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Fig. 1- The geographic location of study area (Zanjan Province)
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Table 1- the scale of paired comparison of criteria in AHP Process

5kl T

Score Definition
1 Equally preferred  clus coonl
3 Moderately preferred i, Sul coonl
5 Strongly preferred yiin coenl
7 Very strongly preferred jui, L3 cuenl
9 Absolutely preferred slas cocnl

2,4,6,8 Intermediate situation 558 Juls oy Gl 5

WY



O B puo (5590582 S5 1 joliiods (oS (65l dtiaano 123 (S (05 (2l ySCo

5 8 pelal oud (asiie lasliee elul  glacliin
Sawlie by jsaz 28,5 I8 Glaakis Lzl o
» AICGIS l58le 5 ;0 exXtAhp  &g38l 5l oolizwl b >
ke g eSS oad 5y900,5 lelFans nSKile (wl
ol G soae jlade b s La)lae (59
5 e odd deule Glagyiy 4 axgi b oosd asle
5 S oo il jasls oo 45 g0 o il S
L .og awlgs> Jod bl sdel Cawsas slacyyg cwail /)
30 odel Cawsds slaryiy condo il &g38l 5l solanl
Sl 5l g ol Jlesl ool poilinl gy, slaay
odd (poliel lagre) dadi oad a30)jy laay
odd oS slajlitel (bl W plonil o 0l g

L gaaid Symbology 15l 5l eolazw! b

oo g b
@ s Joll ol byl (gunany AiE
Gy Al cwlads &Il (V) JS8) jo gt
sloass Sliges &b 5l Ol mle 4 cwyiws las
dodo> 3 alols Jols lag e slolirs nj 00 23059
Cewody ol 5l alold 5 lid 5l alold ilsog, 5l alold
95 ranlio 3o,k 5l byl g sbagyzs jlade ol
g oy, slalold 1) ()59 (p yiin oS (5 sbds 0l s
2 he mle 5l ms Gloiee; o LSS )kl

ol aS omdib slaal, (asilasel pl e

&b bl (FAO, 1985) ¢l Lwgs oo &l s,Lal
SL S 5 o5 Jlse a barye gonayy sleatss
b oakais YO+ 51 oo 0 S Gl iale;] mlis 51 oolawe
W) obu‘ axdllas Sy90 09gdte O wLuo ‘53‘.1& &9
S g0 sosls  selei I S gleasss dgs olp
3loolaiwl b liw! calizes gblie o diii .ol oolaiul
Al ol Zlseial VYO e ulde b esd, Al
ghae Glagee; Joe (rpcmlie (B0 s
PR PYS{ o VU UURPIRV. JPCES ER R VX <SP VoY R [V
s yisd B0l gt (0 .a0s ] Cawods soaids
Gy adds liwl glaol, asds I oolatw! L 3
ng ML’ ,‘,5 ool_? )‘ alols a5 ol ‘_g‘o.)jd.?m 4 Jaj.:]n
3 ogd ge alS by Lol 5l eol> 5l alols o154l
M‘ )Lf..x.,o ‘a)b M‘ 059y d‘ o as ‘_;’L%L-M )i)..)
oo Bas 4 az g bl p3ed g )l sl pj 90 b
aid bl ablie o8l Loe a5l (603 e
A ekaieds o 1) p3ed (ST s L (i &S
Y ooledbl g Lol 5l cuses g o,k o gy sleaids
v 9 (T ﬁm oli’i.m%‘ A “5"""9'“"'“"" Oli;_u.a.""
Al ool oy el S o /dly (orw ol ol
LY o 0jy wad (asjlial glawY dpd I
x> Qlil)l5 lawg (2g) ladmmlio Jgazr JoeSS
(79 SBamlie Jodzr JooSS jslaieds 305 (oo (e

VY



Vo — VYE aio/ VE ¥ b/ A 0,Lowd/T 0 0,93/ ouiSd; g (65ket] (g 03w pwititeo Ciliyiios

VST I B ORI PP FYSPS B PR\ SRY- RE FRES EPRRES T g PXES

Table 2- Scoring the criteria to identify suitable lands for supplemental irrigation

3ol Sl Jbxo p) s
Score Value Sub-Criteria Criteria
7-9 <1000 (20) ol> ;1 bl
2-6 >1000 Distance from the well (m)
7-9 <2000 (2] doiy J ol G e
2-6 >2000 Distance from the spring (m) <!
7-9 <2000 (26) <l 31 alols Access to
2-6 >2000 Distance from the aqueduct (m) Water
Resources
7-9 <2000 (p20) wlsg, ;1 alwold
2-6 >2000 Distance from the river (m)
7-9 <2 (ds/m) (55
2-6 >2 EC (ds/m)
7-9 <10 (meg/lit) )i
2-6 >10 CI (meg/lit)
7-9 <2 (meg/lit) ,, ol cuas
2-6 >2 B (meq/lit) Water Quality
7-9 6.5-7.5 (meg/lit) wyaml
2-6 <6.50r >7.5 pH (meg/lit)
7-9 <200 (mg/lit) ol e
2-6 >200 TDS (mg/lit)
7-9 <20 (32 )3) s Sy
2-6 >20 Slope (%) Topography
Loam, Sandy Loam,
7-9 Clay Loam, Silt .
’ Loam ’ <t
2-6 Sandy, Clay, Sandy Texture
Clay
7-9 >1 (303) JI 83k S oS
2-6 <1 Organic Matter (%) Soil
7-9 >10 (meg/lit) yaus Properties
2-6 <10 Phosphorus (meg/lit)
7-9 >100 (meg/lit) ez,
2-6 <100 Potassium (meg/lit)
7-9 <30 (1) Sl
2-6 >30 TNV (%)
7.9 <4 (d/m) (59
2-6 >4 EC (ds/m)
7-9 <3000 (520 o3l I alwold s yand ol
2-6 >3000 Distance from road (m) Access Road
7-9 >250 (3eske) Bk ,
2-6 <250 Precipitation (mm) “Nbl Sy
79 <2000 (ouder) 5 Climate
Factors
2-6 >2000 Evaporation (mm)
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Fig. 3- The classified maps of the main criteria
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Extended Abstract
Introduction

Population pressures continue to undermine effective land and water management in many
developing countries. Improving water productivity in agricultural lands is essential for enhancing
production and adapting to the water scarcity crisis. Rainfed lands play a crucial role in food
production. Breeding and crop improvement are two important strategies for increasing water
productivity. Supplemental irrigation is considered one of the crop improvement managements in
rainfed lands. This management approach involves providing one or two irrigations during critical
growth periods, which can significantly improve yield and water productivity on rainfed lands.
However, the effectiveness of supplemental irrigation depends on accessibility to water resources,
water quality, soil fertility, and other important factors. Therefore, locating suitable rainfed areas for
implementing supplemental irrigation will be the first step. The area under cultivation of rainfed lands
in Zanjan Province is substantial, covering 338,000 ha. It is recognized as one of the provinces with a
high capacity for producing rainfed crops in the country. This paper presents a comparative analysis of
the Analytic Hierarchy Process (AHP) in the context of decision-making for supplemental irrigation
site selection using Geographic Information Systems (GIS) in Zanjan Province. For this purpose,
several criteria were employed in the selection process, based on the literature concerning factors that
influence supplementary irrigation performance.

Methodology

In this research, Zanjan Province was selected as the study area. The criteria examined in this
research encompass the accessibility of water resources, water quality, soil properties, climatic factors,
topography, and road accessibility, including its sub-criteria. The AHP method was employed to
prioritize rainfed lands for supplemental irrigation. The AHP process consists of three key
components: identifying a hierarchy of objectives, criteria and alternatives; conducting pairwise
comparisons of the criteria; and integrating the results from these comparisons to determine the
relative importance across all levels of the hierarchy. The factors influencing site selection exhibit
various characteristics; some are descriptive and can vary in quantity, while others possess numerical
values. Consequently, it is essential to standardize the values and weights of each factor. Zoning maps
for each sub-criterion were prepared as information layers using ArcGIS software, and subsequently,
all prepared maps were re-scored through a reclassification process. The pairwise comparison tables
for the AHP method were generated using the extAHP plugin in ArcGIS software, establishing the
weight coefficients for the criteria. The land classification map was created by overlaying the zoning
maps corresponding to each criterion while considering the assigned weights. Finally, by integrating
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the obtained map with the rainfed land map of Zanjan Province, suitable rainfed fields for
supplementary irrigation were determined.

Results and Discussion

There are generally no significant restrictions in most areas of Zanjan Province regarding the water
quality, soil properties, climatic factors, road accessibility, and topography for implementing
supplemental irrigation. However, in certain regions, limited accessibility to water resources has
caused restrictions. The access to water resources received the highest weight and importance in the
AHP prioritization method, while the water quality criterion ranked second in significance and
influence on decision-making. Based on classified land maps of Zanjan Province, the central and
eastern regions received higher scores for implementing supplemental irrigation. Additionally, the
central areas of rain-fed lands were identified as having a high potential for supplemental irrigation
capability. The area and percentage of various land classes were calculated. Approximately 44.2% of
the province's land is classified as either completely suitable or suitable for supplemental irrigation,
while about 32.4% falls within the moderate range, and 23.4% is deemed unsuitable. Furthermore,
around 59.6% of rainfed land is classified as suitable or completely suitable, about 27.8% falls within
the moderate range, and 12.6% is considered unsuitable.

Conclusions

Improving yield and water productivity through supplemental irrigation in rainfed areas is a crucial
crop improvement strategy. Zanjan Province, with its significant area of rainfed land, relatively
favorable rainfall, and good soil quality in most regions, possesses significant production and
productivity potential in these agricultural areas. In this research, suitable rainfed areas in Zanjan
Province were identified for supplemental irrigation by considering relevant criteria and utilizing the
AHP method. Approximately 59.6.2% of the areas in the Zanjan Province, particularly in the central
and eastern regions of Zanjan, were identified as suitable or fully suitable for supplemental irrigation,
while the remaining lands faced low to severe limitations. Ultimately, the effectiveness of the AHP
method can be assessed in feasibility studies for the implementation of viable water projects, and its
use is recommended during the initial project identification phase. The final selection of suitable
locations for implementing supplemental irrigation is suggested by integrating the results obtained
from AHP with findings from field surveys and regional conditions. It is indicated that the water
resources required for implementing supplemental irrigation can be harvested from the current
permitted allocations, without any new extraction of water resources.
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