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The increasing frequency and severity of flood hdzan recent years have
necessitated greater attention to the strategidemmgntation of both biological
and physical flood control measures. This studyu$es on physical
interventions, specifically river floodwalls, asshort-term solution to mitigate
flood damage. The study area encompasses the soutbgion of Kerman
Province, including the seven counties of Faryabhmoorj, Jiroft, Manujan,
Anbarabad, Qaleh Ganj, and Rudbar Jonoob, whiclp@@ominantly high-risk
zones for river overflow-induced flooding. To deténe optimal sites for river
floodwall construction, environmental risk indicesre employed, comprising
two key layers: flood hazard and flood susceptipiliThe flood hazard
assessment incorporated ecological criteria, inotud water availability
(precipitation and runoff accumulation), permeapil{surface roughness, soll
type, and NDVI), and landform characteristics (slppMeanwhile, socio-
economic flood susceptibility was evaluated basegrmximity to transportation
networks, residential areas, tourist sites, andcalgaral land. The criteria for
flood hazard indices were standardized, and a itoiei@l weighting method was
applied. The hazard indices were calculated by @oimdp the ecological criteria
using the linear weighted combination (WLC) methode resultant flood hazard
index was then intersected with each socio-econ@ugceptibility criterion to
identify high-risk and vulnerable areas for eactegary. The findings reveal that
56% of agricultural land and 48% of built-up aréals within flood risk zones.
Moreover, 24% of the transportation network lieghiese zones, while none of
the assessed tourist sites are situated within-tighareas. Additionally, 182
kilometers of the province’s rivers-accounting &% of the total river length—
were identified as requiring floodwall constructitm mitigate risks in sensitive
socio-economic zones. The outcomes of this studyige valuable insights for
decision-makers aiming to reduce environmental smclo-economic damages
caused by floods. Furthermore, the methodology eysal offers a replicable
framework for similar studies in other regions.
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INTRODUCTION

Floods are among the most destructive climate-relatedtdisaand are increasingly linked to climate
change (Sanchez-Garcia and Francos, 2022). Floodnisknpasses the hazard and susceptibility, or
vulnerability, of both human and ecological systems todieg events (Pham et al., 2021). This risk is
assessed based on the potential for flooding and inundztgpecific areas, which is measured using
ecological variables. Additionally, susceptibility to floodirig influenced by the degree of
vulnerability associated with socio-economic factors (Resing020).

The magnitude of flood losses has prompted researthemcentrate on robust and comprehensive
modeling approaches to mitigate flood damage (Pathah, @022). However, flood risk analysis is
complex, as it necessitates an understanding of vabaphysical and socio-economic factors,
including precipitation, topographic conditions, drainaggworks, and the spatial distribution of
economic variables (Jenkins et al., 2017).

Among the various methods for flood risk analysis, tirariteria decision-making (MCDM)
techniques are widely employed in participatory, rational] efficient decision-making processes
(Pathan et al., 2022). Extensive studies on flood rigk \aulnerability (Kongmuang et al., 2020;
Souissi et al., 2020; Pham, 2021; Msabi et al., 2021; Pathalny 2022; Penki et al., 2023) have been
conducted using these methods. However, the findiogs these studies have not yet been utilized to
locate flood control strategies. Therefore, this study censithe application of flood risk Indices
results (including flood risk and flood susceptibility)identify potential areas for the establishment of
river floodwalls. This approach is proposed as a raggffctive solution to mitigate severe financial
losses, protect human lives, and reduce other econsod@l, and ecological risks associated with
flooding in one of the country's most flood-prone regions

DATA AND METHODS

The study area encompasses the southern regionrofakeProvince, including the seven counties of
Faryab, Kohnoorj, Jiroft, Manujan, Anbarabad, Qaleh jGamd Rudbar Jonoob, which are
predominantly high-risk zones for river overflow-indudkxbding (Figure 1).
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Figure 1: The study area and its location in Iran.

To determine optimal sites for river floodwall constructioenvironmental risk indices were
employed, comprising two key layers: flood hazard #@lodd susceptibility. The flood hazard
assessment incorporated ecological criteria, including waatailability (precipitation and runoff
accumulation), permeability (surface roughness, soil tgpd, NDVI), and landform characteristics
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(slope). Meanwhile, socio-economic flood susceptibilitaswevaluated based on proximity to
transportation networks, residential areas, tourist sitesagmclltural land.

The criteria for flood hazard indices were standadlizand a hierarchical weighting method was
applied. The hazard indices were calculated by combiniagetiological criteria using the linear

weighted combination (WLC) method. The resultant floodahé index was then intersected with
each socio-economic susceptibility criterion to identify high and vulnerable areas for each
category.

The validation of the model output was conducted by airaly the historical data on flood

occurrences and flooded areas, drawing from avaikibtiies and resources.

RESULTS

The findings reveal that 56% of agricultural land a®d64of built-up areas fall within flood risk
zones. Moreover, 24% of the transportation network liegh@se zones, while none of the assessed
tourist sites are situated within high-risk areas (Table Additionally, 182 kilometers of the
province’s rivers were identified as requiring floodwatinstruction to mitigate risks in sensitive
socio-economic zones (Figure 2).
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Figure 2: Identified areas for the establishment of river flood walls

Table 1. Area/length of areas with high flood risk by typesabceptibility

Area (hectare)/length (Kr Percent osusceptibl areas locate
Total Susceptibleand hazardou in the hazard area
area
Build-up are 59247.2 28478. 48
transportation netwo 4502. 1105.t 24
agricultural lan 196384.! 11553 56

Based on historical data and available information oonding (Soleimani Sardoo, 2021; Kerman
Province Governorate, 2010), the results of the floocigamodeling were validated. The flooded
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areas identified in these studies were highly &test with the flood hazard map produced in this
study, thereby confirming the validity of the floddk modeling.

DISCUSSION AND CONCLUSION

The MCDM employed in this study is one of the vasdlood hazard analysis techniques that has
been widely used in the decision-making processe&eh conducted by Kongmuan et al. (2020),
Msabi et al. (2021), and Penki et al. (2023) higilithe effectiveness of the MCDM in such studies,
which aligns with the findings of the present studye results indicate that the most significant
criterion for river flooding hazard in the studyearis soil type, consistent with the findings oaéli

et al. (2018). Additionally, numerous agricultutahds and built-up areas are located in the high
flood-risk zones, and 24% of the transportatiotwoek's length in the study area is also located in
these regions. Furthermore, 2% of the river lengthghe province require the construction of
floodwalls to mitigate flood risks in socio-econaalily sensitive areas. The findings of this studg c
inform management decisions aimed at reducing enmental damage caused by floods. By utilizing
logical support and environmental risk indices,sthéocations can achieve better outcomes in land
management compared to traditional methods. Thdtsesan also assist local government units in
developing rapid flood management programs, flodibation actions, enhancing preparedness, and
improving response strategies to decrease floddamsl vulnerability among the population in the
study area. It is also recommended that the metbggapplied in this study be utilized in similar
research in other regions, in conjunction with otieehniques and methods that incorporate different
criteria.

ACKNOWLEDGEMENTS

This paper is from a M.Sc. student thesis. Theastheport administrative and non-financial support
was provided by th&niversity of Zabol under grant number IR-UOZ-GR589

REFERENCES

References (in Persian)

Kerman Province Governorate, 2010. Map of floodes of Kerman Province, Kahnouj and Faryab, 2010.

Soleimani Sardoo, F., Rafiei Sarooi, E., Mesbahzatle & Azareh, A. (2021). Utilizing Sentinel 1 &ges for Monitoring
Damage of Flood Event in March 2020, the South efrfkan Province Based on Random Forest Algorithamian Journal
of Watershed Management Science and Engineerif§3)33-32 http:/jwmsei.ir/article-1-976-fa.htm[In Persian]

References (in English)

Alaoui, A., Rogger, M., Peth, S., & Bloschl, G. (B). Does soil compaction increase floods? A revidaurnal of
Hydrology, 557, 631-642.

Jenkins, K., Hall, J., Glenis, V., & Kilsby, C. (28). A probabilistic analysis of surface water floask in London, Risk
Analysis, 38(6): 1169-1182.

Kongmuang, C., Tantanee, S., & Seejata, K. (20RBpan flood hazard map using gis of Muang Sukhothiafrict,
Thailand. Geographia Technica, 15(1): 143-152.

Msabi, M. M., & Makonyo, M. (2021). Flood suscejity mapping using GIS and multi-criteria decisianalysis: A case
of Dodoma region, central Tanzania. Remote SenSpmdications: Society and Environment, 21: 100445.

Pathan, A.l., Girish Agnihotri, P., Said, S., & &laD. (2022). AHP and TOPSIS based flood risk sssent- a case study of
the Navsari City, Gujarat, India, Environmental Ntoring and Assessment, 194(7): 509.

Penki, R., Basina, S. S., & Tanniru, S. R. (2029)plication of geographical information system-tshssalytical hierarchy
process modeling for flood susceptibility mappinig Krishna District in Andhra Pradesh. Environmen&dience and
Pollution Research, 30(44), 99062-99075. https:8dg10.1007/s11356-022-22924-x

Pham, B. T., Luu, C., Van Dao, D., Van Phong, Tguin, H. D., Van Le, H., ... & Prakash, I. (202E)ood risk

assessment using deep learning integrated with-omitkria decision analysis. Knowledge-based syste219, 106899
Reisinger, A., Howden, M., Vera, C., Garschagen, Murlbert, M., Kreibiehl, S.,... & Ranasinghe, 2020). The concept
of risk in the IPCC Sixth Assessment Report: A sanyof cross-working grougiscussions. Intergovernmental Panel on
Climate Change, 15, 130.



Utilization of Environmental Rk Indices for Site Selection in the ...

33

Sanchez-Garcia, C., Francos, M. (2022). Human-enwiental interaction with extreme hydrological egeand climate

change scenarios as background. Geography andriumslity, 3(3): 232-236.
Souissi, D., Zouhri, L., Hammami, S., Msaddek, M, BEghibi, A., & Dlala, M. (2020). GIS-based MCDM-H® modeling

for flood susceptibility mapping of arid areas, tmastern Tunisia. Geocarto International, 35(9),-2017.



b buo Oyl

FIV-£1A0 | Kg mIM LS FIVT-EXYY gl bl

Homepage: https://jneh.usb.ac.ir

\F.¥ ).H ¥¥ o)l.o.& NF 0590 “;V.:..».‘o .‘a.»:u ub.‘ol:u s&.ﬁg}'; GDJ.‘: AJ:u

S 31939 Hf sl Gl (LB 4O (o jluo Sy SWL (g 05 419

aloyS bl g 0 109,y vy Juw

"yt ot e okl S oS Sle anbls (T S e azale 5 e suras
JJ) olKisls ‘wlc &Ll.n 0aSisly S Lixe os)f ‘A..i';)l wl.;..i’;)lf c\.._'>5,aT u..;la A

(J}i.m.c o_x;....iy') JJ) oKl ‘wlc égl.z.n saSlisls oy s 05; ‘)lﬁ..i.ila At

Qi oSS (e dapmre g (crds ailin 0uSiily ey Jaisrs 09,8 Lolisl Y
Jal) oKisls ‘wlc égl.z.n saSiisls Ryt o> as)f )Lual.‘;...;l At

US>

Ao OleMb|

Shacts, ol & amg pg 51 Gl 5 Pl 3| 2 bl 5 Slbbw sl
Moo aiile (So58 sla by, el ple Sl 03,8 CLiR BB e 1) odlw S50 (Sond g (S
Do oyl 4z gl 0590 e LOdew I AU slao lus | aile s DaeligS jo 4T glailssg,
i S ol ot Cin Jlb oS il it ellle 3,50 aihie o
b Sl 3 slocdm YU s L Ll il o el iy ling, 5 S als bl e olrsia
3 e Sy sloeles S by sy, 4z oo 0l Arlse sy,
g 00g Sldpg D Hlas slajlae ad plnil Ml g5 4 Colus g Sl Y g0 LB
s NDVI 5 S g5 s 605) pdedshi (lly; oz o Syl oF (ol slene 4w ol
Sloases Jolds 5 00g (olotrbgalasdl (oDl £3589 4 Colo slolone ol () ey S5
Slatsles (slafone 18] and (53,555 30 5 (6,K505 diged 3blia o igSns 3blie il Jor
4 oadoly sl b 3l 5l ol 2oy el pemalide o gy g (glws laibinl O ez
3 S b s st led Cald 55 el Cesday s gloales (WLC) (s 55 S5 s,
Sy b siblio b wlas g jhas  sloylSe b ol ools ablits O w485 4 Comwlus slojliro
o luwody gl ulwl jasl Cansdy M 485 41 Conlus slo )lre 51 Gy gl M (YL
51 18 O Sy adhaine o oadjlugasle gble jlas,s FA g g5,5las Lol 5l s o F
g Bblie 51 s b Ul 3l )8 egama il 9 555 s o 45 oo 51 oy Y mias
Sl oy, Jsb 5 fagkS VAY (ol 5 odle o fly Sl s b lolie ;s 5,%50,
Bblie ;0 OMew Hhaz 3l (6,5 o> sz wu o slro,lgs Slasl 4 Lo wwaslgsl w0 ¥V Jolre a5
oiblS gz (S e g S eaeal j0 Wilg e asdllae Cpl bl il eloinl - goladdl ulus

Sble o alie oldllas jo 50 ol 15 (g, g abl anils 0,8 O g e ol
g, e 500

gy dlis o £ 45

VEYLFY el s f b

VEX QY gl g f )b

VECYN Yt Ghpdy fyb

goals sleojly

oy Lama (g5 b3

Sey ey S e
&559 L] MLW u,a){...»:

ke, el e

30 o jlaoe Sy Glaales (6,8 IGO0 F-F) L aabls, g ol o g 40kl oS Sl amede , SB e, oamn (S eed 0bowl

YAXF (PN, b bamee Sl bl b8 linl gz o glailisg, i b slo,lsgs Ll blie oLile
DOI: 10.22111/jneh.2025.49125.2055

GNOIE

Ne e st e aebold oS Slez anbols a Sl je dsele (S b soaw ©

Ol 5L 3 QL.M' e olKisls :}.J)LS

Email: maliheerfani@uoz.ac.ir

(J}f.w.c OM}J) @b)‘: 4.7:,71.0—*



\F~\°ﬁ:‘\°\°wudfa),u@.rbb,__,a;)ljm;u "

doddlo

Sanchezr col LL3, o aell s b gloanld jsbay a5 el glsvgo] 6L oo 5l oM
lpiaew 5 Gladl Gplcww! b g Cawlus g Hhs & OMw S, (Garcia and Francos, 2022

il (55, S e O Ll (Pham et al.,, 2021s ls o Lil O £33 4 Cond S5lilipg

Sl g 090 oolitul 3lidps lopiio 5l o] Shomins Sz o5 00gy Gblie (K585 Jow 5 (5505 Jo

(Reisinger, 202Dl aisly cloixl - golaidl glo piio (6 pdscamn] Gl 4 (Dl £489 4

Sl olr 5 68 iladae o Sag; 9y 2 i U ol atils gl ) iz (Jow ) (26 LB (S5 )5
I3 el ooy Jow s Jdod g 4520 w9 ool b (Pathan et al., 203205 55 1o Jow Ol rals
5 oiSm) sleaSis § Bl ee Ll o)k abe waliee golamdl - clainl 5 (Sojpbon Jelse S0 4 5Ls
.Jenkins et al., 203%,ls golaidl Jolse olad a e
ssbts (MCDM') o )lassiz (spSommas (slagts, e Jhs Jolowigios cilize slaghs, olee o
(Pathan et al., 20323558 o ooliiwl jonl)lS § 5 dhte (o5 lin (5 S pueal dld 0 (loo s
Kongmuang et al., 2020; SouiSSHEL s 4 Caws (5 pds coml § Suasy (ogas 0 5l 00, Slalas
085 b o g, op! b @l., 2020; Pham., 2021; Msabi et a;l., 2021; Pattaal., 2022; Penki et al., 2023
Shcwd ady Ba OMw J,8 byl pwl obolle coz 55t Sldlas ) zuls Ll ol ouls sl
o (U)L.w &335 LY MLM.? 9 U)L...u lJa?) U)LH...' t_im)) LSLQ‘\JLM C.)l.».) )‘ oolaul ‘L}“'mjf u.t‘ ) 9)U"‘
FGrSolr Cuzr @ 2L 8] Glyiea laileog; an e il Cuz ol Bble ol
e 5SS 50 O B lipy 5 sloix] goladl Ol bl plo 5 S (Jbo was ol ls

Ubuf:s) 9 oosls
whliie lrgie dyz @enS byl ol pd cdn Jold plo)S plil agiz Giok adlle 9,50 Al
NQ!

. Multi-Criteria Decision-Making



*) w8l izl bl GLISGa )3 g e ¢Sy sl les 5,5

0 75150 300 Km
[ S —

Fa\ll
'/ Omamnda

ol 39 o cammdgo 5 andllao 3550 allaio 1) S

€889 4 Combuz g skt ¥ o0 LB 0 Sashioe S Gladled SWSTL lailbeg) e (SLOSS
&7 S0 ol e e ans ol 5 00y (3 lSps (Do St L5l sl lre S el D
E889 4 Cumle Sbo)lne el (o) oy JS3 9 NDVI 5 S g9 imhaw 62) s pduded (U,
2hl g 65835 digai Gblie ((SgSme Bblio (JigJor loaSed Jald g 039 (eloizk(solamdl « Mo
A8 (2059 sl eabad o (s @ g giles lilinl OMlew s slaales sl jlone Tl el (55 ,5LaS
A aslod Cold 5o el s @ s slaaled (WLC) (s (S35 a5 b9y & 55530 sl Lo (30805 5
b iblis b ol g ot claplSe b b ools ablis Ol g385 4 Capla slo oo 51 Ky o by Dl
] s 2 s 385 2 Sl (sl b 5 55 (sl Dl 5V S

S9zge e g Slalllas ulul i85 fow Bblio 9 DDl 585 abilo (cwyp b 3 Joo (295 (i el
ol

Sy dibate [0 oads jlugiclo 3blio jlas,0 FA 5 (55,0laS Lol 5 oo )0 BF sl s 4 gl ulul 5
ISS e Lol woyls )18 oogame (pl jo 58 S8 g Joo 4l Job 5l e ,o YT iores iyl 18 s



\?'?LJcf?a)uc\?a)jac@gbh:mﬁﬂjbum Yy

Jsb 51 yieskeS VAY cl s ogdle () Jgum) wiloads adly M St b gblie o 6,555,5 aigas 3blis
— bzl ol bl 5 M shas 5 6 pFslr Caz aiew @bro g Slaml 4 ks (bl slaailsss,
(¥ JS) @yl elaza]

600000.00

Legend

River
Boundry

101

Identified areas for the
river floodwalls

400000.00

0

Meters

300000.00

300000.00 400000.00 $00000.00 40000

SlailBog; wow s ,lard 5l yiiw! Cgr cawlio Gbleo Y S
Gl £95 SUSE 49 O YU Sy b (2198 Jobl cbuno 1) Jgu

2045 ol bl wo s (FoglsS) Job/ (HuS2) o> Luno

95510 51,8 Jlas 5 039uxe Ml b 9 wlas @bl S
A YAFYAN BAYFV/YY o jlwges Lo 3blie
v¥ VY -0/0 F0-Y/0 bl slaol,
N V1 OOTY VAFYAY/A 63a9LiS ol

Solbad g V¥ e v g0 b Slorls) (K35 Jow (ogaz)3 39290 SLMLI g Slalllas (Fu)b laosls 4 az g5 b
L oldlas ol o a8 3w 3blio ol plowl OMw Jlas (g5le Jow b e Lael V¥R (Lo ,S oLl
Sy90 o s gilwJoe Lol cplply g aiils SYL gl aslas cpl o odal Cawsd 4 OV ylas ais

28,518 a0t

S5 A g Sy
ssba (e s Jidodisa o i slahsy Gle 5o (Gieghy (nl 5o eslitul 9550 0 ysteniz b)) S,
O g Msabi «(Y+Y+) ) Kea 3 Kongmuan cldlas aileass solitw! (g S puoas alg o glos s
L olas a5 &5l oST Sllllas 4565 ol ;0 MCDM jog, o9 dul,lS 5 (Y YY) o, Ko 9 Penki(Y-YY)



3,90 ddlaie ;o iy, Hlab Has o Lae (p Page ool Cusd 4 s ol 5 abl o yols adlae s
Bbla 5 55,0laS Lol 5l g ben (pizmen .l Alaoui et al., 2018ullas L sillas a5 ol S casdllas
odgaze J& g Jo aSi Job sl G ogas 5 Wyl 18 O (gYL Sy o0guzme 4o 0ulds jlwgilu
a5k 5 axdllas 090 c0gae o liwl ladilBog, Jab as o ¥ools (18 sogaste (pl 0 j dxlllas 550
ol mls il lesmb golaidl ulus bl ;o s Sz 5l 6,55l gz anfw sbojlgs wlasl
Ol sl alils 0,8 OMws gl Ol palS Cum o poe s S preal jo Wilgi oo axdllas
Copde gy ilg e (g jlme S slawle 6,55 5 ihte algiiy L ol e &5
2l o Heo oty wilg o dol> gl auil ally siw Wy, 4 Cod (i 0,5 es (S
2 56 2l sk S (355 65 S a rizmes el glotal, anlllas eagazms Comer @ syl 5 Jo
D9 g0 Slgaiion @lide sl lxe 31 S 5L K0 sla by, 9 LASSSS LS o Ko sbls jo alin Ol

&l

YA 10,958 ety b1 g zaxeS (le,S bl 08 o Bble 4ais AT (Lo ,S bl (g st
Oyl ol g V- Jisiw palas 5l eslaiwl (VFe ) L e 0, 3T b ol Tloas pledl  Seo Lo (omady ol )3 ool Slowdes

Alaoui, A., Rogger, M., Peth, S., & Bléschl, G. (B). Does soil compaction increase floods? A revidaurnal of
Hydrology, 557, 631-642.

Jenkins, K., Hall, J., Glenis, V., & Kilsby, C. (28). A probabilistic analysis of surface water floask in London, Risk
Analysis, 38(6): 1169-1182.

Kongmuang, C., Tantanee, S., & Seejata, K. (2020pan flood hazard map using gis of Muang Sukhotfiafrict,
Thailand. Geographia Technica, 15(1): 143-152.

Msabi, M. M., & Makonyo, M. (2021). Flood susceplity mapping using GIS and multi-criteria decisianalysis: A case
of Dodoma region, central Tanzania. Remote SenSpmdications: Society and Environment, 21: 100445.

Pathan, A.l., Girish Agnihotri, P., Said, S., & &laD. (2022). AHP and TOPSIS based flood risk sssent- a case study of
the Navsari City, Gujarat, India, Environmental Ntoring and Assessment, 194(7): 509.

Penki, R., Basina, S. S., & Tanniru, S. R. (2029)plication of geographical information system-tshssalytical hierarchy
process modeling for flood susceptibility mapping Krishna District in Andhra Pradesh. Environmen&dience and
Pollution Research, 30(44), 99062-99075. https:6dyw10.1007/s11356-022-22924-x

Pham, B. T., Luu, C., Van Dao, D., Van Phong, Tguin, H. D., Van Le, H., ... & Prakash, I. (202E)ood risk

assessment using deep learning integrated with-oritkria decision analysis. Knowledge-based syste219, 106899
Reisinger, A., Howden, M., Vera, C., Garschagen, Murlbert, M., Kreibiehl, S., ... & Ranasinghe, (020). The concept
of risk in the IPCC Sixth Assessment Report: A sanyof cross-working grougiscussions. Intergovernmental Panel on

Climate Change, 15, 130.

Sanchez-Garcia, C., Francos, M. (2022). Human-enwiental interaction with extreme hydrological egeand climate
change scenarios as background. Geography andriumslity, 3(3): 232-236.

Souissi, D., Zouhri, L., Hammami, S., Msaddek, M, Zghibi, A., & Dlala, M. (2020). GIS-based MCDMH® modeling
for flood susceptibility mapping of arid areas, tmastern Tunisia. Geocarto International, 35(9),-2017.





