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Introduction

Flooding is one of the most dangerous natural disasters, encompassing
many global hazards (Das, 2020). Among these disasters, according to the
statistics published by the United Nations, floods and storms caused the
highest damages in the 2000-2010 decade, amounting to $21 billion and
$18 billion, respectively, in human casualties (AmirAhmadi et al., 2011).
The factors contributing to floods can be divided into three main
categories: climatic, regional characteristics, and human activities (Lotfi
and Jafari, 2012). Flood risk zoning maps effectively manage flood, land
use control, developmental programs, and environmental protection
(Hassanzadeh and Khajebafghi, 2017; Bichele et al., 2006). Numerous
studies have been conducted on flood-prone areas and the prioritization of
factors influencing flood occurrence in different regions.

In 2020, a study analyzed potential flood risks in Allahabad, India, using
multi-criteria analysis.
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This study considered seven criteria—stream accumulation, drainage capacity, groundwater level, land use,
runoff, slope, and geology—to assess flood damage risk. The findings indicated that 81% of the agricultural
lands in the region were located in flood-prone areas (Dash and Sar, 2020). In 2019, a study modeled urban
flood susceptibility based on the Analytical Hierarchy Process (AHP) and Geographic Information System
(GIS), focusing on the flood risk of the city of Xingguozhai, China. The results showed that the city center
was more vulnerable to flooding than other areas (Wu et al., 2019). In 2015, a study used AHP and GIS to
assess flood risk potential in the Heiyai River Basin, finding that the AHP method was consistent and
effective in flood risk zoning for the years 1960-2010 (Nikolova and Zlateva, 2017). In 2019, a study
investigated flood susceptibility in the Ajorlou Chai watershed using fuzzy logic. The results revealed that
most of the watershed's area was classified as having low, very low, and medium flood risk (Esfandiary
Darabad et al., 2019). In 2018, a study in Sari used fuzzy logic to prepare a flood risk zoning map for the
city. Multi-criteria decision-making (MCDM) methods were applied to the flood risk zoning, with the results
showing severe flood susceptibility in the center and south of the city. The final flood risk zoning map
indicated that 12.24% of the areas were in the very high-risk zone, and 37.05% were in the very low-risk
zone (Mahmoudzadeh and Bakoi, 2018).

Reviewing these studies reveals that flood risk zoning using GIS and AHP methods has been significantly
effective in identifying flood-prone regions. This research, using fuzzy operators as an innovative method,
focuses on flood risk zoning and assesses the impact of watershed management plans on flood risk. The use
of fuzzy models, especially in areas with limited data, significantly increases the accuracy and predictive
capacity of the model. Moreover, for the first time, this study investigates the effects of watershed
management plans on flood risk zoning in the Darmiyan region.

Materials and Methods

Study Area

The study area, Darmian-Asadabad, is located between 59°28' to 60°47' eastern longitude and 32°32' to
33°21' northern latitude. It is part of the second-order drainage basins of the Dagh-Petergan and Khaf
regions, located to the south of this drainage basin. The area covers 3073 square kilometers, representing
approximately 9% of the area of the second-order Dagh-Petergan and Khaf basin.

Politically, this study area is within the plains of South Khorasan province. The Darmian study area is
bordered to the north by the Sadeh and Esfden plains, to the east by the Birjand and Sarbishah plains, to the
south by the Hosseinabad and Khushab plains, and to the west by the Gazik and Avaaz plains (The update
report of the water balance of the study area of Darmian, 2016).

Data

In this study, the flood risk zoning map was generated using several criteria, including topography, land
cover, river morphology, hydroclimate, geology, and human activities. These criteria include sub-criteria, as
listed in Table 1, with their respective raster data and maps used for the zoning process. The following
introduces each sub-criterion:

Criteria & Sub-Criteria Description
Topography Elevation, Slope, Landform
Land Cover Vegetation cover, Land use
River Morphology Waterway density, Distance to waterway
Hydroclimate Precipitation
Geology Geological characteristics
Human Activities Watershed management plans

o Elevation Layer: This layer directly relates to flooding and was derived from the Digital Elevation
Model (DEM) with a 30x30m resolution.

e Slope Layer: The slope layer determines the speed and direction of water movement, derived from
the DEM.

e Land Form Layer: Differentiates mountainous and elevated areas from plains and lowlands.

e Geology Layer: Directly influences flooding and was obtained from the 1:100,000 geological map
of the Geological Organization.

e Distance to Waterway Layer: One of the major factors influencing flood damage is the improper
use of waterway buffers. This layer was also derived from the DEM.



e Land Use Layer: Land use influences floods in various ways. Any activity that reduces soil
moisture and permeability increases flood risk. The land use map was obtained from the Department
of Natural Resources of South Khorasan at a 1:50,000 scale.

e Vegetation Cover Layer: This layer classifies vegetation based on type and density, obtained from
the Department of Natural Resources of South Khorasan.

e Precipitation Layer: The most important factor in the hydrological cycle. The precipitation data
was obtained from the local meteorological organization for the area, using 30 years of rainfall data
to generate an annual average precipitation map.

e Drainage Density Layer: This layer is inversely related to flood risk and was derived from the
DEM.

e Human Activities Layer: This layer includes the locations of watershed management projects (such
as stone-mortar structures, gabions, earthen dams, and spillways). The location coordinates of these
projects were processed using buffer zones and then converted into raster layers.

Weighting Method

Evaluating the various criteria involved in flood risk zoning is part of decision-making. For this, a multi-
criteria decision analysis (MCDA) approach was used, which includes various methods such as the Analytic
Hierarchy Process (AHP), Analytic Network Process (ANP), fuzzy methods, and combinations of different
techniques. This study applied a hybrid AHP-fuzzy method, initially proposed by Chang in 1996. The key
difference between this method and traditional AHP is the way weights are assigned to criteria and options.
For determining the weights of the specified criteria in this study, a questionnaire was employed. The criteria
and sub-criteria were first identified through field studies and a review of previous research. Then, a
questionnaire was designed to compare the criteria with each other and the sub-criteria within each category.
In AHP questionnaires, unlike typical SPSS questionnaires (which often use a 5-point Likert scale), there is
no reliability index (e.g., Cronbach's alpha). Instead, the concept of inconsistency is used. The inconsistency
ratio indicates contradictions and discrepancies in the pairwise comparison matrix. According to Saaty
(2012), if the inconsistency ratio is less than 0.1, the matrix is considered consistent and acceptable. After
completing the questionnaires by experts, the validity and reliability of the survey were verified using the
inconsistency ratio in the Expert Choice software, yielding a value of 0.04, which is acceptable as it is less
than 0.1.

Framework for Design and Implementation

This study aims to provide an appropriate assessment of flood susceptibility for the Darmian study area. To
achieve this, the factors affecting flood occurrence in the region were identified, and a system expert
approach was used, including field studies (questionnaire surveys) with specialists from various fields such
as water engineering, civil engineering, geography, geology, environmental science, rangeland management,
and watershed management. In total, 25 experts participated in the survey. Moreover, to address uncertainties
and standardize information, crisis management guidelines, field studies, historical data, and related research
were consulted (Behrouz, Ali-Mohammadi & Attari, 2019; Malazahi et al., 2019).

Results and Discussion

Flood occurrence depends on various factors. In this study, raster layers of elevation, slope, landform,
vegetation cover, land use, precipitation, waterway density, distance from waterways, geology, and
watershed plans were used within six main criteria categories: elevation, land cover, hydro-climatic factors,
river morphology, geology, and human activities. The weighting of these main criteria and sub-criteria for
each category was carried out using the Analytic Hierarchy Process (AHP) in Expert Choice software. The
final weights for each factor and their hierarchy are shown in Table 2.



Table 2: Final Weight of Factors Used

Number Sub-criteria Final Weight
1 Waterway density 0.288
2 Land cover 0.205
3 Watershed plans 0.146
4 Land use 0.103
5 Precipitation 0.103
6 Distance from waterway 0.072
7 Landform 0.034
8 Slope 0.021
9 Geology 0.021
10 Elevation 0.007

According to Table 2 and the results from the AHP analysis, the waterway density criterion (0.288), land
cover (0.205), and watershed plans (0.146) were found to have the highest importance in flood susceptibility
in the study area.

Since raster maps of elevation and slope were already available, no changes were needed. To create raster
maps for landforms, vegetation cover, land use, geology, and watershed plans, each factor was assigned a
rank based on its importance in flood risk. These layers were then converted into raster maps using the
"Feature to Raster" function. The waterway density map was generated using the "Density" tool from the
river layer, showing the waterway density for each pixel. Additionally, the distance from the waterways map
was extracted using the "Distance” tool from the river layer. For the watershed plans map, the impact area of
each structure was determined based on type and disaster management standards. The area of the large
earthen dams was considered larger than other structures. Then, using the "Distance" tool, pixel values were
assigned, increasing as the distance from the influence area increased.

After creating the raster maps, to normalize the pixel values, they were fuzzified using the "Fuzzy
Membership” tool. It should be noted that while some criteria have a direct relationship with flood risk (the
higher the pixel value, the higher the flood risk), others have an inverse relationship (the lower the pixel
value, the higher the flood risk). The maps for elevation, slope, landform, land use, geology, precipitation,
waterway density, and vegetation cover were fuzzified using a direct relationship, while the distance from the
waterways map was fuzzified using an inverse relationship.

Next, the weights obtained from the AHP method in Expert Choice, through questionnaires, were applied to
the fuzzified maps using the "Raster Calculator" tool. To assess the effect of watershed plans on flood risk,
two series of weighted maps were created. In the first series, the human activities (watershed plans) factor
was included in the flood risk zoning process. In the second series, the human activities factor was excluded,
and its weight was applied to the two most important factors, precipitation and waterway density.

Finally, to create the final flood risk zoning map, a fuzzy overlay operation was performed on all the
fuzzified maps using the "Fuzzy Overlay" function. Two flood risk zoning maps were generated: 1-
considering the effect of watershed plans and 2-the other without. Figure 1 shows the flood risk zoning maps
for the study area.
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Figure 1: The final flood risk zoning map with watershed management plans and without.
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Comparing the flood risk zoning maps with and without considering watershed plans indicates that the
western and northwestern regions, where earthen dam structures are most used, show a significant reduction
in flood risk due to the larger reservoirs of these dams compared to other watershed structures. In these areas,
with the removal of these structures from the zoning process, regions with low-density pastures, relatively
high precipitation, short distances from waterways, and dense waterways transition from low-risk to medium
and high-risk zones.

In the central regions, due to the dense waterways, short distances from waterways, and weak vegetation
cover, and in the northwestern regions due to dense waterway coverage and elevated distance from
waterways, the flood risk is notably higher. The southwestern regions, due to high precipitation, elevation,
weak vegetation cover, absence of watershed plans, and dense waterways, and the southeastern regions due
to waterway presence and poor vegetation cover, are also in the high-risk flood zones.

Moreover, the cities of Darmian and Tabas Mesina, due to being located in the red (high-risk) zones, are at
significant flood risk and require appropriate infrastructure and facility placement to mitigate the risk.

Conclusion

Flooding is one of the most destructive natural events. Flood risk zoning is one of the most effective methods
for controlling this natural phenomenon and identifying appropriate management strategies to mitigate its
impacts. This study, by integrating fuzzy models and AHP, not only determined the effect of flood-triggering
factors but also assessed the impact of watershed plans on reducing flood risk. The results showed that
waterway density and vegetation cover had the highest importance, while elevation had the least effect on
flood occurrence in the study area. Flood risk zoning maps indicated that the western and northwestern
regions, with watershed plans in place, became low-risk zones. Removing these plans shifted these areas to
high-risk zones, emphasizing the effectiveness of watershed plans in reducing flood risk. The study also
found that the southern region of Darmian was safe from flooding due to its land cover and geological
characteristics. However, the cities of Darmian and Tabas Mesina are located in high-risk zones, requiring
careful planning for infrastructure development. Future studies could explore the effect of reservoir volume
on watershed structures and the potential for artificial recharge of groundwater in the area.



i

dloxo
wbld 9 Q'S.“?T

VANTE Slmis AT obouli g 5l Jal oyloh cpay 0

d 10.22077/jaaq.2025.8580.1084

638 sl ,Slos 3l ooliiwl b Juw £ 989 s (godadigy 50 (6,10 jusl sz b il awy

(ko yo Fldlao 05gux0 1 60 )90 axfllao)

Y abl i (53Y93 dosme |7 a0y 35y VB Ris yls

Ol iz s i o oKl ((65,5LiS 0aSiiils (ol cwdige g pole 09,5 ol wdige g pole (550 (gemiils L
Oyl iz o iz o o8l (55,9l saSzils vl wdige 5 pole 09,5 ¢ Lusils Y

Hannan.hanafi77@gmail.com : Jsts ooy g™

ol

Gun b pol> ey iyl cdlBs goasie Jolge o 595 )0 o5 ol SWSE solagy Jow
Ll laoyd (Fldllao 03gumo 33 (53w yhs B )0 (g)lo5usl STyl S (o
Ailsog) $i9drg0 ome) g (Bl ng ol sl G I Gleghy il 5o el e
o o) P28 voud (W, e pj Ve g (Sludl glacdled g (cwllire) eedBl g yun
pas b 3529 Bpo 5 (ouilibimmo) ()l canlpl 31 alold canlpl o515 (polyl )5 (oaLS
e 30 Jlamo gy B (339 (e ysbiiody rired el ouds ool (5,105l Slag b S92r
2139p 55 53 AHP (25150 aluabus Jaloxs g (glaobidiow 3 (b9 31 S E953 35 HIS 5ili Jolge
959 b suisaigy (538 Gl I edlaiwl b e .ol oud solisw! EXpert choice
Lo 30 5 lojutl Gz b 0929 pas —Y g (551055l Sz b 928 ) il 93 50 s
b i iy (BLS uidgy 3 401l o515 slare 5 1010 (Li gl .ol 48,5 & )90 AFCGIS
Corodl (2 y0S G110 ofoeV (339 b gl Hlare 23 9 Sl (i il (51510 ¢ /Y40 9 +/YAA Gl
Gblun coluw o8 (L6 guli (rdomon .ailoads (asine axlllan 5 g0 00gaxo0 )0 Jow £989 50
AMAYFIYA & WEAVEIFY 51 ol s b 3blo g £o5+8/AY 4 FABSV/BL 5 oL LS b
b @ble g WYYYF /Y 4 1 1FFA/VY 5l bawgio yhas b Gblo colue g 00,5 luy Lials LS

sl 03,5 Ty 1391 ,LSB FFEYA/+Y a9 FAVYF/IA 51 oS ,has

VEYTAIYD 18l s ,6
VALY s dy B, U
NS TRVURENF

o jlganls

ws ] Sldas

i oo oo o
ArcGIS . suvay
slpo dhodes flo
e o (AHP)



31 oolaiul a4 v o lis Liegh mls ool oud
o Sla ganagy 5o oShe abde Ll )
W5 5 S5l Yore 6Ya5e clalo oly ads>
Y14 JLs (Nikolova and Zlateva, 2017) cuwl 054
SoS & g2l sl adg> (S5 (e
oo @l el 485 l8 aslllas 550 (551 Blate
Jowdly o ade> colue ST 6518 sbsS
Sl hugie 5 oS S S e
5 Ye\A JLs (EsfandiaryDarabad et al., 2019)
Glare | oalital b Dl (guiuaigy 4l angd SAeg%
s ol 5 el sad all o)l o5 sl s
Sl MCDM) Vojlassiz (555 peeas slobo,
ol ol 43,5 15 osliul 0y50 Dl sy
Ly ol s oz 5 55 0 50 D (5B e (SRR55
YYNY (o jhas go agy ol 4dd oeo oo olias
YVI0 5ok hs s gomary ;o ) gble o)
ol o5 kB sk sanag o ) gble we)s

(Mahmoudzadeh and Bakoi, 2018) aas s
argy Sllos 45 ams oo oLt oas plal Slalllas s
P9y 9 GIS) obdlie Sldbl piew biwg gon
Gble 9,5 Jattiv ;o (AHP) il alide Jlow
Ol el oogr Jhe slalade LB b 4 S few
% b Olyea 536 slaloe jloslial L G
slogsb b Ll 5 e Sl sanay «
s 51 ooliiasl ol a3l s ol oyl sl
Olg 5 C85 wgaze glaools b sblie ;o ofisa o550
wedse Gl s pSeta jobar | Jae it
Slpdl Jbendsl sl Gy ol 5o ol » esdle
adhio )0 O Hlas gonaiy p «5)‘°}#591 slez b

o] 0 R QL».A)Q

L sig) 9 dlgo

axfllo 0 )g0 adlaio
Comdge ;o oblawl - yleoys ¥ oax o Sbllas osguze

4835 YV gax 0 Fe b addo YA 54> 0 09 L85
YV 54,0 VY B ado YY g ax 0 YV 5 3,5 Job

3 Multi Criteria Decision Making

i o el el b3l 5 Sl 5l S
(Das, 2020) 59 oo Jolis |, Sl Sllas 5l olac!
o lojlo 51onpinie ol Gk W3k oal o o
iy Yo Ve BYeee sla o ans o lagb o Jows
Yo o,lhe YA 5 Yo o)lle YV ol 4 |y Ol
AmirAhmadi et ) cewl 05,5 55 pin S5 4 ol S
S dus 4 s 0diygl 959 4 Jelge @l., 2011
Sl slacls 5 sladlaie Slogas (oldl : Lol
sasss (Lotfi and Jafari, 2012) 04 co (g
Supde g S (e Copde )3 Jow sl uaig
cbli> 5 lanwg gbadby (Bl slS
Hassanzadeh and ) ail oo S50 5l consjlaxs

oldllas (Khajebafghi, 2017; Bichele et al., 2006
5 odee Gble un gy ane) 0 ok
aibhio ;o few obml yo )"‘f)-:-‘l-’ Jelse (saucaglyl
5 e s ogilly 3holie 4 (slaslllas ;o YoYU
s oblal GBlbl o o lasais Jlov aies b
g @355 5l oolaiwl b megh cpl jo .l oad aisls
ol 515 adss el (b, aezs e s Lo
ol g ot bl (mey ) (iR
CJLA) Sl 00 o Ju.w MT JLo..}‘ R
Gle; dops A aS e e lad odel Cewow
Wlazd 5 18 15w odgame o dhaie ol (g3,9leS
o caegh ;0 YeV4 Jls (Dash and Sar, 2020)
ko ol anlp Golol et spdide
@GIS) T olilar SleMb! s 5 (AHP) Y 5l
oo l5ss) Ad Dl Jlas g cl ond Joe
3 S dlols mlo wlosls 1,8 asllas 5 (o) 9,50
A 3blie plo & o 93505 4 3550 o5 el ]
JLu.: MWau et al., 2019) el ).:)»Juwi ‘J?..; ).g‘ﬁ o
Jelos g, SaS 4y Sha ailsog, ase> 0 YN0
el Sledbl g 9 (AHP) 5l alid
oo adlhe 5y50 ads> (G5 e el «GIS)

! Analytical Hierarchy Process
2 Geographic Information System



OSar g i [ (516 (sloSlas jl oolisol b S £3589 ot (sainaiag 5 (s 3550 slagsb b )

OFSYsb 99,58 alsog; o)l by bagl e oM
had lacdlw 45 99, 0 Jladar Gle)s 03905a 39,
5 Syleer @y g f bl glaasla i,
o5 aldog, S oo Colae liilidl 5 5,8 o
S8 SLSB ssgazme o ol ppl oje> 5l gidu A 3
lelis)l DYy by, (Br8 8 Swz Geed )3 )l
5 JEo slecds Sl e Sl 1) esgazme Jled
5heolatl jelaiedy wlai oo Culbn lislidl 4 S35
Szl a0, wlas v ol ol o5l 90 mlis )]
gl 5l sylope,m bas eas ol 5 (Slb sl
S alls aes a5 Ol CaSo e baysadie 5l oolawl Sl
Lojle (pl .l ouds o218 Wo 5 o B s
Jbo 5o @l caSe o geles YV 555] oz 4 008
@S9y p ond plwl gl slaw)y iis
Ol 5l olo o pe A5 s s lid e slaailso,,
Iy el gylopoye BB ol sl dwye oo laojle

wos> slaodgacms 5l 5 485 I3 ek oye adSs
ade> al stz yo a8 Blys 5 05 2 3o Y Az s
il Sl 09l oo Cgaime el a5 15 5l
G Lo,® cwl mpe eghS YeVY Slllas oogass
Iy Blgz g B0 0¥ ax o ) Aog> Corlus a0

g e Jols
7 Shlllae osguse ! wbw Sloguds bl
ol g plelm gl Gl (Clo) sogaswe
sl hug Jlb 51 gleys Sllllas csgase
Loy 3,0 51 gaawl g caw (Sldlas cagae)
s byl syl i 5wz glods
25 g (3,5 Ceand Sl 5 ligs cds g bl
Rouhollahi etall., ) coul ool abl>! gl 5 G55
Iy addllas 5,50 dilaie odgame (V) ol JSo (2011

S0 oo ylid

ol Logos aslllas 3,50 ddlate b o aole

Sl sales o3l (SHL g98y loy yo L a5 sl Lad slaailssg,
g 59°30'0"E  59°40'0"E  59°50'0"E 60°0'0"E 60°10°0"E  60°20'0"E 5 50°0'0"K  60°0°0"E  61°0°0"E
:: s g‘
-4
E
R S z
z e =
5 s Z :
5 o z 5
N "% -
o :
7 = &
z e : >
£ : £ 4
4 & = =
=
z
z = S0N"E  60°0°0"E  61°0'0"E
2 &
'3, ~ 45°0°0"C  S1°0°0"E  57°0'0"C  63°0'0"E
& g |
]
z z
s ]
; z ¥ 4
z sl s F <
g F Z z
S B s msnius & = B
A o e oo [l 1920-1600 ‘ui a
R [] 1611-1929 : :
) B 1929-223 , = £
7 A ceshay W 2236-2717 z £ g
£ g = a
s e o e Wioin -~ 7 |z
A s g Sy B : ' ; ;
N 3 A
0 10 5 Wy | 40 60 a0, in e
R00E | 89°30'0°F  S9°S0'0E. SO0OE SPIC0E 600200 E. 45°00"E  51°0'0"E  57°0'0"E  63°0"0"E

S92 ol Ll 9 948 50 axdllao 390 03guo (2 LS i Cumdgo — ) S
Figure 1. Map of the location of the studied area in South Khorasan province & Iran Country.
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