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ARTICLE INFO ABSTRACT

Article type: The construction of rainwater catchment surfaces as a solution to the lack of livestock
drinking water in the northern pastures of Golestan province has been less
investigated. In the current study, a Geographic Information System (GIS) has been
used to identify suitable areas for collecting rainwater in Kalaleh pastures. Among the
effective factors in choosing the appropriate site for the construction of rainwater

Research Paper

Received: 01 September 2023 catchment surfaces the criteria of land use, soil depth, distance from fault, slope,
Revised: 05 November 2023 distance from waterways, and dIStQﬂCE‘_ from cattle bree_dmg were selected. '_I'hen, with

the help of Boolean logic, the weighting of the selection criteria was carried out. In
Accepted: 12 November 2023 this method, the unsuitable and restrictive areas were assigned a weight of zero, and

suitable areas were assigned a numerical value of one. Prone and non-prone areas for
rainwater collection were identified by combining information layers. The results
indicated that among the selection criteria, the most restricting factor in the study area
was due to the slope which made 94.7% of the unsuitable areas for the construction of
Keywords: a rainwater catchment system to be recognized and 3.5% of the pastures have the
Water harvesting, rainfall, water necessary potential to implemer_n the system. This resu!t is not (;enain and achieving a

T T desired result requires the existence of acceptable information and data and the
shortage, geographic information iceection of proper methods, techniques, and criteria, the way of utilizing them in the
system studies of identification of prone sites for the construction of catchment systems seems
necessary.

Published online: 31 December 2023

Citation: Mohammadian, Y., Hashempour, A., Fathabadi, A., & Seyedian, S.M. (2023). Determining suitable
locations for rainwater harvesting structures to meet the drinking water needs of livestock (Case study:
Rangelands of Kalaleh County). Rainwater Harvesting System. Iranian Journal of Rainwater Catchment
Systems, 11(4), 86-101.

DOR: 20.1001.1.24235970.1402.11.4.6.8

Publisher: Iranian Rainwater Catchment Systems Association © Author(s)

Z*Corresponding author: Ali Heshmatpour

Address: Department of Range and Watershed management, Faculty of Natural Resources, Gonbad Kavous
University, Gonbad Kavous, Iran.

Tel: +989377556379

Email: Heshmatpoura@gmail.com



https://orcid.org/0009-0006-5899-4337
https://orcid.org/0000-0003-4503-1751
https://orcid.org/0000-0002-6213-9695
https://orcid.org/0000-0002-1687-4891
mailto:Heshmatpoura@gmail.com
https://dor.isc.ac/dor/20.1001.1.24235970.1402.11.4.8.0
http://jircsa.ir/article-1-519-en.html

[ Downloaded from jircsair on 2025-08-01 ]

[ DOR: 20.1001.1.24235970.1402.11.4.8.0 ]

Determining the appropriate location for the construction of rain catchment systems to
provide the drinking water needed for livestock (Case study: Rangelands of Kalaleh city)

Yusuf Mohammadian 1®, Ali Heshmatpour™®, Abolhassan Fathabadi3®, Seyed Morteza Seydian «®

1. M.Sc. Student, Department of Range and Watershed management, Faculty of Natural Resources, Gonbad Kavous
University, Gonbad Kavous, Iran, Email: josephmohammaden@gmail.com

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

3. Assistant Professor, Department of Range and Watershed management, Faculty of Natural Resources, Gonbad
Kavous University, Gonbad Kavous, Iran, Email: ahfathabadi@gmail.com

Assistant Professor, Department of Range and Watershed management, Faculty of Natural Resources, Gonbad Kavous

University, Gonbad Kavous, Iran, Email: s.m.seyedian@gmil.com

EXTENDED ABSTRACT

Introduction: Introduction: Iran is recognized as one of the world's dry and semi-arid regions. Scarce rainfall,
climate change, and inadequate management are influential factors in the water crisis in the study area. Various
methods have been employed and examined globally to address water scarcity and eliminate water supply
networks in similar regions. These methods encompass water market planning and the possibility of water
trading, water recycling, rainwater harvesting, desalination of seawater, and dew and fog utilization. Among
these options, rainwater harvesting is regarded as one of the most effective and feasible choices due to its
efficiency, ease of implementation, and cost-effectiveness. Consequently, one crucial step in implementing
rainwater harvesting systems is the identification and selection of suitable locations using geographic
information systems (GIS) to facilitate the execution of this technology. The analysis of previous studies and
research indicates that various techniques and methods, along with the utilization of GIS, have been employed
to locate rainwater harvesting sites. It is believed that a combination of an efficient and flexible approach and a
useful GIS is essential for making accurate decisions in selecting suitable areas for constructing rainwater
collection surfaces. Therefore, in this current research, the integration of GIS and the Boolean logic method was
employed to identify appropriate regions for rainwater harvesting in the study area.

Methodology: Methodology: In this research, our main objective was to identify suitable locations for constructing
rainwater harvesting systems to provide drinking water for livestock. To determine these locations, we considered
various criteria specific to the study area. These criteria were derived from extensive study and examination of
different sources, aligning with our research goals. Ultimately, we identified six key criteria: land use, distance
from faults, soil depth, slope, distance from waterways, and distance from livestock farms. Once we determined the
influential criteria for locating suitable areas for rainwater harvesting, we converted all layers into raster format and
assigned weights based on our research findings using the Boolean logic approach in ArcMap 10.8 software (Table
1). We employed the Reclassify tool within the GIS environment for this purpose. This tool transformed raster
layers into two categories: zero and one. Areas with potential for constructing rainwater harvesting systems were
assigned a weight of one, while unsuitable areas were given a value of zero. To select the appropriate locations for
rainwater harvesting systems, we employed the conditional operator AND, which represents the intersection of
multiple sets. Only pixels assigned a value of one in all layers were selected. Finally, the weighted layers were used
in the Raster Calculator tool to generate the final map.
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Table 1- Weighting of influential criteria based on conducted studies

INDEX SUITABLE (1) UNSUITABLE (0)
Land use Rangelands Agricultural lands, Marl, Orchards
Distance from faults More than 300 m More than 300 m
Soil depth Semi-shallow to deep Very shallow
Slope Less than 5 % slope More than 5 percent slope
Distance from waterways Less than 150 m More than 150 m
Distance from livestock farms Less than 3000 m More than 3000 m

Results and Discussion: The results demonstrated that the most significant limiting factor in determining
suitable locations for rainwater harvesting in the study area, based on the chosen method, is a slope, which
covers 86.4% of the area. The following slope, the distance from waterways, land use, soil depth, distance from
livestock farms, and distance from faults are ranked in subsequent categories. On the other hand, the land use
index (rangelands) encompasses 71.06% of the area, which is considered suitable for the intended purpose.
Additionally, the region's climate is classified as semi-arid according to the Demartonne method, and as semi-
humid to moderate based on the Emberger Indicator. The annual rainfall fluctuates between 398 and 470 mm in
the region, which renders rainwater harvesting systems beneficial and economically justifiable for construction
at the watershed level.

Conclusion: This study was conducted to identify suitable locations for rainwater harvesting for livestock
drinking purposes using Boolean logic within a GIS environment in the Qoyjaq Watershed. Among the
examined factors, six variables were determined: land use, distance from faults, soil depth, slope, distance from
waterways, and distance from livestock farms. Among the selected criteria, the slope had the highest constraint.
Furthermore, the results obtained from the Boolean model showed that only 3.5% of the study area has the
necessary potential for rainwater harvesting for livestock drinking. However, due to the low-risk tolerance of
this model compared to other methods, the identified areas are likely to meet our needs.
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Figure 2- Diagram of influential criteria for rainwater harvesting in the study area
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Table 1- Weighting of influential criteria based on conducted studies
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Figure 3- Land use classification map of the Qoyjaq watershed
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Figure 7- Waterway and protected area map (150-m) of the Qoyjaq watershed

55°26'30"E 55°29'40"E 55°32'50E 55°36'0°E
z
n
o
-
5
il
L
i \ B
o \
N
4 ~~
| A
°
,/ ® ° ,/ B
/ 7
o it
et ™ L ] |
( |
/ . . 2 |
/ & ‘

\ \\”’ 00 (/

b {

\
‘a\!y .".q

T T

T
37°38'35"N  37°40"0°N  37°41'45"N  37°4320"N  37°44'55"N  37°46'30°N

|> Zz
. / RS
. 5
- . g
lo.o..ﬁ‘ 5} \ * S
z Jo 2 =
& / :
2 5 2
;"4' o Aa, ollaly Cundsa .E
£ ¢
s ©
z B ML T Ikiometers
3 00745 3 45 6
3 T T T T
z 55°26'30"E 55°29'40"E 55°32'60"E 56°36'0"E
5

Lol
z
]
- E
B b
Kilometers
00785 3 45

55“26"30'E 55‘29"40'5 55:32"50”E 55"3‘6‘0'E
55°26'30"E 55°29'40"E 55°32'50"E 55°36'0"E

L 1 L h

N

LN
“L Shals 5l alold ool a0 59 alids
S

37°37°0'N  37°38'35'N  37°40'10"N  37°41'45"'N 37°43'20"N  37°44'55'N  37°46'30'N  37°48'5'N
h

T T T T T T T T
37°37'0"N 37°38'35"N  37°40"0"N  37°41'45°N 37°43'20"N  37°44'55'N  37°46'30'N  37°48'5"N

37°35'25"N

(d)bYQQQ)Mpeul)‘Mlb Mw’:goduw”&)—A J&w
Figure 8- Location map of livestock farmers and buffer (3000-m)

z [lezal,

2

I s g

i

| i oG .

z MU LT IKilometers

2 00735 3 45 6

2

© 55°2630°E 55°2940°E 55°3250°E 55°360'
5


https://dor.isc.ac/dor/20.1001.1.24235970.1402.11.4.8.0
http://jircsa.ir/article-1-519-en.html

[ Downloaded from jircsair on 2025-08-01 ]

[ DOR: 20.1001.1.24235970.1402.11.4.8.0]

(YE+Y Y dls £ olond) ol5b wSl o glaailobw A

G (%) Jgi 5l ool ol ply sl o1 odly (Lt () S5 5 (V) Jgdar )3 (32058 sl o) 1 (2l 4 g Aoy oo
5 colio Juusly (gl (3uoyd B/Y) JlSa AV/Y ggomme 13 9 (HUSa WAVO/IYY) jusul 05> colue JS 5l oWe shaie b,
ol sl Gigy ol 009 culio I (S aS o)l 1) o)L ol Jlascsl Sy coliel Jusly (1o, AF/Y) HSa VEYIF/AY
ol plul cla Limgh Gab o9 debusl g delus bld 5l ond asuie sble |yl Gimgh ol 0 b xS zokaw
sl bl ol Jlasil Jousiliy 2 pglitods 5 (WWAR) lSan g ot gl b o Jols gols cpnizpon -l 00 b lSCe
ol ol Jlasiol dstus blie (saiaigy glatod (VWA0) (e 5 (59 5 o)kme diz (6 S proncd Jelod odlisl L ply oy

S cdsllas sl (Slye dudis hgy 5l eslatwl b s g Ol (gl

O e 3 adlllan 3,90 dtlais (o lg A M0 )3 g Coluno Y Jgaa
Table 3- Area and percentage of the final map in the study area based on Boolean Logic
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