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IMPROVING DECISION MAKING IN DEFINING PRIORITIES FOR IMPLEMENTATION OF
IRRIGATION PLANS USING AHP METHODOLOGY

Barbara KarleuSa, Nevenka OZanié, Aleksandra Deluka-Tibljas

Subject review
The paper deals with the methodology of determining the priorities in implementing irrigation plans using multi-criteria analysis AHP (Analytic Hierarchy
Process) methodology. The aims of this paper are: confirm the adequacy of using multi-criteria analysis approach and AHP method when determining
priorities in fulfilling irrigation plans; present models for preparation of the input data for AHP method application; by analysing the use of AHP
application on a specific case study, give suggestions for its application on priority determination in implementation of irrigation plans and for further
research. The multi-criteria methodology is applied on the case study of the selection of the Primorsko-goranska County irrigation pilot location. The
results of applying the AHP method are compared to the selection of the pilot location conducted in the adopted Irrigation plan of the Primorsko-goranska
County and conclusions are given.
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Unapredenje donosenja odluka u definiranju prioriteta realizacije planova navodnjavanja primjenom AHP metodologije

Pregledni rad
U radu je prikazana metodologija definiranja prioriteta kod realizacije planova navodnjavanja primjenom metode viSekriterijske analize AHP (Analytic
Hierarchy Process). Ciljevi ovog rada su: potvrditi primjerenost koristenja viSekriterijskog pristupa i AHP metode za definiranje prioriteta u realizaciji
planova navodnjavanja, prikazati modele pripreme ulaznih podataka za primjenu AHP metodologije, analizom primjene AHP metode dati smjernice za
njenu primjenu u definiranju prioriteta realizacije planova navodnjavanja, te za daljnja istrazivanja. Primjena metodologije visekriterijske analize dana je
na primjeru izbora lokacije pilot projekta navodnjavanja Primorsko-goranske zupanije. Rezultati primjene AHP metode usporedeni su s rezultatima izbora

pilot lokacije provedenog u Planu navodnjavanja Primorsko-goranske zupanije te su dani zakljucci usporedbe.

Kljucne rijeci: AHP, donoSenje odluka, izbor, definiranje prioriteta, planovi navodnjavanja, visekriterijska analiza

1  Introduction

The complexity of decision making in water
management planning process, is the result of multiple
objectives that have to be satisfied, different criteria
(economic, social and environmental) and different
measures (quantitative and qualitative) that are used for
objective fulfilment assessment, and also multiple
stakeholders that are usually involved in the process [1,
2].

Also a large number of alternatives for solving water
management problems make it often difficult to perform
an objective analysis and selection of the optimal
alternative with respect to a large number of, usually also
different measure, criteria.

There are numerous procedures that give support to
this kind of complex decision making problems, among
which are multi-criteria decision analysis methods [3, 4,
5].

Multi-criteria decision analysis has been used for
analyses of different types of water management
problems [6, 7, 8, 9]. The multi-criteria decision analysis
methods are used for ranking and selection of: water
management strategies [10, 11] and projects [12],
alternatives of irrigation [6, 13, 14, 15, 16] or water
supply systems [17, 18], reservoir use alternatives [19],
desalination procedures for drinking water production
[20], waste water management alternatives [21] and waste
water disposal locations [22], urban storm water drainage
management alternatives [23], locations for hydropower
plants and dams [24, 25], etc.

The water management problem of defining priorities
in implementation of irrigation plans was one of the
problems that was emphasised while irrigation plans for

counties in Croatia were being prepared. A large number
of alternatives and differently measured criteria made the
process of selecting the pilot project on which to start the
implementation of irrigation plans in counties very
complex. This is the reason that authors decided to
analyse the possibility of improving decision making in
defining priorities for implementation of irrigation plans
using multi-criteria methodology.

One of the recently used multi-criteria decision
analyses method in water management is the multi-
criteria decision analyses method AHP (Analytic
Hierarchy Process) [6, 7, 16, 26]. AHP is widely used in
irrigation planning and management: for evaluation of
potential expansion for irrigated pasture [27], for selection
of an appropriate irrigation method [28], for ranking
suitable sites for irrigation with reclaimed water [29], for
improvement of irrigation projects [30], for selecting
irrigation water pricing alternatives [31], etc.

The adequacy of the AHP method for defining
priorities in building civil engineers infrastructure
facilities (in this case garage parking facility) has been
confirmed by authors in [32] so the same method was
selected to be applied on defining priorities in
implementation of irrigation plans [33].

The stated will be presented in this paper on the case
study of priority location selection for the irrigation pilot
project in the Primorsko-goranska County.

As the starting point for applying the AHP method,
the multi-criteria assessment of potential locations and the
selection of the priority location by elimination, in the
way which was applied in the Irrigation Plan of the
Primorsko-goranska County, will be briefly presented.
Then, the data for applying the AHP method are prepared.
By applying the multi-criteria methodology and AHP

Tehnicki viesnik 21, 3(2014), 673-680

673



Improving decision making in defining priorities for implementation of irrigation plans using AHP methodology

B. Karleu$a et al.

method the priorities are calculated and the selection of
pilot project location is done.

Finally the comparison of results from the Irrigation
Plan of the Primorsko-goranska County and from
conducted prioritisation using AHP is done and
conclusions are given.

The aims of this paper are: to confirm the adequacy
of using multi-criteria analysis approach and AHP method
when determining priorities in fulfilling irrigation plans;
to present models for preparation of the input data for
AHP method application by analysing its use on the case
study and, finally, give suggestions for its application on
priority determination in implementation of irrigation
plans and for further research.

2 AHP method

There are numerous multiple-criteria decision making
methods: dominant, maxmin, minmax, conjunctive
method, disjunctive method, lexicographic method,
elimination by aspects, permutation method, linear
assignment method, simple additive weighting (SAW),
hierarchical additive weighting, MAUT (Multi-Attribute
Utility Theory), ELECTRE (ELimination and (Et) Choice
Translating REality), TOPSIS (Technique for Order
Preference by Similarity to Ideal Solution), LINMAP
(Linear Programming Techniques for Multidimensional
Analysis of Preference)), PROMETHEE (Preference
Ranking Organization METHod for Enrichment
Evaluations), AHP (Analytic Hierarchy Process) and
other [6, 34, 35].

AHP is a priority method applicable to problems that
can be represented by a hierarchical structure [36,37,38].
The top of the hierarchy is the goal, one level lower are
criteria and there is the possibility of having more levels
for sub-criteria. The lowest level is represented by
alternatives that are alternative solutions for the defined
problem.

AHP method is based on estimating relative priorities
(weights) of criteria and alternatives on which pair-wise
comparison matrix for criteria and pair-wise comparison
matrices for alternatives (one matrix for each criterion)
are generated. These matrices are formed by pair-wise
comparison of alternatives regarding their importance
with respect to each criterion and pair-wise comparison of
criteria respect to the goal using a pair-wise comparison
scale shown in Tab. 1.

Table 1 The AHP pair-wise comparison scale [36]

' Intensity of weight, Definition
importance, preference
1 Equal importance (no preference)
3 Moderate importance (moderate preference)
5 Strong importance (strong preference)
7 Very strong importance (very strong
preference)
9 Extreme importance (extreme preference)
2,4,6,8 Intermediate values

The columns in matrices are normalized in order to
calculate the priority vector for criteria and the priority
vectors for alternatives regarding each criterion. As a
result, the overall priority matrix of alternatives is formed
in the way that columns are priority vectors of alternatives
for each criterion. Multiplying this matrix with the

priority vector of criteria the overall priority vector of

alternatives is calculated. The overall priority vector

defines the priority (weight) of each alternative in respect
to the goal so the ranking of alternatives can be made.

The advantage of this multi-criteria method is that it
can be used when just the pair-wise comparison of
alternatives according to each criterion and the pair-wise
comparison of criteria towards the goal are known.
Therefore this method enables the ranking of alternatives
which are not exactly valued under each -criterion
separately, that is, if the importance of every single
criterion is not exactly defined. It can be also used if there
is a possibility to evaluate every alternative to each
criterion and define criteria weights in relation to the goal.

In the case of pair-wise comparison of alternatives or
criteria the consistency of pair-wise comparison matrices
of alternatives, criteria and also of overall priority matrix
is analysed by calculating the inconsistency index. The
inconsistency index should be lower than 0,1 to assure
that the judgments made are consistent. If the
inconsistency index is higher than the re-evaluation of
pair-wise comparison of alternatives and criteria is
required.

For ranking alternatives using the multi-criteria
method AHP the next steps have to be performed:

- Define the problem (the goal, the criteria, the
alternatives),

- Define the hierarchy,

- Perform pair-wise comparison of alternatives in
respect to each criterion/or evaluate each alternative
in regard to each criterion,

- Perform pair-wise comparison of criteria in respect to
the goal / or define the weight of each criterion,

- Apply the AHP method to estimate the overall
priority vector of alternatives in respect to the goal,

- Form the rank-list of alternatives,

- Perform the sensitivity analysis,

- Make the final decision.

In this paper, the stated methodology will be
examined on defining the priority for irrigation plans
implementation by using the software EXPERT CHOICE
11.5 which has been developed based on the theoretical
and mathematical principles of the AHP method [38].

3 Selection of irrigation pilot-project location conducted
in the Irrigation plan of Primorsko-goranska County

Primorsko-goranska County in Croatia is relatively
poor in agricultural resources [16, 33]. The area is
characterized by division of small estates into several
plots. The quality of the soil is also unfavourable as well
as the attendance of plots and agricultural production. The
population and the economy are less related to agriculture
than in other parts of the country. However, the
significance of agriculture in the County is extraordinary
and unavoidable due to its influence on different segments
of the region and the society. On several locations the
agriculture can be the most significant income and
employment source for the population, and can have the
role of retaining the population in the country and prevent
negative demographic migrations as well as further
lithoralization of the area.
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Potentially favourable irrigation areas were
determined in the Irrigation plan of the Primorsko-
goranska County by analyzing the potential agricultural
areas at disposal (excluding ones that are in protected
areas like areas for sanitary protection of water sources or
national nature parks, etc.) and the possibility of irrigation
introduction. Forty areas dispersely spread in the
Primorsko-goranska County, which make potential
locations for irrigating relatively small agricultural plots
(between 9 and 3525 ha in size), were singled out (Fig. 1).

The conducted analysis of soil suitability for
agriculture, the availability of water resources required for
irrigation and the possibility of water supply, the farmland
attendance grade, the existing planning and project
documentation and the interest of the local population for
irrigation introduction were the basic criteria for
determining the complete adequacy for irrigation of a
specific area in the Primorsko-goranska County. Meeting
the criteria of natural resources (soil and water) as well as
the possibility of blending into the present spatial
planning documentation, was established by an expert
assessment based on the created technical documentation.

C1 - Class of soil suitability for agricultural use: the
suitability was marked by: Pl — particularly valuable
cultivable land (best), P2 — valuable cultivable land
(worse), P3 — other cultivable land (worst),

C2 - Agricultural land area (expressed in ha), the
larger the farmland, the more favourable the location with
respect to the criterion,

C3 - Current way of using the land, since there are
different ways the potential agriculture land is used today:
the current use for agriculture (A) is favourable, use for
agriculture and livestock farming (LF) or pasture (P) is
less favourable and if the land is not used for agriculture
the location is assest as the worst with respect to the
criterion,

C4 - Avaliability of water resources and water
management structures which could provide sufficient
water amounts for irrigation (watercourses, ground water,
existing wells, reservoirs, etc.),

C5 - Interest of local inhabitants for irrigation (no
expressed interest, expressed interest, very expressed
interest).

Based on the results of analyses conducted on all
locations and under all the selected criteria nine locations
were sorted out where irrigation should be introduced in
the County (the locations under number 2, 7, 12, 14, 19,
22, 27, 36 and 40). On those locations smaller areas of
land were singled out where the pilot project of irrigation
could be implemented, the approximative costs for
ensuring the required irrigation water quantities were
defined and the existing and available planning and
project documentation was analyzed (Tab. 3) together
with defining the following criteria:

C2-P (instead of C2) - Agriculture land area for the
pilot project (in ha),

C6 - Cost of ensuring the required irrigation water
resources (in Croatian kunas per ha),

C7 - Existing documentation (studies, plans, projects)
on potential water resources use on the analysed location.

Table 3 The group of 9 potential locations for pilot project selection

[33]
Area for the Existing
pilot project .COSt documentation
No. LOCATION (ha) (mio kn/ha) (projects, plans)
C2-P C6 c7
2 | VINODOL 54 0,12 large number
7 [FUZINE 480 0,01 some
12 | MUNE- ZEJANE - BRUSAN 13 0,33 hardly any available
14 | MRKOPALJ 63 0,10 hardly any available
19 | CI1ZICI 62 0,12 large number
22 | KRAS- GARICA-VRBNIK 200 0,10 large number
27 | DRAGA BASCANSKA 418 0,04 some
36 | UNJE 229 0,01 hardly any available
40 | LOPAR - KAMPOR 295 0,05 some

Figure 1 Map of potential irrigation areas locations in the Primorsko-
goranska County (marked in grey and numbered) [33]

The interest of local inhabitants for irrigation was
established by interviewing the authorized persons in
cities and municipalities of the County and included in
analyses as a separated criterion.

The analysis of potential 40 locations was therefore
conducted according to the following criteria (Tab. 2):

The pilot project selection within the Irrigation plan
of the Primorsko-goranska County was quite a difficult
task because a large number of potential locations (40)
was considered and assessed under five criteria (C1 +
C5). The selection was conducted by gradually
eliminating the less favourable solutions until the number
of favourable locations was brought down to nine
locations. Those nine locations are well distributed over
the area of the Primorsko-goranska County. The nine
selected locations were further analysed (under also C2-P,
C6 and C7 criteria) and again, by eliminating the less
favourable solutions, the final location of the pilot project
was singled out, this being the location 2 — the Vinodol
valley (Pavlomir).
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Table 2 Locations for possible irrigation in the Primorsko-goranska County with defined criteria analysis [16, 33]

NAME OF LOCATION Sultability | req (na) | Curent use of e et Interest of
No. ; class land g inhabitants
(Belonging to...) structures
C1 C2 C3 C4 C5
1 | SEVERIN (Town Vrbovsko) P3 3525 P - not expressed
o P3 1126 watercourse that dries up
2 | VINODOL (Municipality Vinodolska) 1 1059 A — mini resenvoir very expressed
3 | JELENJE (Municipality Jelenie) - Pt AP : not expressed
4 | CABAR (Town Cabar) P-3 1167 AP watercourse thatdries Up = |t oo rocsed
mini reservoir
5 | BAKAR (Town Bakar) P3 1133 A - expressed
6 | SROKI (Municipality ViSkovo) P3 616 A - not expressed
7 | FUZINE (Municipality Fuzine) P3 581 AP mulipurpose feseOITaNd. | gypressed
8 | BATER (Town Novi Vinodolski) P3 271 P not expressed
9 | GOMANCE (Municipality Klana) P3 260 P - not expressed
10 | GOMIRJE (Town Vrbovsko) P3 99 P,LF watercourse that dries up not expressed
11 | KLANA (Municipality Klana) P3 214 A watercourse that dries up expressed
12| MUNE- ZEJANE - BRUSAN (Municipality Matulj) P3 200 A watercourse that dries up = | 1y o pressed
mini reservoir
13 | DELNICE (Town Grad Delnice) P3 167 A - not expressed
14 | MRKOPALJ (Municipality Mrkopalj) P3 156 A - expressed
15 | VELI BRGUD (Municipality Matulji) P3 154 A watercourse that dries up not expressed
16 | KUKULJANI (Municipality Jelenje) P3 140 A watercourse that dries up not expressed
17 | MALI DOL (Town Kraljevica) P3 63 A - not expressed
18 | OMISALJ (Municipality Omisalj) P3 657 A - not expressed
19 | CIZICI (Municipalities OmiSalj and Dobrinj) P3 539 A lake Nijivice not expressed
20 I\D/I(I)I[)I:i)rl]_j\)JICE (Municipalities Malinska Dubasnica and P3 326 A expressed
21 | SVETI VID DOBRINJSKI (Municipality Dobrinj) P3 338 A LF not expressed
2 KRAS- GARICA-VRBNIK (Municipalities Dobrinj and Vrbnik P3 758 A very expressed
and town Town Krk) P1 145 v exp
23 | NENADICI-VRH (Town Krk) P3 304 A LF m“'t'p“ggsi‘ljvfsem” expressed
24 | SKRBCICI (Town Krk) P3 230 A LF - expressed
25 | PORAT (Municipality Malinska Duba$nica) P3 49 A LF expressed
26 | SRSCICA (Municipality Baska) P3 68 LF not expressed
27 | DRAGA BASCANSKA (Municipality Baska) P3 592 A very expressed
28| DOKOLOVO ( Municipality Punat) P3 163 ALF expressed
29 | DRAGOZETICI (Town Cres) P3 57 LF not expressed
30 | PREDOSCICA (Town Cres) P3 62 LF not expressed
31 | DRAGARSKA-ORLEC (Town Cres) P3 644 LF - not expressed
32 | PERNAT-BERTULCICI (Town Cres) P3 358 A LF lake Vrana expressed
33 | VRANA-BELEJ (Town Cres) P3 486 LF lake Vrana not expressed
34 | OSOR-PUNTA KRIZA (Town Mali Loginj) P3 245 A LF expressed
35 | LOSIN (Town Mali Losin) i e A LF : expressed
36 | UNIJE (Town Mali Lo3inj) P2 229 A LF expressed
37 | VELE SRAKANE (Town Mali LoSinj) P3 36 A LF not expressed
38 | SUSAK (Town Mali Losin) = iy A : expressed
39 | ILOVIK (Town Mali LoSinj) P3 127 A LF not expressed
P3 1385
40* I;QPA.R - KAMPOR (Town Rab) P2 9 A expressed
(in Figure 4 numbered as 40 and 41) P1 620

4 Ranking potential locations for irrigation using AHP
methodology
4.1 Assessment of locations and selected criteria

Defining objectives, criteria and alternatives (e.g.
locations) and the detailed analysis of locations under all
defined criteria are presented in detail in the Irrigation
plan of the Primorsko-goranska County [33] so only the
final data from the Plan shown in Tab. 2 and Tab. 3 are
used in this paper.

The aplication of AHP was done first on the set of
forty (40) alternatives and then on the set of nine (9)
alternatives previously selected in the Irrigation plan.

For the set of 40 alternatives a quantified assessment
(explained by the authors in detail in [16]) of each
alternative to each criterion was done based on data from
Tab. 2 and the final results are shown in Tab. 4. The
quantified assessment of each alternative to each criterion
was done because it was very complex to make pair-wise
comparision for such a large number of alternatives.

For the set of 9 alternatives a pair-wise comparision
of alternatives regarding each criterion is done for this
paper based on data from Tab. 2 and Tab. 3.

The goal for both sets of alternatives is to determine
the priority in implementation of the Primorsko-goranska
county irrigation plan, that is, select the location on which
the first (pilot-project) irrigation system will be built.

676

Technical Gazette 21, 3(2014), 673-680




B. Karleusa et al.

Unapredenje donoSenja odluka u definiranju prioriteta realizacije planova navodnjavanja primjenom AHP metodologije

Table 4 Assessment of 40 locations with respect to selected criteria [16]

CRITERIA C1 | C2 | c3 | ¢4 | ¢s5
No. |LOCATION Location assessment
1 SEVERIN 3 3525 1 0 0
2 3 1126
VINODOL 1 2 1059 2185 3 2 2
3 JELENJE ? 2,78 1125535 1408 2 0 0
4 | CABAR 3 1167 2 2 0
5 |BAKAR 3 1133 3 0 1
6 | SROKI 3 616 3 0 0
7 |FUZINE 3 581 2 3 1
8 |BATER 3 271 1 0 0
9 | GOMANCE 3 260 1 0 0
10 | GOMIRJE 3 99 1 1 0
11 | KLANA 3 214 3 1 1
12 | MUNE- ZEJANE - BRUSAN 3 200 3 2 2
13 | DELNICE 3 167 3 0 0
14 | MRKOPALJ 3 156 3 0 1
15 | VELI BRGUD 3 154 3 1 0
16 | KUKULJANI 3 140 3 1 0
17 | MALIDOL 3 63 3 0 0
18 | OMISALJ 3 657 3 0 0
19 [ CIZICI 3 539 3 3 0
20 | MIHOLJICE 3 326 3 0 1
21 | SVETI VID DOBRINJSKI 3 338 2 0 0
22 | KRAS- GARICA-VRBNIK ? 2,67 Zig 903 3 0 2
23 | NENADICI-VRH 3 304 2 3 1
24 | SKRBCICI 3 230 2 0 1
25 | PORAT 3 49 2 0 1
26 | SRSCICA 3 68 1 0 0
27 | DRAGA BASCANSKA 3 592 3 0 2
28 | DOKOLOVO 3 163 2 0 1
29 | DRAGOZETICI 3 57 1 0 0
30 |PREDOSCICA 3 62 1 0 0
31 | DRAGARSKA-ORLEC 3 644 1 0 0
32 | PERNAT-BERTULCICI 3 358 2 3 1
33 | VRANA-BELEJ 3 486 1 3 0
34 | OSOR-PUNTA KRIZA 3 245 2 0 1
v 3 83
35 |LOSINJ 5 2,5 8 165 2 0 1
36 | UNIJE 2 229 2 0 1
37 | VELE SRAKANE 3 36 2 0 0
2 134
38 | SUSAK 3 2,62 217 351 3 0 1
39 |ILOVIK 3 127 2 0 0
3 1385
40 | LOPAR - KAMPOR 2 2,38 9 2014 3 0 1
1 620

The goal for both sets of alternatives is to determine
the priority in implementation of the Primorsko-goranska
county irrigation plan, that is, select the location on which
the first (pilot-project) irrigation system will be built.

I Location selection | 1. Level - Goal
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Figure 2 The hierarchy and assessment of alternatives for the set of 40
locations

The next level of the hierarchy is rapresented by
criteria C1 to CS5 in the case of defining the priority list
between 40 locations, and C1 to C7 in the case of defining

the priority list between 9 locations from the narrowed set
of locations selected in the Plan.

At the lowest level of the hierarchy there are the
alternatives. Fig. 2 shows the hierarchy for the set of 40
locations and Fig. 3 for the set of nine locations.

e

2. Level - Criteria

i | 3. Level - Attematives

Figure3 The hierarchy and assessment of alternatives for the set of nine
locations

Location selection

The pair-wise assessment of 9 alternatives with
respect to each selected criterion is shown in Tab. 5.

The preference value written without brackets defines
the alternative in that line to be better than the alternative
in that column with respect to the selected criterion. If the
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alternative preference is written in brackets, then the
alternative in that line is worse than the alternative in the
column.

Table 5 Pair-wise comparison of alternatives from the set of 9 locations
in relation to each criterion
C1(1=0,03) 2 7 12 14 19
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7 1 1 1
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group also C6. The criteria C2 and C2-P are the least
important. The importance of criterion C7 is varied, first
it has the least importance (') and after it has the same
importance as criteria C1 and C5 (%).

The ranking of all potential locations (40) using AHP
was conducted by applying the following group of criteria
A: Cl1, C2,C3, C4 and C5.

The ranking of locations from the restricted group (9)
using AHP was conducted by applying the following
combinations (groups) of criteria:

B: Cl1, C2-P, C3, C4, C5;

C: C1, C2-P, C3, C4, C5, C6;

D: C1, C2-P, C3, C4, C5, C6, C7 (with varied
importance);

E: Cl1, C3, C4, C5, C6, C7 (with varied importance).

Based on criteria importance a pair-wise comparision
regarding the goal was done. As an example the pair-wise
comparison of criteria with respect to the goal for the
group of criteria B is shown in Tab. 6.

Table 6 Pair-wise comparison of criteria with respect to the goal for the

roup B
(I=0,01)| C1 | C2-P | C3 [C4|C5
Cl 5 3 13]1
C2-p ORI
C3 1103
C4 3)
Cs

4.2 Results

The results of ranking locations by applying the AHP

The most significant criteria are C1 and C5, followed
by less important C3, C4 and in the restricted alternatives

2 6 | 1 5 [ (B [ 5|5 |5 |5 method, on the set of 40 locations and the narrowed set of

172 > 2 (;) 2 g g g 9 locations on data explained in 4.1, are presented in Tab.

14 ) 1 1 1 1 7 and Tab. 8.

19 9 [ 9[9[

22 1 1 1 Table 7 Results of ranking all locations by applying the AHP method on

;2;; 1 1 data from Tab. 4 and the group of criteria A [16]

40 x S x _E x S i~ g
C5(1=0,02) 2 7 [ 12 | 14|19 |2 | 2436 |40 S kS 5] s 3 s 3 =

2 5 [ 1 [ 5 9 [ 1] 1]5]5 = S = S = S = g

7 B 111566 1] 1 -

12 5 9 1 1 5 5 1 2 11 19 21 25 31 1

14 516 [ @[ 1|1 2 12 12 36 2 28 2 37

19 @ [ @© |66 3 22 13 5 23 34 33 39

2 11515 4 27 14 14 24 6 34 10

a7 5 | 6 5 40 15 20 25 18 35 31

jg ! 6 7 16 35 26 3 36 8
LD A B R N W 0 T O O

; I S B B R B B R R 9 | 1 [ 19 | 16 | 29 | 3 | 39 | 29

n G T W o ® o e 10 | 38 | 20 | 24 | 30 | 21 | 40 | 30

14 2 1 1elele

19 Q13166 By ranking the 40 potential locations it can be

g; ) g; (g) concluded that the locations selected in the Plan, locations

% 2 2,12,22,27,40 and 7 are ranked within the first 6 places.

40 The locations 19, 36 and 14 are ranked as the 11",
C7(=003) 21 7 |12 ] 14 119 )22 ] 4 | 36|40 12" and 14™. It can be concluded that all the 9 locations

§ 2 g g (;) (;) ? g ? from the restricted group of the Irrigation plan of the

12 11O O [6 1106 Primorsko-goranska County are ranked within the first 14

14 @ 1O [6 1|6 places.

;g ! g g g The ranking of locations from the restricted group of

27 5 1 1 nine locations selects the location 2 as the most

36 5 favourable one, the location 22 as the second most

40 favourable and location 14 as the last favourable one.

The results for the 3" rank are uniform selecting the
location 27 for all groups of criteria except for the group
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of criteria C. The locations on ranks from 4™ to 8" differ
depending on the involved criteria and their importance.

Table 8 Results of ranking the locations from the restricted group by
applying the AHP method on data from Tab. 5 and groups of criteria B,

C,Dand E
Rank Ranking depending on the group of criteria selected

B D! D2 E’ E?
1 2 2 2 2 2 2
2 22 27 22 22 22 22
3 27 22 27 27 27 27
4 12 36 36 19 36 19
5 36 12 12 36 12 36
6 40 40 40 12 40 12
7 19 7 7 40 7 40
8 7 19 19 7 19 7
9 14 14 14 14 14 14

The use of performance sensitivity graph (shown in
Fig. 5 for the restricted group of 9 locations and the group
of criteria E) gives to the decision maker the possibility to
analyse better the relations between alternatives and also
in relation to criteria that led to a certain priority ranking.

Hence, the coordination of the selection conducted
within the adopted Irrigation plan of the Primorsko-
goranska County and the selection resulting from
applying the AHP method can be confirmed.

5 Conclusion

The application of the AHP method for determining
priorities in implementation of irrigation plans (in this
paper tested on the case study of the Primorsko-goranska
County irrigation plan) has shown different advantages.

The AHP method can be used, if only pair-wise
comparisons of alternatives and/or criteria are available
but also if there is a possibility to make the assessment for
each alternative in regard to each criterion and each
criterion to the goal.

It has been concluded in the paper that multi-criteria
ranking method AHP can be applied both on a larger and
a smaller number of alternatives.

For a larger number of alternatives it is simpler to
make assessment for each alternative in regard to each
criterion. For smaller sets of alternatives a pair-wise
comparison of alternatives in regard to each criterion is
more appropriate.

In comparison to the elimination procedure used in
the Irrigation plan of the Primorsko-goranska County,
where the selection of irrigation locations and
determination of the priority location to be used as a pilot
project was done without use of any multi-criteria
decision analysis tool, the selected AHP method enables
the ranking of alternatives taking into account all, or just
selected, criteria at the same time.

By varying groups of different criteria and criteria
importance and also using the performance sensitivity
graph, the sensitivity of selection can be analysed.

The transparency of the decision process starting by
alternatives assessment (exact or pair-wise) with respect
to each criterion and definition of criteria importance
assures the objectivity in decision making and improves
the auditability of the decision.

The correspondence of results from the Irrigation
plan of the Primorsko-goranska County and from the
conducted analyses in this paper by AHP application
confirms the adequacy of applying the selected AHP
method for determining priorities in implementation of
irrigation plans.

It must be stressed that the quality of the decision
making process, regardless of the use of multi-criteria
methods like AHP, depends primarily on the quality of
the input data (definition of the problem - objectives,
criteria and measures, definition of criteria importance,
definition of alternatives, etc.). If the quality of input data
is good the multi-criteria decision analysis method can be
of significant help in the process of decision making
assuring objectivity, transparency and auditability.
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Figure 4 Performance Sensitivity graph for ranking locations by applying the AHP method on restricted group of locations and the group criteria E (C7 -
very important)

Further research should be directed into developing
support tools that cover the whole process of priority
determination in implementation of irrigation plans
(starting from definition of the problem, goal, criteria and
alternatives and especially in the input data preparation)
in which multi-criteria decision analysis method AHP can
be implemented. Also further research should be done in
regarding the involvement and evaluation (qualitative) of
uncertainities in the AHP method.

Acknowledgments

The authors thank the University of Rijeka for
supporting the publication of this paper (research projects:
13.05.1.3.08 - Development of new methodologies in
water and soil management in Kkarstic, sensitive and
protected areas, 13.05.1.1.03 Water resources hydrology
and identification of the floods and mud flow risk in the
karstic area, 13.05.1.3.13 - Sustainable Pavement Design
in Urban Areas).

Tehnicki viesnik 21, 3(2014), 673-680

679



Improving decision making in defining priorities for implementation of irrigation plans using AHP methodology

B. Karleu$a et al.

6 References

[1] Pordevi¢, B. Vodoprivredni sustavi. Naucna knjiga,
Beograd, 1990.

[2] Margeta, J. Osnove gospodarenja vodama. Gradevinski
fakultet, Split, 1992.

[3] Opricovié, S. Visekriterijumska optimizacija. Naucna
knjiga, Beograd, 1986.

[4] Triantaphyllou, E. Multi-criteria decision making methods:
A comparative study. Kluwer Academic Publishers,
Nederalands, 2000.

[5] Figueira, J.; Greco, S.; Ehrogott, M. Multiple Criteria
Decision Analysis: State of the Art Surveys. International
Series in Operations Research & Management Science.
Vol. 78, Springer, New York, 2005.

[6] Karleusa, B. Primjena postupaka viSekriterijske
optimalizacije u gospodarenju vodama. Magistarski rad.
Gradevinski fakultet SveuciliSta u Zagrebu, Zagreb, 2002.

[71 Hajkowicz, S.; Collins, K. A review of multiple criteria
analysis for water resource planning and management. //
Water Resources Management. 21, 9(2007), pp. 1553-1566.

[8] Hajkowicz, S.; Higgins, A. A comparison of multi-criteria
analysis techniques for water management. / European
journal of operational research. 184, (2008), pp. 255-265.

[9] Mendoza, G.A.; Martins, H. Multi-criteria analysis in
natural resources management: A review of methods and
modelling paradigms. // Forest ecology and management.
230, (2006), pp. 1-22.

[10] Raju, K. S.; Pillai, C. R. S. Multi-criterion decision making
in river basin planning and development. // European
Journal of Operational Research. 112, (1999), pp. 249-257.

[11] Duckstein, L.; Treichel, W.; El Magnouni, S. Ranking
Ground-water Management Alternatives by Multi-criterion
Analysis. // Journal of Water Resources Planning and
Management. 120, 4(1994), pp. 546-565.

[12] Al-Kloub, B.; Al-shemmeri, T.; Pearman, A. The role of
weights in multi-criteria decision aid, and the ranking of
water projects in Jordan. / European Journal of operational
research. 99, (1997), pp. 278-288.

[13] Raju, K. S.; Pillai, C. R. S. Multicriterion decision making
in performance evaluation of an irrigation system. //
European Journal of Operational Research. 112, (1999), pp.
479-488.

[14] Karleusa, B.; Berakovi¢, B.; Ozani¢, N. Primjena
ELECTRE TRI metode na izbor varijante navodnjavanja. //
Gradevinar. 57, 1 (2005), pp. 21-28.

[15] Goncalves, J. M.; Pereira, L. S.; Fang, S. X.; Dong, B.
Modelling and multicriteria analysis of water saving
scenarios for an irrigation district in the upper Yellow River
Basin. // Agricultural water management. 94, (2007), pp.
93-108.

[16] Karleusa, B.; Ozani¢, N. Odredivanje prioriteta u realizaciji
vodnogospodarskih planova. / Gradevinar. 63, 2(2011), pp.
151-161.

[17] Cordeiro Netto, O.; Parent, E.; Duckstein, L. Multicriterion
Design of Long-Term Water Supply in Southern France. //
Journal of Water Resources Planning and Management.
122, 6(1996), pp. 403-413.

[18] Paneque Salgado, P.; Corral Quintana, S.; Guimardes
Pereira, A.; del Moral Ituarte, L.; Pedregal Mateos, B.
Participative multi-criteria analyseis for the evaluation of
water governance alternatives. A case study in the Costa del
Sol (Malaga). // Ecological economics. 68, (2009), pp. 990-
1005.

[19] Srdevi¢, B.; Jandri¢, Z.; Potkonjak, S. Vrednovanje
alternativa koriStenja akumulacije pomocu analitickog
hijerarhijskog  procesa. //  Jugoslavenski  Casopis:
Vodoprivreda. 32, (2000), pp. 237-242.

[20] Afify, A. Prioritizing desalination strategies using multi-
criteria decision analysis. // Desalination. 250, (2010), pp.
928-935.

[21] Riel, P.; Leblanc, D. Multicriterion Selection of Wastewater
Management Alternatives. / Journal of Water Resources
Planning and Management, 115, 5(1989), pp. 711-713.

[22] Margeta, J. Izbor optimalnog rjeSenja dispozicije otpadnih
voda Poljic¢ke rivijere.// Vodoprivreda. 18, (1986), pp.79-
87.

[23] Martin, C.; Ruperd, Y.; Legret, M. Urban stormwater
drainage management: The development of a multicriteria
decision aid approach for best management practices. //
European Journal of Operational Research. 181, (2007), pp.
338-349.

[24] Margeta, J.; Andricevi¢, R.; Mladineo, N. Visekriterijalno
rangiranje potencijalnih lokacija za male hidroelektrane. //
Nase gradevinarstvo. 40, (1986), pp. 34-38.

[25] Margeta, J.; Mladineo, N.; Petricec, M. Visekriterijsko
rangiranje lokacija za male hidroelektrane. // Gradevinar.
39, (1987), pp. 239-244.

[26] Okeola, O. G.; Sule, B. F. Evaluation of management
alternatives for urban water system using Multicriteria
Decision Analysis. // Journal of King Saud University —
Engineering Sciences. 24, (2012), pp. 19-24.

[27] Chen, Y.; Paydar, Z. Evaluation of potential irrigation
expantion using a spatial fuzzy multi-criteria decision
framework. // Environmeltal Modelling and Software. 38,
(2012), pp. 147-157.

[28] Karami, E., Appropriateness of farmers’adoption of
irrigation methods: The application of the AHP method. //
Agricultural Systems. 87, (2006), pp. 101-119.

[29] Anane, M.; Bouziri, L.; Limam, A.; Jellali, S. Ranking
suitable sites for irrigation with reclaimed water in the
Nabeul-Hammamet region (Tunisia) using Gis and AHP-
multicriteria decision analysis. // Resources, Conservation
and Recycling. 65, (2012), pp. 36-46.

[30] Okada, H.; Styles, S.W.; Grismer, M.E. Application of the
AHP to irrigation projects improvement, Part 1. Impacts of
irrigation project internal processes in crop yields. //
Agricultural Water Management. 95, (2008), pp. 199-204.

[31] Gallego Ayala, J. Selecting irrigation water pricing
alternatives using muti-methodological approach. //
Mathematical and Computrer Modelling. 55, (2012), pp.
861-883.

[32] Deluka-Tibljas, A.; Karleusa, B.; Benac, C. AHP
methodology application on garage-parking facility location
selection. // Promet - Traffic & Transportation. 23, 4
(2011), pp. 303-313

[33] Gradevinski fakultet Sveucilista u Rijeci (project leader:
Ozani¢, N.): Plan navodnjavanja Primorsko-goranske
zupanije, Gradevinski fakultet u Rijeci — Arhiva tehnicke
dokumentacije, Rijeka, 2006

[34] Hwang, C. L.; Yoon, K. Multiple attribute decision making
— methods and applications: a state-of-the-art survey.
Springer, New York, 1981.

[35] Nikoli¢, I.; Borovi¢, S. Visekriterijumska optimizacija:
metode, primjena, softver. Beograd, 1996.

[36] Saaty, T. L. The Analytic Hierarchy Process - 2™ edition.
RWS Publications, Pittsburg, 1996.

[37] Saaty, T. L. Fundamentals of Decision Making and Priority
Theory. RWS Publications, Pittsburg, 1994.

[38] URL: http://www.expertchoice.com/ (15.6.2010.)

Authors’ addresses

Barbara Karleusa, izv. prof. dr. sc.

Nevenka OZanié, prof. dr. sc.

Aleksandra Deluka-Tibljas, izv. prof. dr. sc.
Gradevinski fakultet SveuciliSta u Rijeci
Radmile Matejéi¢ 3, 51000 Rijeka, Croatia
Tel. +385/51/265-900 / Fax. +385/51/265-988
E-mail: barbara.karleusa@uniri.hr

680

Technical Gazette 21, 3(2014), 673-680


http://link.springer.com/search?facet-author=%22Jos%C3%89+Figueira%22
http://link.springer.com/search?facet-author=%22Salvatore+Greco%22
http://link.springer.com/search?facet-author=%22Matthias+Ehrogott%22
http://www.springer.com/series/6161
http://www.springer.com/series/6161
http://bib.irb.hr/prikazi-rad?&rad=105276
http://bib.irb.hr/prikazi-rad?&rad=105276
http://bib.irb.hr/prikazi-rad?&rad=188332
http://bib.irb.hr/prikazi-rad?&rad=188332

	Table 1 The AHP pair-wise comparison scale [36]


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [595.276 841.890]

>> setpagedevice



