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Article Info ABSTRACT
Article type: Flash floods are important hazards in water resourc
Research Article andenvironmentamanagement. This study aimexidentify flashflood-prone areas

in the Khiaochayvatershed and investigattge relationship betweespectral indices
and flood risk. Inthis regard, the MFFPI model was used as the main tool
to determine flood-pron@areas. The parameters used includkxgbe, flow density,
slope curvature, rock typeoil texture, andand use, which were extracted from
sources such adgdigital elevation models (DEM), geological maps, and
Accepted:09 August 2025 | remote sensing data. After classification and weighting based on the
Published: 22 June 2026 modified version of the MFFPI modetheseparameters were processieda GIS
environment, and a final flood hazamhp wasproduced. To evaluate threodel's
performance, two floodsecorded in2020 were examined, and ROC analysis
was performed to measurtne accuracy ofthe model. In additionthe relationship
between the spectral indices MNDWNDMI, AWEI, and LSM and the MFFPI
values was examined usirfgpearman'sorrelation test. The results showed that
the northernareas, parts of the center, asaine southern areastbie basin have the
highest risk of flooding. Thevaluationof the parameters showed that factors such
as low slope, higlilow density, low-permeability clay soils, concas®pes, urban
land use, and har@yneous rocks are effective in increasing ruraoftl flooding. The
analysis ofthe spectral indices also showduht the LSM index has a positive and
significant relationship with the MFFPI model and can be effectively used to
identify flood-prone areas. The AUC values for the two flosuidiedwere 0.73 and
0.72, respectively, which indicates thacceptable performance of the model in
predictingflood risk.
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EXTENDED ABSTRACT

INTRODUCTION

Flooding is a phenomenon that occurs owing to a suddesaise in river water volume or rapid water
flow owing to heavy rainfall, causing extensive damagtéoenvironment and infrastructure. Iran is
particularly exposed to devastating floods in its northiegions, and factors such as heavy rainfall,
improper watershed management, and inadequate flogtbtorfrastructure increase the severity of

the damage. Various methods have been proposedéut fisk assessment, including numerical and
data-driven models based on GIS and remote sensing TRiS)study used the modified MFFPI index

and remote sensing spectral data analysis to identifiesable areas in the Khiaochay watershed.

DATA AND METHODOLOGY

In this study, the MFFPI model was used to simulatehfldsod-prone areas in the Khiawchay
watershed. Figure 1 shows the location of the Khiawehagrshed in Bhutan.
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Figure 1: Location of the Khiawchay watershed in Adabil province and Iran. Source: Authors

The key parameters of the MFFPI model, including sléijp&y density, slope curvature, rock type,
and land use, were extracted from various sourceh, & DEM, geological maps, and remote sensing
data, processed in a GIS environment, and weighteddiogdo Table 1.
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Table 1: How to score the parameters of the MFFPI del (Tincu et al., 2018).

Parameter Parameter Weight Class Class Weight | Final Score
10-60 1 3
8-10 2 6
Slope (degrees) 3 6-8 3 9
3-6 4 12
0-3 5 15
0-1 1 2.5
1-2 2 5
Flow Density 2.5 2-3 3 7.5
3-4 4 10
4-5 5 12.5
(-49)-(-18) 1 2
(-9)-(-0.5) 2 4
Slope Curvature 2 (-0.5)-(0.5) 3 6
0.5-1.5 4 8
1.5-23 5 10
Sand-Clay 1 1
Sandy-Loamy-Clayey 2 2
Soil Texture 1 Various Textures 3 3
Clay 4 4
Clayey-Silty-Clayey Materials 5 5
Alluvial Deposits 1 1
Sandstone, Conglomerate Formations 2 2
Rock Permeability 1 Marly Formations 3 3
Limestone Formations 4 4
Igneous Rocks 5 5
Forest 1 0.5
Dense and Semi-Dense Pastures 2 1
Land Cover/Use 0.5 Agricultural Land 3 1.5
Low-Density Pastures 4 2
Water Surfaces 5 2.5

The accuracy of the MFFPI model was evaluated usabflood data and an ROC curve. In addition,
the relationships between the spectral indices MNDMDMI, AWEI, LSM, and NDVI and the
MFFPI model were investigated using the Spearmareledion test.

RESULTS AND DISCUSSION

This study investigated the factors affecting tloeusrence of floods in the Khiaochay watershed
using the MFFPI model. The findings show that tlope of the land plays a key role in the formation
of runoff, such that low-slope areas are proneuoff accumulation owing to their high water
retention capacity, whereas in steep areas, thervilmw becomes more intense. In addition, the
density of flow in waterways significantly incredsthe volume of runoff, particularly in the norther
parts of the basin, where the main waterways wereentrated. The results of the soil type study
showed that clay soils with low permeability hacd thighest potential for flood production. In
addition, the curvature of the slopes affects theoff pattern, such that concave slopes are prone t
water accumulation and increase the risk of flogdirand cover and human activities also play an
important role; urban areas and wastelands havaigtest flood risk scores in the model owing to
reduced infiltration. Finally, flood risk zoning @lved that the northern areas and parts of thealentr
and southern basins had the highest flood poterii@mining the accuracy of the model using the
ROC curve showed that the model has a good abiliigentify flood-prone areas.

CONCLUSION

The results of this study showed that flood riskha Khiaochai watershed varies under the influence
of factors such as land slope, flow density, sgikt land use, and geology. Low-slope areas wé cl
soils in the center and north of the basin hadhibhest runoff potential, whereas higher areaséhad
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lower risk owing to the high flow velocity. The sprl indices also confirmed the direct effects of
soil moisture and vegetation on flood occurrendee @valuation of the MFFPI model using the ROC
curve showed that this model performed well in @t flood-prone areas.
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1. Analytic Hierarchy Process

2. K-Nearest Neighbors

3 - Flash Flood Potential Index

4 - Receiver Operating Characteristic

5. Area Under the Curve

5. Normalized Difference Vegetation Index
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1. Evidence-Based Framework
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1. Digital Elevation Model



vy VFel 3ud oV o lo o Lol FA o)Ll D 090 (b buzxo Ol bl

g YoVl VNY lagu, by ooloz, lacdlew I 9550 90 (Jow <o b)) lp al adgi oad 2059
S ali (ioren 0l oI ROC s 5l oslainl b Jow o,Shes g <d)5 )13 cwj 0,50 YoV </ 5[0 F
LS 5 L cush, 5 o] mlis saslis a5 NDVI 4 LSM™ .AWEIT NDMIT MNDWI' il b
5 buasls ol slasals Ldow g zlsal sl Sl 565 s 0 A s lojlgale polar 5l caiivs
= Bg,550lS g0yl 5l eoliiuwl b osls yogs Jlop 5l licebl G sl sod oolaiwl Mw g
Sy50 iy ] (Smrad 3051 51 ooliid L MFFPI Juo 5 ik sloasls 51 S 1o oy Ll ebsipran]
W8S R

MFFPI Jowo

U Ozl sl @28l sy (Vo VA) () ad g 585 Lawsgs a5 ool FFPI oo onispdlol asens MFFPI oo
6)-.')[5/()'3"’} o g Soew Gy dgds S sl csls bl ‘ng.):? p_ﬂ).' RN )""")L' g Jelis
ool ol s )5 3y 5 ATE Dl oilty ) sl eals lpiens o il )
oa1a00lad i B 4 B g ) lagjg g o samall (WS @iy )3 5 039 993 pgate ()9 il Sl e
AV NA 5ot g 9555) aiied ST Dlons 585 Jomailiy azats 3 5 ol il p b (it 5 2aS
sl oy &L MFFPI Joo ol ol )l 235kiel 055 ) Jga 5o

YA o)y Ka g 6505 MEFPL Joo (b ol yl 23 jsiol 095 1) Jguar

W 5Ll b 58 (339 A ok 539 Folyly
Y \ Se ).
2 Y VeoA
a Y A-F Y (a2 )0) s
Y f gy
VO o A
Y0 \ -\
o Y \-Y
Y/o ¥ Yoy N ol o515
Ve ¥ -t
\Y/O o -0
Y \ EYA-(-%9)
¥ Y D)-(-+10)
3 v (= 10)-(=+10) Y aold Ll
A ¥ —+[0-\1D
\- o VO-YY
\ \
Y Y el
v v il \ S bl
. . oy s slacil
s > IS o olge — (e (o)

- Modified Normalized Difference Water Index
2. Normalized Difference Moisture Index

3. Automated Wetland Ecosystem Index

4. Land Surface Model
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