop production and
40,33 million man-days. In the best plan, more impornance is
givem e the crops sarghum (semmer), paddy{summer-rainfed),
growndnue(sumsmer-rainfad) and growndnut (winger) by the
model. Men benefins, crop productios and labour employmens

i



per hemare an average for the culturable command area (CCA)
are Bs BA07.90, 4.16 t and 126 man-days, respectively with
arigaian of 1264%. The ranking pattern & quite
robust im both she methods 1o small paramecer changes.
Campariuon of the resshs indicate that the methodologes are
quite versatile and cam be wed in smilar sinnions.
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