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Extended Abstract

Introduction

Flooding, one of the most common natural disasters, poses a serious threat to ecosystems and human safety, with factors such
as heavy rainfall, rapid snowmelt, dam failures, and poor management of water, soil, and vegetation resources worsening its
impacts. Over the past two decades, approximately 2.4 billion people have been affected by natural disasters, resulting in
economic damages amounting to $2.97 trillion. Among these, human-related factors such as reduced permeability, construction
near riverbanks, and alteration of water flow paths have played a greater role in intensifying flood damage than natural factors.
Accurate monitoring of floods and assessing affected areas are of significant importance. Flood zoning is a practical tool that
plays a crucial role in management planning. Today, the combined use of optical and radar imagery can provide more
comprehensive information. This study aims to effectively utilize Sentinel-1 and Sentinel-2 satellite images in conjunction with
the Google Earth Engine (GEE) platform for flood mapping and vegetation indices in the Germi and Ungut counties, which
have been impacted by flood events in May and June 2023. This innovative approach enhances the accuracy and speed of flood
detection and offers a scalable solution for managing flood risks in vulnerable areas. By leveraging the latest advancements in
remote sensing and cloud computing, this research contributes to the development of more resilient strategies against flooding
and is essential for regions like Ardabil Province, which are prone to irregular and heavy rainfall.

Materials and Methods

In this study, various methods were employed to identify and analyze flood-affected areas using Sentinel-1 and Sentinel-2
satellite data. Initially, Synthetic Aperture Radar (SAR) images from Sentinel-1 in the form of GRD (Ground Range Detected)
products were utilized, which can capture images in all weather conditions and at any time of day. These data were derived
from the C-band and Interferometric Wide Swath (IW) mode for flood mapping. To reduce speckle noise, the Refined Lee
filter was applied, which removed random noise while preserving structural details. A threshold of 1.25 was set for VV
polarization (vertical transmit, vertical receive) to identify flood-prone areas, with pixels having VV values above this threshold
considered flooded regions. To avoid misinterpretation, areas with permanent water bodies were excluded using JRC Global
Surface Water data. SAR images of Sentinel-1 taken before, during, and after the flood (between April 1 and August 20, 2023)
were compared for change detection. Additionally, Sentinel-2 images were used to calculate the Normalized Difference
Vegetation Index (NDVI) and the Enhanced Vegetation Index (EVI) to assess the impact of vegetation variability from April
1,2019, to August 20, 2023. These methods effectively identified flood-affected areas and the impacts on the vegetation cover
of the two study counties.

Results and Discussion

In May and June 2023, the Germi and Ungut counties witnessed unprecedented rainfall, which led to severe flooding. The
results of the interpretation of Sentinel-1 SAR images showed that about 185.83 km? were affected by flooding, which is
equivalent to 9.01 % of the total study area. Before the flood (April-May 2023), the mean NDVI and EVI respectively were
0.25 and 0.18, indicating a significant decrease in vegetation cover compared to the reference year (April-May 2019). This
could be due to land use change, drought, gradual destruction of dense vegetation, or other environmental stresses before the
flood. At the time of the flood (June 2023), the mean NDVI and EVI reached 0.22 and 0.15, respectively, which are the lowest
levels recorded up to that time. Only seven percent of the area had healthy vegetation during this period. This decrease could
be due to the inundation of plants, destruction due to the intensity of the flood flow, or the covering of the soil surface by
sediments. After the flood (August 2023), a more severe decrease in vegetation status was observed. The mean NDVI decreased
to 0.15 and EVI to 0.1, and only about 2% of the area remained with healthy vegetation. This decrease may be due to severe
soil degradation, erosion of the fertile topsoil, and reduced vegetation cover due to seasonal conditions in the area.

Conclusion

This study mapped the June 2023 Flood and vegetation indices in two counties of Germi and Ungut, located in the northwest
of Iran, using Sentinel-1 SAR and Sentinel-2 data. In adverse weather conditions, SAR technology is an effective tool for
mapping and monitoring flood-prone areas. The combination of SAR data, the Refined Lee filter, and the GEE platform
facilitates crisis management and mitigates flood impacts. SAR's ability to penetrate cloud cover and provide rapid data access
plays a critical role in the swift detection of floods. Integrating this technology with early warning systems enables quicker
responses to floods, reducing both human casualties and financial losses. Analysis of the June 2023 Flood that occurred in the
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two counties of Germi and Ungut, with an area of 2064 km2, showed that about 185.83 km2 (equivalent to nine percent of the
total area) were directly affected by the flood. From an environmental perspective, the analysis of NDVI and EVI indices in
four time periods (one reference period in 2019 and three time periods related to before, during, and after the flood of 2023)
indicates a sharp decrease in the density and extent of vegetation cover in the region. The amount of desirable vegetation cover
decreased from approximately 269 km? in the pre-flood period to only 41 km? in the post-flood period, indicating the destructive
impact of the flood on the region's ecological structure. These findings emphasize the need for integrated watershed
management and strategic land-use planning. To enhance community resilience, it is recommended to prioritize and protect
vulnerable areas through strategic policies. Utilizing these results can help reduce flood damage and save time and costs in
foundational studies.
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Figure 1- Geographical location of two study counties in Ardabil Province and Iran

ol &8l s odlitl V= Jictiw A gy | Simgd ol
CalsS b pglal g )15 0)g) W Sl by &2 S
Cygods |y (aladlia g b 33l 8)93 w0318 by Y
GRD Jgameo gleodls jl om0 &) Sha pdaw o K,
ly it e (sla o sl o2lel g 0t g jacme; oS
= Jisiaw 00 oL JS 094 0 03lian] oM bl  olwlis
sl o yiwd > GEE yoolis)) 565 (gl ailob 35 )b 51
S g wal B 1) S el )3 (bl slaJlod (Sl oS
bl 5l )b padds (ol V=i sodly 5l osliwl oyl by
Peng etal,, ) cuol jlys8 5 oYL ddgh Cucdl 3l 03 fuw
2025
oy (oyglaen ol b jlen 5l V- Jusiw B)lenle
b ols sladyg)lS gy plaST &S WS e eslitl
5 Cuwl wyiwd > 1)5 Cowlgsyd> 4 Strip Mode :ulods
oxd (phb el Gble I VL 2909 b )by pgas
e g b weldl Bl il (lpy Wave Mode .cul
Extra Wide .54 0 odlatwl byd cundy g g (sbagXl
9 Pl b Shy (b, ln Swath Mode

2 European Space Agency

3Ll 3,90 yglai g oIS (5 9lRen ~Y-¥

S dew (o) p -Y-Y-)

Fom g S8 adate ooy (sl V= Jistion pglas I odlatul
Sagby) Sl ppal 93 opl Gl A48 dug g Jow £95
@ sloodgie gzl ke
Slasdllas ol 45 ¢ wlsl e (Dodangeh et al., 2021)
Bagime glwlid CJB » SAR V- Joiiw (g)bly slasols
Vb o b oo ) oyl ol (GRD) ones
Lwgs &S Canl (g)ll) olamle S V= i .ol o oalaul
pobas o] sloodls g il axwgs T(ESA) L)l olas il

o] e o

Sl cwlio 9 YU 2909 b (0 o) ln 2902 B
(Rowland et al., 2024) .5 o Iyl Juw ol (sladol
2 (SAR) (souae 651,3L )]y yglas jI V= L glaodly
dod (o hppga clblB Ja & Slas JSis C wib
Jeelo o sl bibs p o lagd Ll
390 Jow ) padd g il 3 (SlodpuS Hobay (g yaild
Emadodin and Mohammad ) %5,5 . )8 eolal

(Ghasemi, 2021

! Ground Range Detected



YYA U YIY Olbxbo (V€0 € Jl.w A b)l.o.w © b)gb/sbguiu{ﬁ.\agd)u‘)dn Q)M/ngsbp Y4

Zloel I35 5l il el oS T glas) g rals (4l
e slals ) o sy gl 3 (puabliing S
platel 5 Il bagSl g0t g £g5 nl 29 e odlitl
03y ialS 1) y3guad CutsS WlgS o g o ol SAR y30lai o
Oibok 5> (Argenti et al,, 2013) w8 lgds |y o] uds
il S oS Refined Lee yild i JSuie oyl o ade (ol pols
bis el yild ool 05 o3l g oo Cgmote bbby (ke
Soue |y lyuss Judoo €8 g 00 o (53l Sl g laad
(Singh and Singh Rawat, 2024) sisy »

SSbj) e GHle S a9 Vit
P95 9 (WS o S ©pf Gy Jlod 4 g Sl o lale
(W0 S8 3 G &y g 4 Jlads Sl 0lgmle o5 Sloj)
P Rga 8 395 o0 (s Oygoind NS (o S0y pga
Vgoan (35 ol sl 018 b fubyn 22 13 5 (loj 42
i e Solie ol 5 b St 0 (sl
whilpe e (Lillesand et al., 2015) siwd peuwlo
Sr9pd s Soodls (ialS jglated; adlllas 390 dilate bl
0355 il ) sSole 35 e oy, <85 il
odlil b (o3l (ol (clmodgs ¢ oodld sla b Juw j b
515 e YIRC  xbw ol ke sbbodh acgeme
ow V-Juiiw SAR yolas jl(Peymankhah et al., 2023)
Mgy 5l 8 Judoo g im0 sl VFY o3 ¥ g gyl VO
w355 (el VY a3 Yo 5 ¥ okel Condds pglias g Juw
) Jgier) 18 oalizaal Joww 3lazg) 51wy el g
25 odltwl  Sloj 53L aw 1 SAR ysbai ¢ Juw Juloo (gl
(VFY gl Vo B (029)9)8 VY) s £989 5 18 89
o 8929 (V¥ 2b 3 ¥ B A) Jow £985 b lojion 890
(Y J9as) ol oads 8, (VF=Y 01300 YA L 15 ¥A) Juws £589
ailsio > Jow £58y s ol 1 (olog cslaogt ol ol
2 ey g S Slyis oy ol Ban g 85 ploxl
g1 s 3155 51 g ol Sy 5 Lt olo Sy dliols

S (o ol 1) (glod S gy 5 Cal Jlonsl (Lo blie
cdls 90,8, Interferometric Wide Swath Mode
Gl Jow g)bpaid aler o) godp)l8 sl
&y opg ygbar 31 clls (Yagiie-Martinez et al., 2016)
On ol Jdsa g 0l &ly 5o ej Slestun il
e 008 (6135l (lod S yobods iz ey 9 iy
A5 oolatwl cdls pl 5l pdls idgts 40 4S dgu 0 03y 484
ol &l ypgas el optin el V= istis 5)lsnlo
3 e i bl e il W
oz 3 Wl oo by Sl i canl () (et S5 15
(il cdly s o il Lyl HH () Jols Cilisen o (oS 3
(83308 Juyl :VH (¥ ¢ g350e il ys ¢ 88l Jlu,l HV (Y
Jboyl ((g2908 il ys cs350s Jlo)l VV (¥ o< asl cadlyys
S 3585 Sos 2 S 5ol Glab 39 il 5
SHaaigg 9 el ) Sl ale 4]y ol 4S5 (o))
VV (gl b (Hamidi et al., 2023) &8 o by oo
o5 sl VH (gl g | polazel LB o el ol
i (gl 5 39 0 uSirte Ol s | (8 42 )0, JiS
Canl Caolio b JSin il 5 (50 Ol s ¢ o &y
(Clement et al., 2018)
sty 5385 syl it CUly, g9y il (e
Bt Ca o 4y o Sl o o Jiee 31 Ml gl s 25
blie 15 jasuie (gl VYD bl 248 ases ol plie
ol & B> by by S s 45 o el 35 o
5k it > Lo 51m LS 5 005 e LB b sus s o
L VD wile gVl bl Y bl (b oy 3blo
b lacadd wile _pnbs (3blie )3 A5l casbio sl (oo yse
bl (Bl (San VY Wlo (g 508 Hlade (5y0lisS (sl yue
VYO 3 ke JeSe o VV i ST m VYO il
Singh and ) 595 e 48,5 )55 )3 s olsises JuSy o cadl
(Singh Rawat, 2024

V- w50 oolaiwl 880 p glad wlasio —Y Jguar

Table 1- Specifications of the images used in the Sentinel-1
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Table 2- Specifications of the images used in the Sentinel-2
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Figure 2- Flowchart of flood zoning and vegetation assessment using radar data of Sentinel-1 and optical
data of Sentinel-2
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Figure 3- Maps of radar reflectance and flood inundation (blue) for the Germi and Ungut counties
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Table 3— Results of assessment of total flood zone and the

affected population in the Germi and Ungut counties using
SAR images of Sentinel-1

Variable Value
Total area (km?) 2064
Total population (person) 76901
Total population (person _km™) 37.26
Flooded area (km?) 185.83
Affected population (person) 6913
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Table 4- Temporal analysis of vegetation cover based on NDVI and EVI for the Germi and Ungut counties

NDVI EVI NDVI and EVI intersection (km?)

Period Mean Area (km?) Mean Area (km?) Area (km?) Pe(f;e)nt
()
Reference time 0.42 1743.6 0.29 845 828 40
Before the flood 0.25 1063 0.18 293 269 13
During the - 994 0.15 156 155 7

flood

After the flood 0.15 294 0.10 41.2 41 2
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Figure 4- NDVI maps for four different time intervals
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Figure 6- Combined maps of NDVI and EVI for four different time intervals
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