[ Downloaded from jircsa.ir on 2026-06-25 |

[ DOR: 20.1001.1.24235970.1403.12.1.7.0 ]

Locating and prioritizing the suitable place to build a pond with analytic hierarchy
process (Northern region of Gorgan)

Seyed Hasan Ahmadi *®, Ali Heshmatpour?"®, Seyed Morteza Seyedian®®, Chooghi Bairam Komaki*®

1. M.Sc. Student, Department of Range and Watershed Management, Faculty of Agriculture and Natural Resources,
Gonbad Kavous University, Gonbad Kavous, Iran. E-mail: josephmohammaden@gmail.com

2. Assistant Professor, Department of Range and Watershed Management, Faculty of Agriculture and Natural
Resources, Gonbad Kavous University, Gonbad Kavous, Iran. Email: heshmatpoura@gmail.com

3. Assistant Professor, Department of Range and Watershed Management, Faculty of Agriculture and Natural
Resources, Gonbad Kavous University, Gonbad Kavous, Iran. Email: s.m.seyedian@gmail.com

4. Assistant Professor, Department of Arid Zone Management Department, Faculty of Rangeland and Watershed Management,
Gorgan University of Agricultural Sciences and Natural Resources, Gorgan, Iran. E-mail: komaki@gau.ac.ir

ARTICLE INFO

ABSTRACT

Article type:
Research Paper

Avrticle history

Received: 24 November 2023
Revised: 15 January 2023
Accepted: 16 January 2023
Published online: 06 June 2024

Keywords:

Analytic Hierarchy Process,
geographic information systems,
multi-criteria decision making,
sealing systems

The integration of a multi-criteria decision-making system and a geographic
information system was utilized to select appropriate locations for the construction of
ponds. These ponds were intended to facilitate the storage and supply of water for
agricultural purposes, the breeding of warm water fish, and the artificial feeding of
underground water. This initiative was implemented in the flatlands to the north of the
city of Gorgan. Thus, the Boolean model was used to locate the ponds, and the
Hierarchical and Copeland analysis process was used to prioritize them. Google Earth
was used to determine seven suitable axes for the construction of ponds in potential
areas. The Hierarchy and Copeland analysis process was used to prioritize these places
based on their main and sub-criteria. The results indicated that in the comparison of
criteria with a consistency coefficient (0.03), the hydrometeorological criterion with
weight (0.315) and the weighted rainfall sub-criterion (0.485) is the best criterion of
hydrometeorology with the consistency coefficient (0.03) and the weighted sub-
criterion of the slope of the area (0.394) is the highest criterion of geomorphology with
the consistency coefficient (0.03) and the loan resources sub-criterion with weight
(0.410) is the highest economic and social criterion with compatibility coefficient
(0.004) and the sub-criterion of plant water requirement volume with weight (0.710) is
the highest agricultural criterion with compatibility coefficient (0.004) and the sub-
criterion of the cost of making a water seal by weight (0.349) is the highest technical
criterion of construction with the compatibility factor (0.007) has been recognized as
the superior criterion. The result of this work is that by dividing the layers of
information with the composition, suitable places for the construction of dams have
been selected. The findings of this research showed that the use of geographic
information systems and decision support systems and the use of hierarchical analysis
method as a powerful and flexible tool to reduce the complexities in identifying
suitable places along with field visits in increasing accuracy, reducing costs and
Determination has a role Location They are the place of construction of dams.
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EXTENDED ABSTRACT

Introduction: The world can experience both positive and negative changes due to dehydration, which is one of
the biggest challenges of the current century. In Golestan province, the irregular distribution of time and place
between agricultural product cultivation and plant growth results in the waste of available water. Farmers face a
shortage of water sources for irrigation due to droughts in certain months of the year. As a result, they are forced
to extract more than the capacity from the existing wells. There are several methods of harvesting rainwater, the
existence of water dams that feed the underground aquifers compensates for the lost water prevents the
salinization of fresh waters, and nourishes the vulnerable layers with low or no water, this issue is especially
visible during drought. The goal of this research is to identify and prioritize an ideal location for building a pond
that can be used to extract and collect surface water. The collected water will then be used to cater to the water
needs of the area under study (15 villages north of Gorgan city).

Methodology: The study area (12479.7 ha) is located in the northwest of Gorgan city. The area is part of the
Qarasu watershed, which is located in the northern part of the Mazandaran fault. In terms of geomorphology, it
includes the lowlands of the Gorgan plain. By comparing the annual mean of the statistical period, it has passed
the drought period (14 water years) and the drought period (16 water years). This research was conducted using
the Analytical Hierarchy Process (AHP) method. The points or winning options were calculated using the
Copeland method, which is based on the number of wins, draws, and losses. The Expert Choice (Expert Choice)
software was also used to design a hierarchical diagram of decision-making and questions, determine
preferences and priorities, calculate the final weight, and analyze the sensitivity of decision-making to changes
in the parameters of the problem.

Results and Discussion: Pairwise comparisons were conducted by experts after determining the criteria and
relationships between them. Considering that experts have different opinions, first, The average results are
obtained by counting the number of experts who chose one of the options 1 to 9 in the AHP model pairwise
comparison, each option receives a code to identify each value because the values are identical in
comparison.Then, the number of experts who chose a value through the completed questionnaires is counted and
entered in the matrix of all 17 values with the code name of each of them in the row and column. As with the
DEMATEL model, these values should be compared in pairs based on the number of experts who chose that
value, the result of this time is not based on the degree of relationship, nor based on the degree of importance,
but the scoring is based on the law of wins, draws and losses. One value competes with another. The criterion of
judgment, or, a control criterion, is the number of experts who chose it. A questionnaire was used by experts to
compare and weight different effective criteria and sub-criteria for the spatial prioritization of pond construction.
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Conclusion: The research findings indicate that employing a geographic information system and decision
support system simultaneously with the use of a hierarchical analysis method is a powerful and flexible tool for
reducing complexities in identifying suitable locations for the construction of a pond. The approach also helps
increase accuracy, reduce costs, and determine the most appropriate place for pond construction by combining
field visits with data analysis. To better manage surface water resources, it is recommended to collect and store
any excess water during non-agricultural seasons. This water can then be used during times of low rainfall and
reduced extraction of underground water sources, as well as decreased water consumption during the summer
season. By adjusting the cultivation pattern and avoiding high-water consumption crops like rice, we can make
better use of our water resources.
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Figure 1- Map of the study area


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.1.7.0
http://jircsa.ir/article-1-529-en.html

[ Downloaded from jircsa.ir on 2026-06-25 |

[ DOR: 20.1001.1.24235970.1403.12.1.7.0]

14 e AT Slas] Cuslio Joo (sautuglyl 9 LilKo

oS (g,

I8 oolitwl 5y50 il dnlae JSuie b 1) Waaiy i3 o bl 5 009y dldie (g8 paenad (slojlixe S Jailyd 0 (64 paenad sy
pole ) (s3awie S8 (49 b g b iy (sl Jl elogs aliwogan WA« Lo 3 bl egyline diz (b)) B9y cnl 5 s
sbds (oS 5 S slajlae (65,5 (o phBlasl ( Solo 4 v b (lpe dlade Jdoo an]B 5y ool andly calise
sl u;9ﬂa.o 3)3)5 u] éJL.A Lg);)d.ob)) 4 Joy)n u‘&yo}o wr ..\JI})L;O ‘.EUBLAB 0 Lg)‘f)L.o ) ;,%..L»‘.B 9 u‘..o)pm
.(\Y‘A’ ‘Ca.w\)){)') Ml)

dndaseio b bo)leo cdan Jold yolic oyl 598 0 g (65 puonad polic canCoggl g ololid b (5lpe alude Julos a5l )3
ooty bjlae s g Baline (2bj)] (VWAL 92 005) b oo 48,5 )54 (gauglyl )3 & 298 o Jloio] (sladiy 15 g loylne
2o e Sl il 53 S 5o Bajlae s g bajline 3y Cpgo Al bbb b g (XS wress dusgay Slge (295
Copd o sl b 48,8 oy eSS s bagye 50y Gl S a0 Ve clylas dads Gl del yiasys B g walal allas
5 U lixo dunglio 51y luzl S ol plol gl o auglie (V) gz b oo L ol 90 41 9 dojlims o g Wo)lne (Uljgl) o
el ol s el ol sz ooty bl sy oS5 5 0y lilS bangs el by, & (33ke 5 Lo o
238 Sygo p3Y Sluslxo U ads JuST dobip o)lg 5 (Sl Jods LB

ol s bro (g5 dwslie dob piaw p - Joun
Table 1- Questionnaire for pairwise comparison of main criteria

3 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 3
3 3
N 2 i SUNE N i AU N i AU N 2, N
4 3 ;3 : ;8 : ;8 : i3 5 ¥
BEIEIERIE IR IR EET RN
: : J % N JF * J 2 J 3 J 2 ¥ K J % N J : :
5;%’3%3’*35”5%“35%3"*33% 335’3;
H * G
H * M
H * A
H * EC
G * M
G * A
G * EC
M * A
M * EC
A * EC

(usbonloolasdl = EC ¢ gjyslis = A il 8= M ¢ Luliscsn i = G ¢ wlidlen 5 ol = H)

&bl Jdodi 9 4505
Saari and ) cowl Laci 3l g Lagoluws dady slasi y e a8 0 oozl LilS™ (hg; 5l odd 0k p a5 L g jliel duwlore (gl
5 boglyl g Glora 5 putd « Yl § (65 paoual (5] p0 dluddis Hld505 &)l <8 Expert Choice 33l 5 .(Merlin, 1994

! Hydrometeorology
2 Geomorphology

® Manufacturing

* Agriculture

® Economic-social


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.1.7.0
http://jircsa.ir/article-1-529-en.html

[ Downloaded from jircsa.ir on 2026-06-25 |

[ DOR: 20.1001.1.24235970.1403.12.1.7.0]

(VEY OY sl o ojles) oyl T zobaw sdilolu VY

b 318l sl il Jolye )l 1y dlie (sl yial)l 13 Gl S (6 el Sl Jo (25 (g Anle
Pyl g dlsge sl

Sne 2 (o Sl (s sl Capol Julod =¥ oy S 5 =Y (29 slodunlio =V (510 b a9 (S Ls) (2l )
Vol ol o almasli sty (b g A5 et g o (295 Slamile 5 00 s Lo il el glSe 13 e g
k) (el a2y s (elide Sl adjltal (glym oAb JeoS5 (b @lio (Lol g (a8l laasiis 095 9 5l (s
Wb g OS] 38l 5 0l andelius s pl (owdin 5 Ske «lunlie 23555 50 Wb odlaiwl (V Jado dolidus y

9 Slaglio dag] LS| g jlino (s J) mg Gl 005 IV BY gz )3 lline s g llne (295 auglio 2lg5 aons
Sl Il @ubs Sl 113 )5] Cawdds Caa 85,1y glise ks lolis 5 a8 oyl 4 ds g b .cd )5 g ol ) Lawgs bl oy
dlio Sy 3 Loyl (g 2980 03p0d ki3S Ll ) (ilpe dluds Jio (295 auglis AU Y slaai 5 5 (S a5 Slulis )l
G 3y i) 5o A5 Sl S S s 395500 31> IS s Ladiz 35 51 Sy o ey b (b3 4L (el odgy yluvat
3y ogies 9 o 3 Ll 1Sy 50 086l LA (35 o e ilo 13 9095 00 sl 2605 Bl 0 eSS (glmoli sy
g dmlie o b 1538 Sl |y 55 o o SLoliis S sl bl y2 baiy) ol (25 Sagots bl Jiows Jia e 39 o
oy i) o sl 8l 5 (ggln 3 (3938 ol 30 05 AL cson] i yolol 2 &6 g Ay e ol 3 5 5 ] (it

53,8 Olsasl |y ol a8 o Sl )8 dlaws ( J 58 Jhxe o954 &ly o b cogliad SMo amd o dlune ;503 5]

WS gy a1 ol G )lre (Sl (295 amlio =T Jooa
Table 2- The final pairwise comparison of the main criteria by the Copeland method
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Table 3- The final pairwise comparison of hydrometeorological subcriteria using the Copeland method
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Table 4- Final pairwise comparison of geomorphological subcriteria using Copeland's method
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Table 5- The final pairwise comparison of the technical sub-criteria of construction by the Copeland method
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Table 6- The final pairwise comparison of agricultural sub-criteria using the Copeland method
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Table 7- Final pairwise comparison of economic and social sub-criteria using the Copeland method
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Table 8- Calculating pairwise comparisons and determining the best criteria and sub-criteria using Copeland's

method
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Table9- Calculating the weighting of pairwise comparison of criteria and sub-criteria by Expert Choice software
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Table 10- The degree of compatibility of sub-criteria
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Table 11- Relative weight of level 1 matrix
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Table 12- Level 2 matrix (sub-criteria of hydrometeorology)
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Table 13- Level 2 matrix (sub-criteria of geomorphology)
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Table 14- Level 2 matrix (construction technical sub-criteria)
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Table 15- Level 2 matrix (agricultural sub-criteria)
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Table 16- Level 2 matrix (economic and social subcriteria)
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Figure 5- Distance from population Figure 4- The distance from the Figure 3- Distance from the road
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Figure 8- Distance fromthe river is  Figure 7- The distance from the faultis  Figure 6- The distance from the aqueduct is
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Figure 10- Suitable slope map up to 7% Figure 9- Slope map of the design area
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Figure 12- prioritizing the location of the ponds Figure 11- The final output map
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