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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
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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.

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

2023, Volume 11, Issue 4

ISSN (Online): 2783-1531 - ISSN (Print): 2423-5970

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.

Ethical Considerations

Data Availability Statement: The datasets are available upon a reasonable request to the corresponding author.
Funding: This research was conducted in the form of M.Sc. Thesis and received financial support from Gonbad
Kavous University.

Authors’ Contribution: The authors of the paper conducted all parts of the research and wrote the whole
manuscript.

Conflicts of Interest: The authors of this paper declared no conflict of interest regarding the authorship or
publication of this article.

Acknowledgments: Hereby, | thank and appreciate Gonbad Kavous University, Golestan General Directorate
of Natural Resources and Watershed Management, and Gonbad Kavous Nomadic Affairs Organization.






P13 315 3590 <o O el S 1)l 1K1 Zgbans sl canwlio S0 (s
(WS (3w ppenl 85150 3053190 anlllno)

B2 hasw o5 po o P LT pusdlgel (BOF ygy caontis e B laoow diwg

‘U‘)JI swssl{ Jw.f swssl{ J.Mf oKl ;@M.\o éJL.A XS (d)‘.));..?(j 9 é-’)“’ 09; (..\.w)lw»m)lf 4995]&»].) A
josephmohammaden@gmail.com
heshmatpoura@gmail.com <.l ! ¢ egsls 15 ¢ pggls” 1S olKuiil ¢ mubs wolio 038l ¢ )b j50] § @3y0 09,5 okl .Y

ahfathabadi@gmail.com ) ! ¢ wgglS 1S ¢ wgols” LS oKl ¢ mubs wulio 0181 ¢ 3550l g &30 09,5 jLoliwl Y
s.m.seyedian@gmil.com «l pl ¢ ywggls 15 ¢ ogelS 1S o5l ¢ anbs wlio 03l (I3 550] g &5pe 09,5 (jbdkwl ¥

LRV Al Olaswin
758 S il Jlod lye 13 13 b Ol 29008 vely S lgis s il Sl gl o lie £
31 o o )glaes canlio sblio ololis jolatods pols 3udo0 > ol 43)S |15 oy 5)90 Iy
ozl 3 e Joalse s 5l el oad odlatul (GIS) LLdle cleMbl dilobe I IMS &40
s (JuS 3l alols (ST Gas ¢ Bl (6l slaylne byl sha wlis] Cuslie 1S Al azses

B339 A Cad g Glate oS dy a5 O3] (g)laely I alols g anly] 5l alols
u_.u:lm dJDl_AA 9 ).Q_AD 0)9 owbsm 9 wl.\..ob d.IGLA 02’9) O’l BEl W) fl.ﬁl @l}d.:] dl.h)lum
Ao juf g daiuws (blie SleMbl glaa¥ 5.4l L .ol olaidl 06 4 1) S (goae b))

ARASAN ST
VY LYYty

&P&Hdw]du)lﬁmwjldabOLJS@LS.AJMWQI)QQTJ)J&‘;& . .
VY (o) ke L]

alisl gl culiol dilaie 1o )d AF/Y 1 el a5 3 b j (80 Slalllas ddlaie (5 Codgize
il 1y ol sl sl a3 nailiy e g ) s OF 5 3955 4l oyl (o] lelus
5 SLedbl 35 g dy dinjls g llas donds (4 4 () 9 Cannss (galad pol G doe oyl sl
5 Ungl 675,500 a0 45 el ki sl es 5 S5 gy S 5 3 sloosls

Ay oo 55 4 (6)9p0 pl laailobe Gl (gly dxtue Ko olobis Glallas

r s glaejly
6;3] .)9_3.05 “;J_;)Lf cu.j JLAADQ.M)]
Oy e

NVAE (WY b oS o (slodilol (NS i o @lye (63590 anlllas) pls Lo 3y90 Ly O el g
DOR: 20.1001.1.24235970.1402.11.4.6.8

R S S P e

Jpadd o 1 ghuamo 0kusns 5 *7

Ol (99918 45 ¢ ogglS 1455 oS> ¢ b qulio 0aSLils (g 0550l g 550 095 1 LS
SAYYYOOFYYA : pali

Heshmatpoura@gmail.com : Suig 2SI Cowsy


https://orcid.org/0009-0006-5899-4337
https://orcid.org/0000-0003-4503-1751
https://orcid.org/0000-0002-6213-9695
https://orcid.org/0000-0002-6213-9695
https://orcid.org/0000-0002-1687-4891
https://orcid.org/0000-0002-1687-4891
mailto:Heshmatpoura@gmail.com

(VE-Y )Y als o€ 0,land) ol el oo (slardilolus a.

Aodlo

buwgio b (58 Jobo 423 VW UV oldliia Cusdsn 13 oo 32 598 (et g dlioygls S50 598 (g Olgie s ol
oS SHL (WA bls 5 Sl odljeals) o)l jlE las Siddes 5 Kis (glayguiS 005 10 yio Lo YAY aVls Syl
st (sl bay i yulyw 5> Cunl aalllas 350 adlato )3 OF Gl )3 pisu il Jelse | ool Co e g uldl s b ol on
iyt & e ol 5 sl 005 oy 5 1yl e dilate alie sble 5 Syl 45 Gis 5 T g8 b ablie cas
Ublb) 35 0Ll 4o g i 1 odlital b)> O (gilwcp b (b ol Jlasol ol c8bil ol Gogyban 3 oSl 5 O I3l
S aponl 3 sl 01 3l AL it ) e & dge o Ll g 5 L Jsas ol O Jlasal (MWAD ¢, Kon o c35
SleMbl aibebs 1 oslizal b caslio sladre (bl 5 Lol ol o yglesr laailbbs oS54 Jole (e inte S|
ol o sl 2l g ei)8 I3l S plgieas plgie 1y bl SleMbl Sl sl (s)glp onl sl sl bl
(Oweis et al., 2012) 5,8 slyiiey 5 (bymo sy o 1> Shl O eyslans drtus 3blio b oo

(Jlo gl sl o plonl (bl > S50 Jelse (bl 5 ol o Jlamtisl (ogad 50 (il (sl ) 5 Sllllas (55T
5 83,8 s 1) canlio K0 Model Builder (s, 5l edlizul b o)k of cuslsy ol oo glaieas Khudhair et al. (2020)
el 4318 31 oozl b ol o (6 )slaas b 3bolio Ko 3 ansl sl dlobis gl ya] gl dilaie I oy VY 3l ol
Cuslio Juwilis (shls dilaio do > B a5 Wiowy aeiS cpl 4 (VR0 ()52 5 (s9m) (ldlyie cleMbl bl ¢ ¥ 51y dludu
Sy wlie SleMbl Sl 5 Mpenad Sluzdy alels Mbilinyi et al. (2007) bls) gpen ;3 el Ll Ol (gyglaes
S Jsily ells 1y ailaie 5 aoyd FVE il ol jl ol guls sy 8 a1y bl T culsyy ogilly slaplSe  glolis
I ol of culsy cabie slaglKe s <lp Ejegu & Yegizaw (2020) cpises b ol oLl Of gyglaes oYL
ol Cawddy ol o Sglaes cunlio dibaio Mo )d FO/FS &S Ldges oolitwl oLl is leMbl wilobw 4 i,,)[#m,\;% (S oS
ety s> 3blie (b & pl81 1y Sl ol Lo > *ejlmontiz: Soj)l sy 3 (VWR3) oS 5 (693
ol b Ol Jlassil caslie Juwily adlaio duoyd O/Y 3ga 3 i gl a8 a3y oL O Jlascwl

B el 3550 ol ol Jlasl (gbolKe caa dilises (slagh) o S Sl 45 amd g LS sabplol i )y
ol )8 gy SO S 5 5l bl Sl polaw elin] cuslie (sl e Gl 10 Cunyd (6508 aonal Caa duwy ooy 4 ol 428 )F
o Jlasal cuslie sblie oblKe can ol 55 5 jsbaternts A3l adly sbe oldlin el alels b iicilasil 5
i 5 ) cul obilis SleMbl alls slaie oy parslis shie ol b odliul s ghte I Slllas aiaie 15 ok
Gl 0 03y 54 b yimgh 5l ol 1 45 3yl e ) o] Slaslxe g slhaite (Sole Jsar ole slate L(WYAF (il
Golise ) bl o pslaes uslio ble bolSe sl Al-Adamat et al. (2012) aiej ol ) (WWAR ¢, Ko 5 Lyns))
5 S il ol s ) alols (s sble ;) alols daols I dlols ¢ JuS 5l Alols canl il 5 alols w5k ke
2 (Y (h)Sad g g )las) 53,8 e |y cslio el Ko bl yi oMol ol SaS 4y 5 08,5 Jai 5 1, ol 6,06
ooy «SB Gas (ol o) e (bl Jole Gib 5 SosS obde o ok O ogleer lasilels bl
oo e (sl el 00 alizul (Ve ) e 5 lhals baug cuslio 3blie slolis gy iS0) 5 SB Si5els i
(LS by (sye LS Lidsr bk csl) W5ly s claaiis I Hashemi (2021) 1S zshaw cailobs lis] cuslis
(Y90 (e 5 19 o 28) (lie lio (ot K305 o3l (505 5 ol 5 5 e gl S5 Saolyyied (sloos S
2 s slaie gy 5 ool b (VWAF (o) San 5 g0l 6,3l YR (o )San 5 B35 e AYAF (il sy g b
5151 calis S s 4 il M) wlelus LS

9 el oy IS8l (lajlne s 4 o dilain Sluoguad (585 i 53 b diej pl 5 osdplnl Clillae elal
ol U el el 5l ol gl 35maS 5 casliol STy e ol ol JSiio o plidl S sl 3y Jlesd 3 gl

' Geographic information system (GIS)

' Analytical hierarchy process (AHP)

" Decision support system(DSS)

* Multiple-criteria decision-making (MCDA)
° Multi-criteria evaluation (MCE)



) o 13 383 )90 0 s 1 0l S 1) KT Zghans sl anslio (1o e

ool Gl ol (nb (slado e 5 3B 235 Jg ol (9 Cusl JSIB dliusgas OF Joo o (S oy (i osls 4y St
Aols 508 b Gy o 5 ] oo ey cpyit oo ol 03,8 tslinyd et 5 pS1yte |y Ty sonbans SIS g o e b
ozl b ply 5L5 5590 ol L),«.nb 2 Pk 4o (imgh pl Bua Ded dwlS ®ile iy g (ordaw S SauesS I L cal (Ses

sl (LS sy g o @lie Cundg dgme g asanS oy plyisd Gl Sl o ooy |

Baod (99, 9 3190

axlllas 3,90 adlaio

By 007 YFE - 5 00° YEENF il (claJsbo i NS i 0 (B Jlad g llS ol Jlod )3 32068 sl 0o
sl 059 9 (o8 B 098 leli)) 4 Jlad jl ojen opl ol 48,5 13 Jlas YVO YT YV 9 VA0 YVERVE Lldlis oye g
d9xe 39055 55l 0j (B Jlad 53 (558 08 0yed by, Sl 3 g 2l JK 0je> 298 Je 4 g g S
b adlaie o8l () JS) ol b WATD/YY Colue chld g 03g) 39505 ,5 a5y, (claadli yw 5 50l o5 cpl 29u5 oo
sl Glogi 3 e oo TV 5 YA gy 4Vl (Sl bawsgio 5 Cogbojetas 05 puel gy ol g2 g Siddag ijlegy b
Voo 5l oS dan §> ogS audy g olesl Jl oS ¢ b W5 058" ol X5l 15 Cyé g 5y e Jlod 3 bdes &S b pge cilelis)|
so SYY asgs bl o iy g oy o gla)l OMS] iy pdy s pusio b)d pdaw 1 e AFS U L pdaws 5l glas) g
Do e B 0jg> (29 dndls 4 g gy abais o SYL 5l a8 el YVFY Jobay Lol 4539, 5 (ol jusul o) ol
ol Silo g9 Cn )4 Wle lad 4 EhaS g ade I i G el ejp (eelid (o) Slillas ulul
SSTs ol o1 LS5 (o5 ol b 8] Sl 5 Lnngin 5 o5 (Sl b b ] g et o il Jpogily ]
P 9a8)S 10 Aoy A YD dgus Al Wik adlaie e doyd (5 e g deoyd /o FD aw (yieS Jawedlh Wike b es8
203 Ve i g 38 oo 1B Sloposte 290 e Dopots & 03 o (b e (b 68 il Spdie o o plod
Yassg +EL ile +1g o "ol ol +lgy +aioyd Fassigitlgs Mg + dieyd LS i Hlae 5l @lhe LS ibgr Wlbg e |y ddlaie plaw
ol 1y ol 2o YYD dgus ddlaie Camsg odilo Bl doyd Yoo sl aiad o LSt 1) ddhate b gy Lhol clacws Al
) o S (1o yde JA) Glel 5 (duoyd+ IY) Slidotine Ao )d B/0) alS e W8l Sile Sl ) ads o (g )sliS

' Artemisia sieberi +Poa bulbosa
" Poa bulbosa+Medicago minima

3 Artemisia sieberi +Poa bulbosa+ Paliurus spina-christi
4 Poa bulbosa+ Dactylis glomerata+Medicago minima



(VELY O s € 0,loud) oyb ol Zobaw sibol ay

v 2 55°23'S"E 55°25'40"E 55°28'15°E 55°30'50"E 55°3325"E 55°36'0"E 55°38'35"E 55°41'10"E

£y 1 1 1 1 1 1 1 1

B

g L

5

=

& z

37 | 2

Z 3
5

z

5 z

& )

s Fg

& g

z

2 z

3] o

3 =

& 8
5

z

s z

2 s

£ -5

= 5

T T T T T T T T
55°23'S"E 55°25'40°E 55°28'15"E 55°30'S0"E 55°3325'E 55°36'0"E 55°38'35"E 55°41"10"E

LS Gl 5 oy 221 & Cond andllne 3590 allhrivo (IS0 CurBgo —) JS
Figure 1- The geographical location of the study area relative to Iran and Golestan Province
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Table 1- Weighting of influential criteria based on conducted studies
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Table 2- Area and percentage of final rainwater harvesting criteria in the study area
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Figure 3- Land use classification map of the Qoyjaq watershed
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Figure 5- Soil depth classification map of the Qoyjaq watershed
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Figure 6- Slope class classification map of the Qoyjaq watershed

T
55°36'0"E



ay

e 013 5153 190 0 s O (el S )b ST gl Slasl cowlbio (40 Cpuuns

37°48'5"'N

37°38'35°N  37°4010"N  37°41'45°N  37°4320"N 37°44'S5'N  37°46'30"N

37°37'0°N

37°33'50"N  37°3525'N

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

37°33'50°N  37°35'25"N

55°26'30"E 55°29'40"E 55°32'50"E 55°36'0"E
1 1 1 L

55°26'30"E 55°29'40"E 55°32'50"E 55°36'0°E
I I 1 1

1
T

1
T

1
T

e

1

T
37°35'25"N  37°37°0°N  37°38'35'N  37°40"0°N 37°41'45°N 37°4320"N 37°44'S5'N  37°46'30"N  37°48'S"N

i
—— aal ;"/
[ daga e

UL LI Ikilometers
00785 3 45 6

1
T

T T T T
55°26'30"E 55°29'40"E 55°32'50"E 55°36'0"E

37°37'0"N 37°38'35"N 37°40'10°N  37°41'45°N  37°43'20'N  37°44'5S5"N  37°46'30°'N  37°48'S°N

37°33'50°N  37°35'25°N

\.
“'@E aal 5l alols o RO ()39 AL
-

1

1

T T T T T T
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

T

T

398 pudul 090 (S0 104) Blin v > g Al ol duids -V S
Figure 7- Waterway and protected area map (150-m) of the Qoyjaq watershed

55°26'30"E 55“29]'40"5 55°32'50"E 55°36'0"E
1 L )
Z
- i
o
-
5
> .
L
4 P \ |
o \
=
) %
| /)
- L]
y ¢ ® ° ,/ B
/ /
A {
" ° |
( )
4 / % e /4 |
/ = i

§e (’

\\ 1

\
o

T T

T
37°38'35"N  37°40M0°N  37°41'45"N  37°4320"N  37°44'55"N 37°46'30°N

|> =
A / R
\ o
. " £
Losal 5} 'I‘ . L
Pl e z
£ o
4 o ad; ol cuaisa L
]
N " iy
“a o
[ ]ean s M1 IKiometers
00785 3 45 6
55"2(7!'30"E 55"29"40"E 55"32"50"E 55‘3‘6‘0"E

Lol
z
]
- b
[~ 5
Kilometers
00785 3 45

55“26"30"5 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

1 1 1 1 L 1

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

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

T
37°3525"N

(d)bYQQQ)Mpeu')‘Mlb Mw’:goduw”&)—A J&w
Figure 8- Location map of livestock farmers and buffer (3000-m)
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Table 3- Area and percentage of the final map in the study area based on Boolean Logic
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Figure 9- Potential rainwater harvesting areas in the Qoyjaq watershed.
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