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Keywords ABSTRACT
Flood risk potential, The current research aims at evaluating and zoning flash-flood-prone areas in
Physiographic the basin based on physiographic characteristics by the modified flash flood
Parameters, potential index (MFFPI). First, a flash flood potential map was prepared using
Spearman's the slope, flow accumulation, soil texture, profile curvature, land use, and rock
correlation permeability parameters by weighting the layers. Then, Spearman's correlation
coefficient, test and multivariate linear regression were established between the parameters
Ojanchay, and the flash flood potential map. A final flash flood potential map was prepared
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based on the results of statistical tests and the most influential parameters.
According to the results of both maps, the distribution of flash flood risk
potential zones follows the topographical conditions of the basin. Areas with
low and very low risk potentials are located in mountainous, which are not
suitable for water accumulation due to their high slopes. Areas with high to very
high-risk potentials of the flash flood are located in flat areas and around the
Ojan River because these areas are prone to water accumulation due to
topographical conditions (low slope).
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Extended Abstract
Introduction

Floods are among the most destructive natural disasters that cause huge and frequent human financial and
resource losses worldwide (Mishra & Sinha, 2020, 1). Flash floods are caused by heavy rains and the sudden
accumulation and release of runoff from upstream to downstream. These types of floods usually occur in
spring and summer due to the rapid hydraulic response of the catchment to heavy rainfall, which is the source
of many floods, especially in arid and semi-arid areas with high intensity and relatively short duration. (Badri
et al, 2016, 143). It is caused by the interaction of topographical, geomorphological, and geological
characteristics (Abuzied et al., 2016: 56). Therefore, identification and zoning of areas prone to flood risk are
necessary for sustainable development planning and protection of human societies (Farhan & Ayed, 2017,
719). The Ojanchay catchment is one of the main sub-catchments of Ajichai, which has experienced flash
floods in recent years due to human activities; one of the most unprecedented floods was in 2016. Therefore,
the current research aims to evaluate and zoning flash flood-prone areas in the catchment based on
physiographic characteristics, which is the basis of the modified flash flood potential index (MFFPI).

Methodology

In this study, to prepare the layers of the six parameters (slope, flow density, slope curvature, soil texture,
rock permeability, and land use) from DEM images (30 meters), geological maps 1:100000, soil texture map
prepared by the Natural Resources Organization and Sentinel satellite images2 was used. The MFFPI model
was used to determine flood zones. The FFPI model was presented by Smith to identify areas prone to flash
floods in the United States of America (Smith, 2003). The purpose of the FFPI is to quantitatively assess flood
risk in a catchment based on inherent land characteristics such as slope, land cover, land use, and soil/texture
type (Tincu et al., 2018, 594). This model was later modified and used in different regions of the world, which
is used as the modified flash flood potential index (MFFPI). The MFFPI model uses six physiographic
parameters to assess the potential hazard of flash floods. Each of these parameters has its weight and is
classified into five classes. Weights 1 and 5 have the least and greatest effect on water accumulation. The
weight of each parameter is calculated by the Raster Calculator Tool in Arc Map, and the final map of the
flash flood Will be extracted (Tincu et al., 2018, 596).

Results and Discussion

In assessing flash floods in the Ojanchay catchment, after preparing layers of six parameters, these layers are
classified (5 classes), and each is multiplied by its weight. In the first step, the flash flood potential map is
extracted from the aggregation of six weighted layers by the Raster Calculator tool. Then, in the second step,
about 500 random points are selected from the catchment, and their values are extracted in all six layers and
the flash flood potential map by the Extract Multi Values to Point tool in the GIS. The normality of extracted
data was checked by the Kolmogorov-Smironov test. The results showed that the data does not follow the
normal distribution, and the value of Sig is zero for all the data. Then, Spearman’s correlation tests and
multivariable linear regression were used to evaluate the correlation between the parameters and the flash
flood potential layer. The results showed a correlation between most parameters (Table 1). So, the three
parameters of slope, land use, and soil texture have the greatest impact on flash floods, and based on them,
the flash flood potential index map is prepared again.
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Table: Statistical results between parameters

slope Flow Profile Soil Rocks Land use
accumulation Curvature texture Permeability
Spearman's 0.818 0.132 -0.084 0.253 0.123 0.48
correlation
i MFFPI
Regression r 0.821 0.118 0.097 0.230 0.086 0.428
r2 0.674 0.014 0.009 0.053 0.007 0.183

Both MFFPI maps show that many human settlements in areas with slopes between 0 and 8 degrees are at
risk of flash floods. The villages located in the central part of the catchment and along the Ojan River, on
Quaternary deposits, are exposed to high to very high risk of sudden floods. On the other hand, agricultural
lands, especially in the downstream part of the catchment (east and northeast), are prone to high risk of flash
floods. The results of the first map showed that the areas with high and medium risk potential are 26.45% and
20.83%. According to the second map, the areas with high and low-risk potential are the highest and lowest
(25.84 and 12.69), and the areas with high and very high-risk potential (25.84 and 20.85 %) correspond to the
flat areas and alluvial plains.

Conclusions

This study used a modified flash flood potential index method to evaluate and zoning flash flood in the
Ojanchay catchment. The MFFPI model was implemented in two steps, and the results showed that the spatial
distribution of flash flood risk zones depends on the topographical conditions of the catchment. Areas with
low and very low-risk potential are located in mountainous areas, which are not suitable for the accumulation
of water due to the high slope. Areas with high to very high flood risk potential are located in flat areas and
around the Ojan River because these areas are prone to water accumulation due to topographical conditions
(low slope). Land use is changing, especially agricultural and pasture lands in the region, and the high slope
of the south and southwest parts and high areas, which cause the rapid formation of water currents during
heavy rain or flash floods in the region, is inevitable. The results of Spearman's correlation and linear
regression confirm this (the effect of slope and land use). According to Bayati Khatibi's research (2020) in
the study area, the height and volume of runoff have doubled in the last 20 years due to the increase in
cultivated area and changes in land use, and on steep surfaces, the occurrence of daily heavy rains causes the
formation of deep runoff with a large volume and flash floods in the shortest possible time.
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Table (1): Equations used for FFPI

Jow ooliiwl 5550 dlsleo
(Brewster, 2009) (1.5M+ L+S+0.5V) /4
(Kruzdlo & Ceru, 2010) (M+L+S+V) /4
(Ceru, 2012) (2M+ 2L+S+V) /6

bS5 o el ad T eadedlol adeas 13 45 C8 5 50 (Y2 VA) o, Kes 5 o505 Lawgs FFPI Jow oMol oy 51
SUIL Dl Joiliy (a3l lore a5 cunl a3, 10 &‘)‘6}:’)15/&?"}&5% (S (g de85 (S Bl s gLl
o 4 g aily ) 05 ol s sehl e eaizdel ol At 48 0,5 e 13 solitul 8,50 (MFFPI) oniioemeas
) SRSE Do Sy s o 9 T Sl 5 1) 8l (nyiiin 5 S iy @ 0 5) lags igd e sanakb

(BAF Y VAL Kan 5 555) (¥ Jgaz)as )l
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Table (2): The final score of each class used to calculate the MFFPI
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Fig. (2):The conceptual framework of MFFPI

e D3 o0 ]Sl SLSL oM Jusly 4 < Raster Calculator |1l o ouls 20059 Y jid auezs 5l Jol > 0 o
oSy (SE s iy Y 5 Y (25 50 0 Ll ppolie 5 oad Sl adge jf Solay abais 00+ dgu pgo al>ya 5
&slel Ggesl sl eoliiuwl b >l Seiwl slassls ogr Jle i .05 0 zl,5eiwl GIS lame ,o Extract Multi Values to Point tool 5
Lo o 0 pitio Wiz (s (50w ) § (St lapyge3] )T (olsl 2 9 005 (g, 2 SPSS 1531 035 10 By ansl -89 5 5055
Dl Jomsiliy g 4t ;0 yitn 518 150 b sl el b (s kel slagygasl gl b Gillas Coles )0 09 o0 plomil j55%a 153l 6 5

g go o0ls ZIBs SLSL

oy g b asdly

b ol
S oo eSaie | il (B S e e5 Cuale 5 wilge ol S Sy g 3l (liee 5 0558 00iiS e (LT o o -
é_'éls)o (YA YN\? ‘Q.f;;%) 50 ) ..\jlsng‘fl.; Ol Sl o o S o 29y Sllg, sl jo oL, Judo 4y o slous
b 5l ol e il ol s e 2alST L S s ok il S (slosdlas il s s 4 gelns bl
o Jole 536 byl sl OA YV (o en 5 SLID il (oo po2s have Bblis )5 5 Wil oo (iali8l 0l el b 3bLie )0

VeV



OlLed g pade (FLS ) (rrmsdoxo o ST M yhas gadsadyy 9 b))

bl il s GOS0 o 4z )0 O g allaie ol ads (e Ve DEM jloslinul b sly plrsl (SSU sleads 95 5o
Ve g oad o8 ol mead el Sy Giali8l 5o LIRS e 4 az 0 P BV e g ol b L (V) Jguz (2oLl
S 0, S e 13 WM a0 P U Y it gV 0 a0 AL ol oV S om0 Ve A ol 00,5 o0 I3

(Y JS) 020 o olaisl 093 a1, (B) jlitel o i a5 a8 5 & jgo Ol cltlil ax 0 Y B rcwd b (>lgs j0 a8

ki 4°00E AT°00"E 46°20'0"E 46°40'0'E 47°00E

& N ]
z | = z
o) g o =
Q e 0 (=) 0
B %:‘J‘ﬂ‘ 8 || 3

-2 CS)*“".P)')‘

-3 z i z
Z | mms :° z Valu'ﬁ. . s
5 5 5 m igh : 63 (<]
o | .S 2 o= 3
o °,s o Low: 0 ;
P LOB )

e KM e —— KM

036 12 18 24 o 036 12 18 24

46°20'0"E 46°40'0"E 47°0'0"E 46°20'0"E 46°40'0"E 47°00"E

Sz ooyl adem sl )10 (39 MY Al Ot el Al (YY) S
Fig. (3): A, Slope map / B, Slope weighted map
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Fig. (6): A, Soil texture map / B, Soil texture weighted map
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Fig. (7): A, Litology map / B, Litology weighted map
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Fig(10): The final flash flood zoning map based on land use, slope and soil texture parameters
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