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ABSTRACT

The seledion d the best irrigation system is examined in the multiobedive context for a cae
study of Sri Ram Sagar Project, Andhra Pradesh, India. Eight performance aiteria, on farm
development works, environmental impad, supdy of inpus, conjunctive use of water resources,
productivity, farmers participation, econamic impact and socia impact are evaluated for
thirteen irrigation systems (D1,D2,..... D13). Analytic Hierarchy Process (AHP) is employed to
overcome the difficulties arising from the complexity, subjedivity and ladk of group consensus
in the evaluation d an irrigation system. Kendall rank correlation test is employed to assss the
correlation between the different groups of ranking pattern. Group consensus is achieved through
Geometric ranking rule (multiplicaive ranking). It isobserved that irrigation systems D8 and D11
occupied first and seaond paiti ons respectively. Studies reveaed that AHP is quite acessble and
condctive to group consensus building. Comparison d the results indicaed that the methoddogy
is quite versatile and can be used in any field of engineeing and management with suitable
modificaions.
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INTRODUCTION

Multicriterion Dedasion Making (MCDM) methods are gaining importance because of ther
inherent abili ty to judge different alternative scenarios for possble seledion of the best which may
be further analyzed in depth for its final implementation. Development of water resources for
projeds such as irrigation hes played an important role in the improvement of socio-economic
condtions in developing courtries. However, in recent years, there has been a growing
disappantment in the levels of productivity, benefits and sustainabili ty of many irrigation schemes.
In addition, for the foreseeable future, shrinking budgets for development, operation and
management of schemes necesstate improvements in projed performance in place of new
developments. To caer the situation, performance of irrigation systems (distributories) can be
evaluated and strategies can be developed to choose the best one, which in turn can be used for
formulating guideli nes to improve the performance and efficiency of other existing ones.

In the present study, concept of MCDM is demonstrated with the cae study of Sri Ram Sagar
Projed, Andhra Pradesh, India to find the best performing irrigation system. Analytic Hierarchy
Process (AHP, Utility type of MCDM method) is employed to overcome the difficulties arising



from the complexity, subjedivity and lack of group consensus in the evaluation d an irrigation
system. Methoddogy of AHP is briefly discussed below.

ANALYTIC HIERARCHY PROCESS

Anaytic Hierarchy Processis an MCDM tednique based on piority theory. It deds with
complex problems which invave the consideration d multiple aiteria simultaneously. Its abili ty
(1) to incorporate data and judgements of experts into the model in a logicd way, (2) to
provide a scale for measuring intangibles and method d establishing priorities, (3) to deal with
interdependence of elements in a system, (4) to allow revisionin ashort time, (5) to monitor the
consistency inthe dedsion maker 's judgements, (6) to accommodate group judgements if
groups can nd read a natural consensus, makes this method a valuable contribution to the field
of MCDM (Sady & Ghodamnezhad 1982). It is capable of a) bre&king down a @mmplex,
unstructured situation into its comporent parts, b) arranging these parts or variables into a
hierarchic order, ¢) asdgning numericd values 1 to 9 to subjedive judgements on the relative
importance of ead variable and d synthesizing the judgements to determine the overall priorities
of the variables. Eigen vedor approach is used to compute the priorities of the dementsin
eah parwise @mparison matrix. Eigen vector correspondng to maximum eigen value
(A max) is then weighted with the weight of higher level element which isused as the criterionin
making the pairwise comparisons that constitute the matrix in consideration. The procedure is
repeaed by moving downward aong the hierarchy, computing the weights of each element at
every level, and wsing these to determine cmpasite weights for the succeeding levels. Since
small changes in elements of pairwise comparison matrix imply a small change in A ., the
deviation d the latter from metrix size N is a deviation d consistency. This is represented by
(A max- N) / (N-1) andtermed as Consistency Index (Cl). When the mnsistency has been
cdculated, the result is compared to those of the same index of a randamly generated reaprocd
matrix from the scde1to 9,with redprocdsforced. Thisindex istermed as Randam Index (RI).
Theratio of Cl to average RI for the same order matrix is cadled the Consistency Ratio (CR). A CR
of 0.1 a lessis considered acceptable. The redproca property is preserved in these matrices to
improve consistency. If consistency ratio is sgnificantly small the estimates are accepted.
Otherwise, an attempt ismade to improve mnsistency by obtaining additiona information.

RESULTSAND DISCUSSION

The dove methoddogy is applied to the case study of thirteen irrigation systems of Sri Ram
Sagar Projed, Andhra Pradesh, India.  Eight different performance criteria, on farm
development works, environmental impad, supdy of inpus, conjunctive use of water resources,
productivity, farmers participation, ecmnamic impact, and socia impact are evauated for
seleding the best irrigation system. These ae denoted as OFD, EIM, SOI, CWU, PRO, FAP,
ECI, and SCI respectively. All the aiteria ae aumed to be qualitative due to ladk of predse
quantitative information. A three stage procedure is employed to seled the best irrigation
system. In thefirst stage weightage of the performance criteria is obtained. In the second stage,
group dedsion making concept isincorporated. In the third stage, globa priority of eacd
irrigation system is obtained.

Stage 1 : weightage of performance criteria (level 2tolevel 1)

Irrigation management expert is chasen for the dedsion making processbecause of his extensive
knowledge aou theirrigation systems. Fig. 1 presents listing of the atributes and structure of the
hierarchy. Level 1 corresponds to the objedive of the goodirrigation system, level 2 corresponds
to the performance citeria and level 3 correspondsto the dternatives (irrigation systems). Total



347 individuals (329 farmers and 18 authorities) belonging to thirteen irrigation systems are
interviewed. These irrigation systems are termed as D1, D2, D3, D4 ...and D13 for academic
purpose. Analytic Hierarchy Process is employed to olain the weightage of each
performance criteria Both farmers and authorities are introduced to Saay's 1-9 ratio scde with
examples and requested to expresstheir preferences for each of the aght performance aiteria d
the secondlevel with resped to the overall goal of seleding good irrigation system (level 1). This
requires 28 pairwise mmparisons on Saay's <de. This is based onthe size of the pairwise
comparison matrix N x N i.e.,, N(N-1)/2 where N=8. Among 64 elements/resporses (8 x 8
matrix), eight diagonal elements are of value 1. Among the other avail able 56 elements, the value
of the 28 elements are simply reaprocd of other 28 based onreciprocal theorem (Saay 199). In
the questionraire, questions are aked abou only 28 elements of upper trianguar matrix
correspondng to pairwise comparison matrix. Eigen vedor approach is employed to find the
weightage of the aiteria, consistency index and the @nsistency ratio correspondng to maximum
eigen value (Saaty & Ghodamnezhad 1983. Users can modify their views in pairwise comparison
matrix urtil judgements (consistency ratio) are satisfadory. Pairwise comparison matrices
correspondng to all the 347individuals are recorded and weightage of the performance aiteriais
obtained by the @owve procedure. It is observed that (results are not presented due to space
limitation) judgements are satisfadory i.e., consistency ratio isless than a approximately
equal to 0.1. Econamic impad is given first position by 76 5% farmersin irrigation system D1,
40.0% farmers in D3, 57.P6 farmersin D4, 72.46 farmersin D5, 889% farmersin D6. In these
irrigation systems individuals felt the need o socia upliftment and more agricultural
productivity. In the remaining irrigation systems econamic impact is given first position by all
responcents. Second paition is occupied either by social impad or productivity.

Stage 2 : group decision making

It became difficult to arrive & a group consensus on the priority of the performance criteria
obtained from stage 1 of the analysis. This is due toladk of interaction between farmers (since
most of the interviews are held separately) and individuals inability to arrive & a natural
consensus even among the available ones. To owercome this drawback, a pairwise comparison
matrix of eadr individua (irrigation system wise) is aggregated to arrive & a group pairwise
(irrigation system wise) comparison matrix by geometric mean approac. Irrigation system wise
aggregation is chosen due to the computational difficulties in aggregating all the 347 individua
pairwise mmparison matrices at a time. Table 1 presents the irrigation system wise weightages
of the performance aiteria and consistency ratio with resped to the overall goal of seleding
good irrigation system. It is observed that econamic impad, socia impad and productivity
occupied first, second and third pasitions respectively. Consistency ratio varies from 0.01109to
0.05365indicaing the satisfadum of judgements. Later, these 14 sets of weightages (13 irrigation
systems and ae authority related) are geometricdly aggregated (Saaty 1992 to oltain the
average weightage of performance citeria correspondng to al 347 individuals and presented in
Table 1. The priorities of the aiteria in the decreasing order are eonamic impact (0.309,
socia impad (0.223, productivity (0.148), environmental impact (0.081), conjunctive use of
water resources (0.062, on farm development works (0.061), farmers participation (0.057) and
suppdy of inpus (0.052. These weightages are used for calculating the global priorities of
irrigation systems which are discussed in the next sedion. However, 14 sets of weightages are
subsequently used for the sensitivity analysis gudies. Notations in Table 1 are & follows. Rows
D1 to D13 represent irrigation systems, row 14 represents priorities of authorities, row 15
represents geometrical average of 347 individuals, NP represents number of individuals and
CONRA represents Consistency ratio.



Stage 3: priority of irrigation systems (level 3 tolevel 2)

Preferences of thirteen irrigation systems at the third level with respect to each performance
criteria & the second level require 78 pairwise comparisons. It is observed that (results are not
presented due to space limitation) irrigation systems D1, D2, D3 and D4 are given 2 times
importance & compared to D5 for onfarm development works. In case of environmental impact ,
D5 is given 2 times importance & compared to D1, D2, D3 and D4. Smilarly, pairwise
comparisons of D8 with aher irrigation systems are dso differed bdh for environmental impad
and on farm development works. Similar pairwise comparisons are observed when comparing
D10, D11 and D13 with ather irrigation systems. For supdy of inpus, irrigation systems D1, D2
andD3 aregiven 1, 2 and 2 timesimportance & compared to D6 and 2, 3, 3times in case
of conjunctive use of water resources. Similarly D8 is given 3timesimportance & compared to
D1 for supdy of inpus, 4times for conjunctive use of water resources. In case of productivity ,
D1 and D2 are given 3timesimportance a compared to D5. In case of farmers participation, D5
isgiven 3times importance & compared to D1 and D2. Similarly D8 is given 3 times importance
as compared to D1 for produwctivity andit is 7 times in case of farmers participation. For
eoonamic impad, D8 isgiven 9, 4, 9, 9,4,65 times importance & compared to D1 to D7. In case
of socia impad, these ae3, 4, 2, 4, 4, 4, ndicding that econamic impad is very high in case
of D8 when compared to D1, D3 and D4. Farmers participation aciieved ahigh consistency ratio
of 0.1002whichis dightly beyondthe normal value of 0.1. For on farm development works,
environmental impad , supdy of inpusand social impad these values arein the range of 0.0922
to 0.0953.In case of econamic impact criterion, consistency ratio is less(0.0726§ compared to all
other criteria. Above pairwise mmparisons are based on the available data with expert and hs
abili ty to correlate the red (irrigation system) situation. Table 2 shows the global priorities and the
ranking of eadh irrigation system. The summation d the produwcts of the local priorities of
irrigation systems by the higher level average locd priorities of performance aiteria
(corresponcs to geometric mean) yields the global priority of each irrigation system. It is
observed that irrigation systems D8 and D11 accupied first and second pgitions respedively with
a priority value 0.2352 and 0.1706respectively. Least positions are occupied by irrigation
systems D12,D13with priority values of 0.0414and 0.0388espectively.

Sensitivity analysis is performed in three phases to assess the robustnessin ranking pattern. In
phase 1 o the analysis, fourteen sets of locd priorities of performance criteria (13 irrigation
systems and one authority related; Table 1) are used. Ranking pattern is same as those obtained
from the geometric mean approach (Table 2). In the second plase, value of each weight of the
criteriais increased and then decreased as much as possble withou changing the order of the
criteria. Social impad is the second largest criterion occupying a weightage of 0.223.The
adjacent values are 0.309 (econamic impad) and 0.148(productivity). Therefore two sensitivity
runs are performed for this criterion to investigate the influence of values upto 0.308and 0.149 on
the ranking respedively. This represents the range that maintains the same order. Similar analysis
isaso dore for other criteria. Table 3 shows the ranges of weightages of criteria enployed.
Total 14 combinations of weightage are evaluated. It is observed that al the 14 combinations
have fallen into four groups (S1 to $4) of ranking pattern as sown in Table 4. In phase 3
study is made with equal weightage of the criteria and correspondng ranking pattern (S5) is also
presented in Table 4. Sensitivity analysis gudiesindicaed that the rankings of theirrigation
systems remained esentially the same & far as the first, second and third pcsitions are
concerned.



Table 1 Priority of performance criteria
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.054
.065
.057
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.065
.074
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.063
.061
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.058
.053
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155
174
.148
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117
136
122
133
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145
.148
.163
.198
.148

.069
.058
.066
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.061
.053
.056
.053
.048
.050
.052
.057
.055
.059
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.285
.318
.250
.282
310
.364
.350
371
.346
.354
.328
.303
.288
222
.309
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.228
232
244
228
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.205
.203
215
.206
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222
219
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223

.01323
.01635
.01296
.01109
.02503
.02387
.02334
.03258
.03587
.03781
.04405
.04840
.05365
.02930

Table2 Global priorities of irrigation systems
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0.042
0.078
0.041
0.083
0.060
0.050
0.213
0.045
0.046
0.201
0.044
0.041

0.064
0.066
0.063
0.043
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0.045
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0.041
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0.045
0.075
0.051
0.044
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0.046
0.046
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0.050
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0.050
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0.043
0.042
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Table 3 Weightage of criteria andits ranges

CriteriaWeightage  Minimum Maximum

ECI  0.309
SClI 0.223
PRO 0.148
EIM 0.081
CWU 0.062
OFD 0.061
FAP 0.057
SOl 0.052

0309 -
0.149 0.308
0.082 0.222
0.063 0.147
0.061 0.080
0.058 0.061
0.053 0.060

Table4 Ranking of irrigation systems

Dist S1 S2 S3 A S5
D1 3 3 3 3 3
D2 7 7 7 7 6
D3 5 5 4 4 4
D4 10 11 10 11 12
D5 6 6 6 6 5
D6 9 9 9 9 8
D7 4 4 5 5 7
D8 1 1 1 1 1
D9 8 8 8 8 9
D10 11 10 11 10 11
D11 2 2 2 2 2
D12 12 12 12 12 10
D13 13 13 13 13 13
Table5 Kendall rank correlation coefficient values
S1 2 S3 A S5
S1 1.0000 0.9744 0.9744 0.9487 0.8205
S2 1.0000 0.9487 0.9744 0.8462
S3 1.0000 0.9744 0.8462
A 1.0000 0.8718
S5 1.0000




Kendall rank correlation coefficient is used to determine the correlation between ranks obtained by
sengitivity analysis senarios. In this method, the first step is to arrange the (X,Y) pairs  that X
values (ranks) appea in increasing order of magnitude. In this arrangement, if U is the number of
pairsof Y values (ranks) that appear in natural order then Kendall rank correlation coefficient (T) is
defined as [(4U/D)-1], where D=n(n-1) and n=number of alternatives. The value of Kendall rank
correlation coefficient is aways between —1to +1. If T=1then it is perfect agreement and T=-1 it
is perfed disagreanent. In the present study Kendall rank correlation coefficient is computed to
asessthe degreeof correlation between five groups S1 to S5 (four from phase 2 and ore from
phase 3) of ranking pattern. In the five groups, each group is correlated to the other four
groups resulting in 20 such combinations. Since correlation between any two, say A and B, is
same & that between B and A, ou of 20, oy 10 combinations are needed to be evaluated. Table
5 shows the wefficient values between groups correspondng to Table 4. Degreeof correlation
ranges from 0.8205 to 0.9744 indicaing the good measure of association ketween dfferent
groups of ranking pattern (Srinivasa Raju, 1995.

In the present study irrigation system D8 is foundto be the best followed by D11 which may be
further analyzed in depth for final implementation. The ranks may, however, change depending on
nat only the different criteria and relative importance chasen bu also the precision d the avall able
data. Presently studies are in progress for considering more number of irrigation systems in the
multi ple dedasion maker environment.

CONCLUSIONS

Analytical Hierarchy Processis employed in performance evaluation studies to a cae study of Sri
Ram Sagar Irrigation Projed, Andhra Pradesh, India. From the analysis of results the following
conclusions are drawn:

¢ It is observed that econamic impad is given hgher importance followed by social
impad/ productivity by most of theindviduals.

¢ lrrigationsystems D8 and D11 occupied the first and second paitions respedively.

¢ Anaytic Hierarchy Process is found to be suitable for complex group decision making
situations where subjedivity plays amajor role.

¢ Kendal rank correlation coefficient is foundto be useful to assessthe correlation between the
different groups of ranking pattern.
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