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ABSTRACT

Floods are one of the most important hazards that, depending on the
intensity of rainfall and other factors, cause a lot of damage to urban and
rural areas. Determining flood-prone areas for planning to prevent it and
estimating the amount of damage for post-flood management is one of the
main issues of flood planning. Nowadays, the use of radar data is one of the
most recent and effective methods in flood study. It is possible to study the
exact details of floods and determine the extent of their expansion so that it
can be used in future planning. The current research is investigating the
zoning and estimation of flood damage in the agricultural sector in the area
of Aqqola city, where agricultural lands were damaged on a large scale in
the flood of 2018. In this research, using the NDVI index of Sentinel 2
images (images from 1/3/2019 to 15/3/2019 as the first time and before the
flood and images from 20/3/2019 to 20/5/2019 for the time It has been
selected after the flood and after obtaining the NDVI index of Centile 2
images in the Google Earth Engine environment and combining it with the
GFSAD system, the type of cultivation of the studied area was determined
based on rainfed and irrigated, and using the cumulative flood zone layer,
the areas affected by floods have been investigated according to the type of
cultivation. The results showed that out of 100% of the available land, about
22.5% of its land has been flooded, and of this amount, about 15.5% of the
rainfed land and the rest are irrigated land, and in the second part to estimate
Flood-prone areas FHD model was used in the GIS environment, which
determined the result of the flood-prone areas, and to validate it, a
comparison was made with the cumulative flood area obtained from
Sentinel 2 images, and the outputs showed complete matching.
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Extended Abstract

Introduction

Flood is one of the most prevalent
environmental risks in the world and one of
the environmental hazards that can harm
human society, life, and property. One of the
key problems in flood planning is predicting
flood-prone areas so that planning can
prevent it and assessing the damage to
management after a flood.

Due to the climatic conditions, topography,
and geomorphology in many areas, Iran is at
risk of this natural disaster every year, so
more than 80% of the cities of Iran are
exposed to floods. Official statistics show
that Golestan province has witnessed many
floods. The floods caused heavy damage to
infrastructures, buildings, and residential
units, so the damage caused by this natural
disaster remains in many rural and urban
areas.

Today, the use of radar data is one of the
newest and most effective methods in flood
study. The exact details of the floods can be
studied, and the extent of their spread can be
determined so that they can be used in future
planning. The study area is about 50 km
from the Gorganrood River, which is located
18 km north of Gorgan. It is located at 36°
and 58° latitudes and 54° and 16° longitudes.
Based on the 2016 census, the number of
Aqqala households was 9498, with a total
population of 35,116 including the city of
Aq Qala and 44 villages that were directly
and indirectly affected by the floods in 2019.
The average annual rainfall of Agh Qola is
330 mm, which has witnessed rainfall equal
to one-third of its average annual rainfall in
about four days from March 27 to April 2.

Methodology

In this research, the FHD model based on
GIS software has been exerted to estimate
flood-prone areas, and the result has been
identified as flood-prone areas. To verify it,
a comparison was made with the cumulative
flood zone obtained from Sentinel 2 images.
Images from 2019/3/1 to 2019/3/15 were
selected for the first time before the flood,
and images from 2019/3/20 to 2019/5/20 for
the time after the flood, and the results
demonstrated complete compliance. NDVI

index, Sentinel 2 images, and the GFSAD
system combined with Google Earth's
engine, the study area's cultivation types
were determined based on rainfed and
irrigated types using the cumulative flood
zone layer, investigated the flooded areas.

Results and discussion

The image obtained from the difference
between NDVI of the two time periods is
shown the cumulative flood area in the study
area, of which 89233.59 hectares, which
includes the whole study area, 20204.91
hectares have been flooded. Of the 100
percent of the land in the study area, 22.40
percent has been flooded.

The highest amount of damage occurred in
rainfed lands. Of the total 62.98% of the total
rainfed arable lands, 18.78% have been
flooded, and 5.85% of the 33.53% of the
total irrigated agricultural lands have been
flooded. In this study, the FHD model was
used to validate the radar data. We compared
the two study locations with the maps made
from Sentinel 2's cumulative flood maps.
Also, we investigated the second region in
and around the city of Aq Qala to examine
the accuracy of the model, which included
two areas with two types of high-risk and
low-risk classifications for floods as an
indicator, the first area is in the northeast of
the area, which shows a low-risk area.

Conclusion

Sentinel radar data provides the user with a
high processing speed for checking during
and after a flood, but research conducted
before a flood is more crucial for crisis
management.

The FHD tool can easily identify hazardous
and safe areas based on the level of the
riverbed and around the river. In places
designated by the model as safe (east of the
study area), the lowest flooding was
recorded in 2019, And around the city of Aq
Qala, which the model predicts the highest
flood rate, the highest flood rate occurred in
2019. In the flood of 2019 in the study area,
out of 100% of the existing lands, about
22.5% of its lands were inundated of this
amount, about 15.5 percent were rainfed
lands, and the rest were irrigated lands.
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Radar data revealed that due to flooding in
April 2019, 115 and 107 square kilometers
of the study area were submerged on March
23 and 29, respectively.

Funding
There is no funding support.

Authors’ Contribution
Authors  contributed equally to the
conceptualization and writing of the article. All

of the authors approved thecontent of the
manuscript and agreed on all aspects of the work
declaration of competing interest none.

Conflict of Interest
Authors declared no conflict of interest.

Acknowledgments
We are grateful to all the scientific consultants of
this paper.



P [ 1ad 3Ld sia SialoT aloxo
[

"»"‘:'é—‘/l“ll Journal Hopepage: www.gps.gu.ac.ir

o 39 O Ol o 9 WEGT 1PN Jlo Mo b (3T Ao 9 30 Joww BB (s
Y S pglad l ooliiw! b 5 359Lis
Ol 855 plaadS szl ¢ Sl pole 0aSiils Ll i 09,5 =y Idlos dnouw
Ol (o558 cleadS ol&aily ¢ sl pale 0uSisly Ll 3> 09,5 —wﬁm 3gRunmo

saSe dlie ey
Sy Jaw dsitns Bl (oss Naud o oliws)y 5 (654 (o5 4 3L ol lus Q.Lo" 3)lg Wylud eSS &Gé\ Mo
3 Jew £939 31 dm Capte Glp s i o35 9 ol ) S5l can ipaaly Juiw FHD iyl &) S5
5 s S chly cslbesly ) oslinal g el el Lo 6ol (shol iluss AEA

g adle ) Lo 383 e (lgie ol M adllae 3 lasbey (05 S5
polo s 3,8 odlisal ol Sl s ST slacszayaabin 3 B3, pastial) o by
oS ol Y3l o 05000 5 (55,9l i 3 o il (0039 9 SRy (o2
gk > lodd S )lud e (xwy a3 (6))sliS Slae; WA Jlo s 53
G B YUY Gl 5l o) ¥ttt sglss NDVI asls 1 oslizl | pils
YAUDIY« B YNNI+ pyolas g oo £585 J| Lt 5 Jsl oloj clsisds Y- VUTND
poas NDVI [asls 36l cans @l s 5 col oxsolel Jow s oloj slp
aibie cusS g9 GFSAD wlobo b o] oS5 g ool &) J565 bse 1> ¥ s
s grozs atgg &Y Sl olital b g 05 asedio (o 5 o0 bl 2 adlllaod, o
by LS ol 3 )S awyp CudS ot 4y dngi L]y Wilodgy ond e jlod 45T laedgasre

. dL o &,
o 3 a8 Wlosds Juw Hlad ol sla e duoyd YY,0 D90 de350 (sipmej doyd Voo YR
3 g dledgy Jl cutS glapo; ilo g w25 CutS sla o) doyd V0,0 390 55 e e

(W 5b &b
S 1 o3zl GIS Lo 1> FHD Juo jl Jow dstne 3blio (o5 slp poo i YR
o b ol o cono g cal 0 e | s 3bolio ool Canddy azes
T ROl T S °’§“W)JM ghte T fo iy U
o ey o 2 9)3 a8 0l ploul aulie ¥ Jigin polad jl odelCansdy M (res N RYNNY

Sloaly lis 1 AY=3A

_ _ _ 1
AP (V) VF el bt il dloeo ¥ it spslecs ) oolital (65,508 i |
1

1

1

1

L http://doi.org/10.30488/GPS.2022.338247.3524

Email: s.emadodin@gu.ac.ir Jotne 02k g5 )



VEo ) lul ¥ Bylowd VY B g3 (Lt (3Ll ko (s ol oo AY

LY R

5 mls (Jawswe clyblse 5l (Chen et al., 2012:2) cuwl (g iy drols (gly (Jrococansj olyled 5| (S o
ool o Mo 5By 3 s Jolse plo 5 I S b &) My Dgpion ad 4 ola g 03,55
sl 3 cpl L(FA 2V Fe v lBnema) 395 ol b 1S53 3,8l sl Jlo g Sls wad ol s el 35l cvge
oobel  (Revellino et al., 2019:3) wm> JL5 356 cov ) .. g elainl (sjyslcS (odlazdl slaojes Llgi oo
VAV BN ol g olea g 3 )l sl @3l ol b (sFglgeesn] Clinios S jo Cldlas
CRED ) 551485 )),5 o] @l 3l g Jomw 13l Coond puiino pu b poiii—ane yobods i3 3,Lkie ¥ 5l i csdMe
lodgame 1> (o0 g Slowsl STye 8,5 15 W18 o o 303, £489 Cueal a5l (EMDAT, 2015
cov &S (Sl g oMs byt 6dgame 4y bgyye sbaddids ds cplply (V) e M) cunl (oMew
255 ely se s O b dblie sl b (izzen 5 dn 5 (Siaptaliny 0 Bl po i o )15 ] 8T
g oo (SN prtiall] (piaind puE g (piusno Al awdgd &y \19““ Mo sloeyluws (Ruzza et al., 2019:5)
4 oo e o (Sl 3 A0 o 939 4 L 1/ pdye b O wled (S5 il & dogi b puiin o syl
s 33 83 e 55 93 ol Am3on &5 e 553 OIS b oloj ) 5 45 25 o e S0 e
(Smit & Ward., 1998) 3555 o mradi &)l Joy 555 e 355150 olossl 2 (ogaloys 5 Gagals
oogelel G jlud (bl 105 098 o pll gale g s ©jlud 59y p DM Sas) Cu e M5yl
[(Nascimento et al., 2007:198) sl JSiio jlus e g Slgy (Sl oges (sla g pw > JHB] Jio
059 0l Al oo Ay Jla 50 (6L sy b &S sl 935l sizwias (sodld I ookl « oM (wypr s s, 51 (SO
2 Y OleMbl bosiow (ol 5l (golani ilosd Oy Las 4 alisee GBlual b as 55 D939 (goaxie (sbrosioniw
Jbe sl .cdhby Jow adllas & Glgice o] 5l ealiul b 4 im0 )8 lime HLis] )5 1) e pdaiw 390
Carrol et al., 2009: 295; Brakenridge & ) 5,5 pU )55 0 |y Cowdd o)lgale o Yo g jusdge yio YO+ yyglad
339 98 de (Sl gosld | oslaiw! slacans 3l (S aS sl dsgr &S5 oyl 40 L Ll (Anderson, 2006:4
3529 Olowsl 3 g 6 Lidgr Vogons Oow g8y b clajion 5 b a5l & a5 bl ool 3 ) iy
Oe) aw G pgal 4 )3 398 (oo 0zt & (e e (gunaboline iUl sl i s S le bl cal 551>
2929 S Jib 92 4 (ABlge sl pgbad cnl cnlpls 29 dalss (ABL s 008 g5 pgaT b g A5 AalgSS A5
osly cpl 55,8 eoliwl SAR 5 ol polias jl g oo ol Jidgr 2939 SSitie > (sl 090 dilgd cawlio 3l
5o:0k5 5l aladym g alom o Ol Lulud 53 6By sl oS e )8 sl | M adlllas cax lgice
)8 gyl e (Matgen et al., 2007:251) aad o j)8 Lo jLis] 5 o pdaw baylys 511, a8y CleMbl
4" olaai oSl de3g00ll (Shen et al., 2019:7; Ban et al., 2015:32) s o wbio JlK6 S8
oilo g Wy glodzey (b (Sl (gl jguiin b dunlis j> 4GS o gl Sl SAR yolas ) Lisyse (slaosls
gl | eSS dnw 55 9 SAR (sbaodls a4 o yiwd iol38l b diiiwds e oyl 0 asascio slag s <l
(Shen et al., 2019:9) 54 o3laul (5 03 S zlaw y Wodls oyl 5l 0a] 5 39, 0 Hail ] 3l Laoals

1. Synthetic Aperture Radar



AD e MEGT VFAA Jlos O¥lano U ) drnnlio g 38 Jaw LU men | comvlBiroine 5 cpdlslos

9\63)9% ..))5 D)l—aj}' 63)|9‘° 4 U|9;L§° Cl o.\_wrbbd L)l)"‘ 9 L)LQ» 9 c.la_w 2 Ja_w) Lt ]oL.v)l » PLY LS’L’JLE"
odlizl b aia sliodgl ol ddgs 1 1 YAy JIVN e cla o o 658, o)k olas, Y sl (V- V¥) o, Ken
51 Sllgy 4 iyl dwloe (sl SCS b, 5l lals awlxe sl bl 53,8 (¢jlwas HEC-HMS s |
pRLS—le b9y 0l | (ol N9y sl 9 iS5k gy Sk Gl Awloxe sl SCSasly Sl Sgia )
LS)L))JM.O.J Ls‘)" GIS M (e L‘:"M“"’ Cudd 6L{v)| A J.La @LA))‘ PN (Y'\V) u‘)&.o.!b 9 Ao f‘.b Ay 0k
099l Cawd 4 (sl gy ol 53,8 oMl CMew (ljue e (sl FHD ell Jao b jlog, adlate 5 0w
g paZde |y s Aldg) s | Gl & iblie Slgi e gy cnl b el (M slacie; (S
b oMo Hlisl Judosigay 155 ol ls sl (s 1 (YY) 48T o plesy S ol lid 1) Jow dxins bl
9 e S Carwg ol jelateds |y Juw slaasds wia'l bl  asl 5 GIS l3éle 5 9 SAR (slaosls 1 esli!
5% O B35 Jow (g a1 (Vo) OhlSen 5T clsSgym 00,8 Jiloio o5 ¢ Jow 589 (SsS (o> s
3 Ot ey 51l Bee e 51 i ol Lis ] (sl gy il V i slaodls jlooliel b zle Jsbo
Jlo 53 s Yoo o (Sl Sl b 5 Casl (ol 455 S5 5y (o alBg) 555 sl 035 Sl o) ¥
odelcawdds V Jiiw GRD pglias jI C b dlawlgas doeis oyl ool 1as (sla S5)b plin 3 sy ases
S pdiis (glyy aiadyad 3l SO lgieds Llgi 0 GEE )5 Otsu i sXl jl eolazwl L Sentinel-1 SAR slaosls

2,8 ookl Juw sl sl
0398 Jaw 3V S pglas I ookl b Jow & jlud aigy (o5l 85T 030,601 b (WW2Q) oy Ke ¢ Slesles
2 oS o Lo B odims lis cpl 9 0y kel cuej (sacuadly b el 10,6l a5 adl o ol S VYAA
)J| WP (\‘v‘\:\) u‘)&.o.b 9 ‘;7.5 .))b d«.«JLLub)yo ddlais u.,ls& 9 L9’L°) LRPFC I J.m) LSL&’C’)L“*$ ua.ou;)
S Sl g 935l o slosly jloslin Tl M (slading 2 39) (5,5 639, (Sujslsdyse saasli
s @290 Gl demme gl ) U (il G (gl gy oo s 1> lig) S 5 domti ol 4 851 o
olyod (Y55 (2L e 1)l (o8 Uizl gl o (olidgy oy (S So)Ipd )5S 4 dagi b 90>
Jolhis 13 A (023555 ¥ )l )2 eiomed 29 03810 ol (Bpd g g (B Jled 3blie o 4 M
phe Col lbg) s o8 Yl cend 5 Wlg) s o5 (250 (:Slie (295590 (Sl 9y b 4SS 5T sl g,
00 M3 51 (60 0395 )3 wlB3g, yiws j o)) )3 g ABdgy Ol o kel YU &y yorie &S 0ad O <8y
ol Y5 ol LS OYRA 35958 50 ME 51 Jw (o 30 (VFer) oows B oo 5 pillilas 3uis ol .l
S99 A)B-Js) @5)4\1 pis cddlaio fbs s ‘Ma o U'\":’ 2 gy A u.\o RVRW) uf'ﬁ)l'f cdilaio UJ‘:’ L;’M.A.AAJ
e £989 51 Dl i BB e 3l 2o Blaal 1l 039y bn y o5 i)l g ailsdgy (g9 52 5L5 sy

1. Choudhari

2 Rahman & Takur
3 Kendrapara

4 Hervé Kouassi

5 Tiwari

G kerala



VEo ) lul ¥ Bylowd VY B g3 (Lt (3Ll ko (s ol oo AS

)| b.)l.o.w.:‘l)‘_g))9u§ ubU).) L)] u)Lw.> L)’“’?Uﬁ MSLJ YYaA JL«: UMW L’ui MJLM 9)b>).’ bl )9.‘4.«.64)
ol ¥ it ppglias

S Sl

5 SRS Bble gigls S (o3 )l T 48393 oo i 398 (Lo | oo 1l (i 055y &1 oo
O3l e g aldg,y by (o3 ol Wb &S cl asg Juw b s a1y Sl Sl g Jle ol )Lus
laaids o p)lS n Feres J (So il dals o > Sl g Jle Sl g wboe il ojlatie pé g0 a
M (gding sdid . aSb o w2y aubls 13 1S o (Bl 5 S 05,45 dgus st O (g0 diny
2 ke g AboleMbl 5l (S e i cpl ojgpel s (g 205 CBaOM ot lagiagh )
331 ogls Jb 4y p9djl e ;3 (IFF 2 Ve e (GUWM) BB oo ogume L )3 Jlpee lag b slagiaggy
o3> @ p yads 9 (D313 Gl aledyd g GlojSy ) il lagsedsb 3 )9l @l S pgad
L By olas ioli8l 4 as g b sl sla Jlo 53 a8 o odliiwl calisee (gla oo )0 03 S jebdy cosdunS
935t (slmodls odliwl 4y (s iy dn gl olgm g Ol Slyus b L ye 0gally jglody a5l dlen
alises gloil @Baody 9 03yt § o yiuw > Jud &y 5 ol cpl e L odd oo Co e sladeliy )3 (glolanle
yobds Caw | 5See &5 o T dinj ol )3 ol 3 oLl ie SleMbl uimen g y93j] i wlaa > (slaodl
.(Boccardo & Tonolo., 2015:20) 545 (5,50 yo0 o)l 20 oy Ais)y8 caliseo Jolpo 5> 05all

2 85y o G 1) Slel b o el | musg jluas pdaw )3 Wesld gl Sl colils (glojlaals (ol
Giordan et ) 5,5 1,8 )5 HLasl 13w Lo (g)l5l Glaisa 2 b ol Co e ad & dups 4 L0 a8 (90 )lge
DB 15 i Ho35l iovus > SleMbl s mlio 5l (S Jiiw sWrodls (al., 2018; kumar et al., 2018
A 1 1) wlie slmodld dacMuw edlgs 13 o3g olon g o Lalys yo

OR9F 99,

b ool el 565 Lasme ) | oad oxlit | cposl &yl 15657 b yie bases 5 GIS l3dle 5 g3 5l o ls guiss )
GFSAD JleMbl ailobo 3l ool | b w5 pasuiin |y Jow (2000 (sloding Il ¥ Joiiw polad 3l eoliz |
OY ool L GIS 380 5 53 piored b pladl dddllasd jge 0395 (sla po) CulS £65 (10 )S adubo 4y Cauns
Slybl s e Ao 3blie (pai cos FHD elyl Jio 5 50 VY/0 cés L (DEM) elis)l 098, cleMbl
A5 ealawl a8,

YNUYN o, B Y VY o)l 5l Y it poload | oM (ne55 sladiny (p59] cwd 4 (sl o]
S QL] Juw 3l ams lo gl YAN/BIY B YNUYY slb g 9 e 585 51 i 9 ol oloj leisds
NDVI (o313 1 515 3935 (55y9luiS (sl ipe; dilaio plod 3 g 391 (b (sladlate M3 5] dilaie 4] e &
ham yolial j 2gu oo odlitwl (&LS ibe cos NDVI (adls e .ab oolitw] Jow jl dn 9 Jub polad (ol
ol ly S Jew 039d5e Ailg5 oo 03405 aLS b g WSl 4 B O 5l dilaie ad 0 g e 4 Juw

1 open source



AY e MEGT VFAA Jlos O¥lano U ) drnnlio g 38 Jaw LU men | comvlBiroine 5 cpdlslos

e9 slbang 9l s 4l BT )3 s pll cponl @)l J56S lame 5 Jalye opl (aled 45 AT e e
039350 w2035 4V b ol e85 b g cawl o oslize] GFSAD SleMbl ailolo 31 anlllaed ygo 0dg5t0 oS
35 pasede yS Joo ($5)5L8S

Gl S wlagy Sy o sl gy ol a5 ol sad edlitw | FHD Jae jl Jow dxtne (slaodgisme pund (6l
bwgi gy ol ol 69,y I JuSy po SHST S (ol 4oeis )03 3929 ye S 2908 (sjlne Jlite
(YWY o) Kad g aloes pllas) dgu5 o &5l)) ArcToolBox g GIS o I3l S &jgods g ol gll anl o Sl
=yl Jae Sy sla il el p BLLI slaodgase b 4809, JUIS yiuw glas,l M) ¢ yog, ol ubo
Wyl agy S JUE s l Sy 5o gl e cpl b 0o oo fyuass als yo nix 3 (DEM 12/5m) (o068,
DEM 5,45 jl L.»u(‘ &y SO and) Cwl 0adalon] JUI pis 4 3508 Cp> )0 yio YO+ Job 4y b ys
() JS8) e s 4y 1 JUIS Bl bl (clmodgase lis ) M3« (FE) yiws (poye (slag pous

(RO) wils54; yiuw

" ) 450 m et
S e 4 RE pixel pixels

(Y+ IVe ) Son g oo o35) FHD Jio (5l yiol b 51 Silowds (sl Y 0o JSu5

= et —

2t NDVI o sl o DEM1z5m gopl cos e
J S el ¥ ALOS i |
P [ A Jlos O3 e gy ~ 1
St | 9 5156 8 (o s
&l GFSAD sl b polas GEE ;5 Jui GIS 45 ;s FHD Jas sl
S5 g5 oyl S L

L sl s slo oy 5 i
S 5l Mot e gy
S

3o S glod .Y o lows S

1 . Global Food Security-Support Analysis Data



VEo ) lul ¥ Bylowd VY B g3 (Lt (3Ll ko (s ol oo M

axJllaod g0 839ax0
Gl 3 U8R as Jled (5y200lS YA 3 a8 canl 39, 5,5 Wi, 5l yioghS B+ dgas dalllasdyge 63g45xe
Egexayd 45 034 Hlgls AFAIA ME 5 (ol lgls 3w A0 Jlo (gyledp (olil o (¥ JS3) sl 48 515 lgem
25U o s pud g st WA Jlo 0w 5> 48 sl Liaogy ¥F 5 M35 o Jols g 315 cunen Ha5 ¥O,NNE
3l 2mls 39,8 Y b skl YV 5l 59, ¥ agas 53 a8 canl yia oo YV ME T a5Vl (S05,L (ke bilodgy Juw

Ll 0dgs D9 GYlo L):”)"’ L)AiJLA ‘eym.{\g. ):.l):.

53950'0"E, 54°0'0"E 54°10'0"F, 54°200"E 54°300"E 54°400"E
] I
Opl
2| TGS .
s L s s
= \ s LS
S ‘ 2R S
Lo )~
z z
S |2
£ s
5 5
z
0 35 7 14 21 28 =
-_— KM e
: S
53°50'0"E. 54°0'0"E S4°10'0"E 54920'0"E, 54°30'0"E 54°40'0"E 2
axlllaod g0 8395 .Y 8 lowd S
g sl

b oS g o (A

Ol g @y (obly Blgi e 03] e 03930 31 ST 05 &) e &y it lmodls o g S )l ()0
Ol s )3 1) jlsy9e SleMbl (Sae floj cpieS 5> Slgi oo (rizred 9 8L 03l Syl (e (055 (6l
hosie e 1 a5 ol (65,0liS” a0 p3 MBI WYWAA Jlo S 003)ly Sylud i yols sy amd )\
YOAUFND B YY) i 93 |y ¥ Jisther yyolins e o3g5ma el obplosl o] ) USS oy o 5
cle (05 F S5 ) Al Jasuin YN 0/V e B YNV Zo,b 5y o 5l am Sloj 039 yiglas sly g
D 39y 5e B FO e 4y ddhate )3 Ol dgng e 4 pgliad lojte g (SYsbo



A e MEET IYAA Jlow O b ] s o 5 3 o BLES cymatd | somolBiosme 5 o lidlos

SI1S0E S402007E 540250"E 40300 E S40350"E S440'0"E
z z
Y =
i &
5 5
7 £
LS
o] =
2 3
- -
z z
Y =
£ 15
i 5
] =

0175355 7 1055 14 )

- KM ® village
S°150"E 5402007 54250 54300 54350"E S4°40'0"E
Jaw 51 JB Y Jitw pg0a5 . F 0 lons S5
SIS0 5402007 S402507E 40300 E 549350 5404007
; ) ; ; ; 2
z r
e 5
& &
z z
z L=
=] g
£ £
z -
EY =
i A Fin
o Ll g
3 kS
nver
-
0175355 7 1055 14 .
[ = KM ® village|
S4150"E 549200"E 549250"E 54°300"E 54°350"E S4°40'0"E

o 3 an ¥ S 19005 .0 0o JSu

uMma LS“WOD")‘N)JM?)"QM' ul).«.o)| O)LQAM‘L’B(V9;JSM) o))siwbdul)w)l.\wjduﬁ@)b

dalaio )3 dg>g0 sl ples a5 Jloj U O w9, 3l 033, (slay S8, 50 ggame A S5 4 15,5 asciie



VEo ) lul ¥ Bylowd VY B g3 (Lt (3Ll ko (s ol oo

36°55'0"N 37°0°0"N 37°5'0"N

36°50'0"N

54°15'0"E

54"‘2(}’0" E 54°2§'O 4 54"3?‘0" E 54°35'0"E

54"40l'0"l41

z z
il i
& 5
£ =
e B4
3 z
& 13
£ =
* b

@  village
z z
s 0 2 4 8 12 16 4
= A KM F Low : -0/0351852 -§
& T T T T T T 3
Ll S4°15'0"E 54°200"E 54°25'0"E 54°30'0"E 54°35'0"E lﬂ’m’ﬂ"h‘—‘
J.:.w)l J@ NDVI ﬂyé.'i -; b)w J&w
54°15'0"E 54°200"E 54°25'0"E 54°30'0"E 54°35'0"E 54°40"0" K
L L 1 L i r

F

L=

) Ky

-

z

=

q g

&

-

Z

s

b3

city
®  vilage

High - 0/999436 z

0 2 4 8 12 16 |2

1 - KM Low: 0422369 [ @

54“]5"0“[‘2 54"21‘)'0"[2 54"25"0"E 54"3(;'!)"!1 54"35"0"5 -

Jaw 3l ax NDVI prg0ai Y 8 )lows S




a9 e MEGT VFAA Jlos O¥lano U ) drnnlio g 38 Jaw LU men | comvlBiroine 5 cpdlslos

54°l£f'0"E 54°1(!'0"E M°1§'0"E 54“39'0"]:'. 54"115'0"!-: 54“4(])‘0"!2

3795'0"N
-
37°5'0"N

z ¢
3 LS
2]

£ g
5 5
z z
z =
e Lo
£ o
3 5
3

0 1/753/5 % 10/5 14
- KM

54150"E 5422000 54025'0"E 54230'0"E 54°35'0"E 54040'0"E,

NDVI 2,95 95 S 1 odelcawddy (oYoww dige A 2 ylowd JS

5148 a5l oo dalllaed ygo ddlate ;3 M x5 039d5te 0aimd LS 093 93 NDVI GdMis! 5l sslcuwsy poas
0dgde JS o 0 YY/EY L Jolre o HliSa VoY ¥/ s | axlllaad ygo 039a0 JS Jolis a5 ,liSan AAYYY,04
g axlllaad ygo dilaie (sl ¥ i (b 0)93) Juadds fuad poliai 5l oslizwl b puizmed ol oad (S8 50T s
SleMb! 5l odlitw | b ool )l J565 Lo 13 o b ol S5 coladyd 9 byl 3l 0)90 10 NDVI o501 cow >
S wlwl y dalate cuitS 45 5 2]yl wascu USGS colw ) &S o Ve cds L GFSAD SleMbl ailobus
g9 o 3l adlllaedjge ailaie (6559LaS Sl CutS £ yine S sl )5 pasdie dihaie (9 (o b o
uY}.ADu 9 u.j cuiS L u.‘}.a..’x.n U‘?‘“‘cd" Ty J9..a..’>u FUERIEW) um'l.o ).:U&L:} uY}.a.Du LS'J 9 2 kS

Al e oaalie B A S )3 aS (52 CuiS SY guae laisdy g3 g puiS

SIS0 E S4°20'0"E 54°25'0"E 54°30'0"E 54°35'0"E

z
2
.4
&
4
£
4
-
|s
£
z z
- :
1 (8
e 2
-
i -

” B e e |
£ 3 gomna s
£ 0 2 4 8 12 18 . - e
g - KM - g

- S150"E 540200 540250"E 54300 S40350"E S20400"E

axlllaod g0 ddlaie )d CaliS £45 A 0ylows S



VEo ) lul ¥ Bylowd VY B g3 (Lt (3Ll ko (s ol oo ay

2 bl gy 5 ool dlawi oad pbl Slise 135L g ddlate cut S g5 SIS l odelcwws s cladd B4 drgi b
o A28 oz 1L g5 1+ S ) 3> 3y e (ot S b il § (oo 5 g, 5o
dibaie &Y g e cui S g5 SleMbl | sdalcw s ad 5 b ol oS5 g Jutiw polia 5 5l sdelcws s O
Voglas g 3 035 e 3blie conluns 48 (V) JS5) w015 S5 glolio o 31 03 e (3lolio adllass yge

PO W

0,858 cliwgy Bl,bl (3 oniS CuiS LY ¢ o lows JSUS

S4°1S0"E S200"E S49250"E S4930'0"E S4°350"E, 494007
- o ' -
£ i - e ey A | =
£ Py R r
1> A e T, -
i
z e i} £
s 3 -2
z £
- | "
Laial
sy,
z = z
s Ed
7 e L.y, Hie
v o
2 g b
-
I -
- o Y gana
z z
E e |
= 0 2 4 8 12 16 F2
§ KM B | E
T T T T T T A
54°15'0"E 54°20'0"E 54°25'0"E 54°30'0"E 54°35'0"E 54°40'0"E

835w (s a0 j 839850 .V Y 8 leuns JSUS



ay e MEGT VFAA Jlos O¥lano U ) drnnlio g 38 Jaw LU men | comvlBiroine 5 cpdlslos

SUSD G dallland jg0 83950 (£5,9LiS (1 o S lus SleMbT LY blowd o

S 2o b colue dilale (Slapyej o) S J5 coluw CuiS g5
03 o> 035 s asllland )50 Al )5e ddlaio

NG £av/YsS YIEA TVYISE =l et oo

/-8 YEYE/Y Va/+4 NN (&) A S sy

N\ VOSS/OYA VF/FY YYAAA/ -5 o ctS SY g plo

£y FAVY/-Y0 VY Yvaay/aa SV gare w3 CuiS slapo;

7 9 p5 2o

AAS Ya-A/YY- vV/50 YAYA/AQ w20 CuiS Y guasme plo

YY/¥. YA3AF/YA Voo AYYY/0] Colus ggaio

03950 y3 &S olape) do j3 Vool daye (68 Colua jl odelcuw s leMbl Jodo g ladi & 4 dv g5 b
0393 120 CuleS (lape) 4 03,9 oyl liae (i 4 Wlodd Juw Hld duo )0 YY/Fe 051 2959 dslllass g0
YYIOY 5l do jd OIAD § cbilonds (535w Hlad o )0 VAIVA (33 S (sla iy IS 5l duo j3 £Y/AA go00m0 I &S

Wlond o 5l (ol (6555L58" by JS Ao

EW5 1 WA olu! g axdllaod ygo adlaie gy phas slaainy

DEM 5,05 b ys cilisen cloglis)) 1 4l yin 19 Cow | e jol 45 > < £l Ygane 45 bl
395y o Job 0 ailag) 5l asls G S0 Gk 5l gl w3 4,505 claylidle 5 b GIS 3 34390 o5 Ly
Alyed o 18,5 ke 15 b alBag) st dilaie o 4 dtun (J)le 4.1 Sglite clagl)l b bls I lacgamxe
Caw 3 gl oplply A8 oo glaB 1) il slagles)l L o Jun Syl lasgomme )l S o (ot s jle S
bl 5| WMS b GeoRAS-HEC 5 4y IS5 (sla g, aiile a5 cows | 5L5 03ga5xa yo glasyl OMS] 4 o
Blybl sodgase jl blas glay)l GMis] dulwe cas g jokaio cpl sl (bgy ol 50 2,5 edlitwl Lo ye slog o
8 35 Ero Jou Sy pp 039050 )3 (255 & MS (o0 oo Sloged & ) cnl S 55 (08 p= Epei bl 4 Sl
plaSzn a5 013 043 15 Juw sBARy (y (sl (5olems o e ] paidloul AilBgy by yaws y dges
Sl 298 (claodgizme 13 g (Soluw ot Laslg, 3l oolize 11 o Sy d5lg 3 1y (oMew b > glis )| M3 a5
(Teng et al., 2017) Lo )G dpwlors iy

dwbro pldl (gl GIS Lo ArcToolsBox (sly (o)l olaisas YoV Jlo o 5L uiwss gl &S FHD Juw
olitwl (o)) gyt ) Y ©)p0 4 DEM 5 (o L cund )50 4 alidg) pns (S0 (52939 97 j1 28 ()b
Caw 3y |y glayy) OS] aili0g, Blybl 13 j2e ¥+ 0dgae 3 a5 Caw | (gyim Al & Hlaidyge (39)3 A5 0
295 5 0nd lofl Cunly e Ll b gl 5 s Sglite (slmodgazee 53 5 et 3 5 el 25l 0
g dilaie G 50 dai jb Cuw YL 3 zol 00 poe i DLW S ) o Todls w3 4y cuiBge L1y Hlais e
byyse S sl 1y ol out 1)) oo ahales slivays plgioe oo oo bsbs jl o b slaaigg cola &
(YWY o) Kon g aloe pllas) 5] cawsd 4 platel



VEo ) lul ¥ Bylowd VY B g3 (Lt (3Ll ko (s ol oo af

e FHD3 E=SE—=)
River Channel Feature 2
F:\TZ manz\SHPs_2\Order_After_toplg.shp @
DEM

F:\TZ manz\Raster_2\dem_utm_km &
Output (Seyl Gir)

C:\Users\Geo'\Documents\ArcGIS \Default.gdb \dif @
Celisize (optional)

0
Neighborhood (optional) =l
Rectangie z)

Neighborhood Settings

Height: 450

Width: 450/

Units: Cel © Map

[ ox J[ coce |[m J [_showrep >> |

S srodgasme (gl phw 31 EWT I SIS (29,08 a5l g3 ol )3 0awd >l b 15l VY 8 lows UG
(YY), 0 g alomo ols) tanie

P oS olaaig b ol ami g b odlite | e VV/B cés L DEM L 5l M3 51 adlaze (gl FHD Jao slya! )
Gl osims i (pl g 5 1 addllassyge ddlaio )3 Gadal oaidd ylis a5 A duulie 3> &) dilaie )0 WA Jlo M
Y JSCE) canl ddlaio j3 Jde oo

5401 f'li" E 54°200"E 51"25‘0"[ 54°3q‘0" E S“’Jf'ﬂ"l{

3TSONN
I7S0N

3790°0"N
37°00"N

city

FHD
-3/93 - 0/40
z 01402135 |
s 2/35-1063 |
& 0 2 4 8 12 16 |2
. [ - KM
S4°15'0"E 54"2!;'1'"}‘ M’IS"O"I{ N"J&'()"}. 5"’35"“"!{

axlllaed 90 0395w > ol ya ! FHD Juo N F USG5

o S ol L Jaw 689 5l G (o |y i & Juw dmin 0 &S able U 1) SUles ol FHD Jaw
Wged lgisds axlllasdyge 03gixe I adhaia 93 FHD Jao 5l odelcow e sladic & (v Como  (ly gabo0
9348 3,8 )18 w ypdyee Jdo Como U ud pbol (glawlie ¥ s CMew (2e30 ol & L g 0l Sl



a0 e MEGT VFAA Jlos O¥lano U ) drnnlio g 38 Jaw LU men | comvlBiroine 5 cpdlslos

i N0 S5 g et o8 28,5 5 sl glyists oo sy b 5 by sk g5 9 b alets
Cowl dnlp] oo a5 So g8 ddlate Ladd g amd o L |y o5 g pdupbas b (glddhaio 48 cowl 03gae (3ps Jlod
oS eldilaie ) 1550 M 0delaw 38 OV (slodiyy 4 dogi b 45 amd o Li 5 S e dllate lgieay
M3 5] o 039450 53 13l oo odmlie b5 VS S5 (5 4 pgd adlate 5 3,15 3939 oI dmd e Ui Lo 4 FHD Jse
oS5 5 o oo 5 5 5 s o by o3y, o 3 ol 3 5 85 5 s ppige o G
2o e Jlod e @ Jlo i 2929 S & Grizme 9 a3 e oS O I (S WSl jslad oS S e
Iy adlato (gyio ¥0+ alo B latis Jio aSol s 40 45 caw loaaliio bB Jlod cuond 3 9 s 5z, o o
A dagi b iliag) o Cuomnd )0 Lol 20 odalie Jao b yolad il pis Cunl (Sew &S o asudio Lo gl

)13 3929 93 by JolS Bkl (Joe (0 plad iy 9 39290 (slrodl>

54°Jq'0"k.
%
z £
(Y
pahne_seyl
HD
-3/93 - 0/40
0/40 - 2135 : A
2/35 - 10/63) V- 5 U { 0’055 1
b h‘h Y o oN Bl =
54°30'0"E 54935'0"E
axdllaod g0 8395%0 (B gai Jlowws 1> M aig 9 FHD ygai 0 0)lows JS5

54°25'0"E 54°30'0"E
1 1

N

37°0"0"N\
T
IT00"N

“y | -3/93 - 0/40
TR 0/40- 2/35
Fa ~::i t Qest . 2 3.4 ST
54"2;'0"5 SJ“J(;'(I"E

O Bb o M5y 839500 55 Vs it s FHD pyguai 5SS



VE Y sl o 5ylasd VY by Liad aLdlpis iulol aloe a5

S 35 o

Fam g o Jd oy 9 W8l oo Bl Ol S il Jgad )3 y9iS julpw 3 & canl SlbL 5l (S Jowo
@ 3bj A s S £989 5l g > (pp Sl it loodls cul Conlyy Slegge Sl S 55
MR 810505 0 (6 i gl Sl lyoe e sl Jew £989 51 UB oy 9 Slisid Ll s oo )18
2595 5 s A9y yiw 9 g5l e (oll y A9, Bl 3 1) e dio (o0 W5 oo (5], FHD
ko 03lizuold 90 DEM 85 d ya linuls 038 asttio | yal 3blie 5 ST gblie 15l e g 223 5,8 (bilsp
a8 Caw | oad odliiw | (550 DEM 12.5 jl o plosl aiod )0 gy alsd yidiw 35 FHD Jao (595 s ui L
Hlyea Jro a8 Slale 1 oyls JolS Bl O (rom digg 5l odalcwday slaodls b ol (39,5 aes
A BLbL s 5 a5t W Jlo )3 (KBS i e (adllans jgo ailaie 373) 352 03)5 pasiie ool IS
2l 030y (KBS i cyitin W Jlo i 1 4330 85 1) (565 i e i Jo o8 B3
b (6559l (sl pen; dilaie ylyar g 315 3g3g Ly (3L 3w M5 51 o Gl ,bol 13 g axlllaed ygo 0394
o O YV 394 39390 b pme; do 3 Voo | dalllaedjge ddlaie 0 WA Jlo Juw 3 a5 0y dgng goiie (508
S slape) ilo g md St S sla e o 13 VO 3gan 35 e opl | 48 Wloss Juw Sl o sla e
3 9 @peyiaghS VIO (ole VY 5ol )3 dalllasdjge odgime ;3 wls i Jbly slaosly suiow zuls .Ailedgy (o
ol By S5 4 W (359,81 )3 @y ptoghS VoY e ylo YA )l

P g

ol 423155 o als lie gl ¢ Jgts sdigsi ol & Ly

&b

oy Sylig tolrs (ol ol (ol A o/ (cladilig, (VYY) dily «opuidl (A

balblbw copie WShL oS ades (633 Jw Jaailty (VYD) 00538 c)bal 5 pudl ol ¢ souto 500 ¢)ls0,) (Y

dép UL‘J/U_JAaﬁ a[iu.b}f u.;Aaﬁ L_)[Q&bl)){)l)})}bu}h.w aj)fd&b&aﬂduu)bf(“ﬂﬂ/\) &ul)}l u.;La.S olimm”; (v
oliwias o law o leadS olo o] jo s Cypude 45 SaS

Colne —e —ad (55815 (VWAR) L jdeono dii (03 9 (300 829> Shomxe «6yg 0 (S Sgp sstsS oy (F
9l it dloeo (A\WAY 33,3 qidn Jow 1(63y90 dslllas) Hly (slmodl g yoluas 5l oolil b w3 o) b 9 iyb

OB 350l 40 9 10,90 aalllas JlSe g Jloj wlie )3 (538 e sding 9 213 (VP4 0) 3l T (LM (0
AYYNEY (YY) s Ll ivlel dlo .o liudS sl 3,

5 ookl b Jaw &jluns slading (gjlo 88T 03,630 .(WWAR) s ¢ Sl5gr s 9 (sl y92 (o pid {2y ¢ Slowbw (5
X Y=XNY (V)Y o gialsptetrasT dloro ( lwdS bl WWAA (1035958 Mww 150590 dalllas) ¥ Jiuiiw ysglias

A;JUo.a) (SAR) ‘5)1.)]) )..gjLa.S )l ol | L’ u)’tw; ‘51.0:4;.«.9.» U“"L’ .(\\" ') DGR £ 6 o B Soxo 9 duows «u.’.\”.)‘.o& (v
VA (8) Vo ol g o i (sloimng s puisi (MB5] Gl yocs YA (39,8 Juuw 6390

S 163590 adlllae N iz (o)) poloas jloaliwl b oM (i yiad aiids as (VFe+) ilung ¢ Go)l 213 doses (A
FA-he ($V))) lsS  lbliis inlo] dloo i3 aly b o YYAA (3,0

slaaing 52 39) OB )5 alog) (Sjdsige sbpasls Sl (o) (ITAY) esl gl g dm ol 08 {01008 ¢ 205 (4
slxe Slblio 5 Lslpis dloeo (M55 o 2 Slallae adlaie) Sl o g 5935l iomiw (slmodls I osliznl b oM
YOO-Y-0 ()4



av e MEET IYAA Jlow O b ] s o 5 3 o BLES cymatd | somolBiosme 5 o lidlos

References

1) Afshin, Y. (1994). Rivers of Iran, first volume. first edition, Tehran: Ministry of Energy. [In Persian]

2) Ardavan, B., Moghimi, I., & Asadin, F. (2016). Estimating Flood potential of Germi basin with
emphasize on risk management by using SCS method (Rudbar, Gilan Provence). Journal of
Environmental Risk Management, 3(4), 315-330. [In Persian]

3) Ban. Y., Jacob. A., & Gamba, P. (2015). Spaceborne SAR data for global urban mapping at 30 m
resolution using a robust urban extractor. ISPRS Journal of Photogrammetry and Remote Sensing,
103,28-37.

4) Boccardo, P., & Tonolo, F.G. (2015). Remote sensing role in emergency mapping for disaster response.
Engineering Geology for Society and Territory, 5, 17-24.

5) Carroll. M.L., Townshend. J.R., DiMiceli. C.M., Noojipady. P., & Sohlberg, R.A. (2009). A new global
raster water mask at 250 m resolution. International Journal of Digital Earth, 2 (4),pp. 291-308.

6) Brakenridge. R., & Anderson, E. (2006). MODIS-based flood detection, mapping and measurement:
the potential for operational hydrological applications. Transboundary floods: reducing risks through
flood management, pp. 1-12.

7) Centre for Research on the Epidemiology of Disasters, Emergency Events Database (CRED EMDAT),
2015, http://www.emdat.be/.

8) Chen, S.A., Evans, B., Djordjevic. S., & Savic, D.A. (2012). Multi-layered coarse grid modeling in 2D
urban flood simulations. Journal of Hydrology, 470/471, 1-11.

9) Choudhari, K., Panigrahi. P., & Chandra Paul, j. (2014). Simulation of rainfall-runoff process using
HEC-HMS model for Balijore Nala watershed, Odisha, India. International Journal of Geomatics and
Geosciences, 5(2), pp.253-265

10) De Risi, R., Jalayer, F., & De Paola, F. (2015). Meso-scale hazard zoning of potentially flood prone
areas. Journal of Hydrology, 527, 315-325.

11) Dovonce, E. (2000). 4 physically based distributed hydrologic model. Master of Science Thesis, the
Pennsylvania State University.

12) Emadodin, S., & Mohammad Ghasemi, M. (2021). Monitoring of flood expansion maps using radar
images (SAR) (Case study: Flood in March 2019, Aq Qala city). Journal of Climate Change Research,
2(6), pp. 79-96. [In Persian]

13) Ganji, K., Qara Chelo, S., & Ahmadi, A. (2020). Investigation of the effect of morphological indicators
of Gorganrood river on flood zones using remote sensing data and spatial analysis (Study area: Aq
Qala city). Journal of Geography and Environmental Hazards, 9(35), pp. 205-255. [In Persian]

14) Giordan, D., Notti, D., Villa, A., Zucca, F., Calo, F., Pepe, A., Dutto, F., Pari, P., Baldo, M., & Allasia,
P. (2018). Low cost, multiscale and multi-sensor application for flooded area mapping. Natural
Hazards and Earth System Sciences Discussions, 18, 1493—-1516.

15) Hervé Kouassi, K., Alexis N’go, Y., Anoh, K., Jean-Jacque Koua, T., & Constantin Stoleriu, C. (2020).
Contribution of Sentinel 1 radar data to flood mapping in the San-Pédro River Basin (South-west Cote
d’Ivoire). Asian Journal of Geographical Research, 3, 1-8.

16) Iran Space Research Institute, (2018). Report on the activities of the Remote Sensing Group of the
Space Research Center of the Iran Space Research Institute to help flood management in Golestan,
Lorestan and Khuzestan provinces. [In Persian]

17) jalaliyan, S.I. (2022). Evaluating and zoning flooding on a temporal and spatial scale (Study Area:
Gorgan River Watershed in Golestan Province). Geographical Planning of Space Quarterly Journal,
11(42), 107-125. [In Persian]

18) Kumar, R., Singh, R., Gautam, H., & Pandey, M.K. (2018). Flood hazard assessment of August 20,
2016 floods in Satna District, Madhya Pradesh, India. Remote Sensing Application: Society and
Environment, 11, 104—118.

19) Matgen, P., Schumann. G., Henry. J.B., Hoffmann. L., & Pfister, L. (2007). Integration of SAR-
derived river inundation areas, high-precision topographic data and a river flow model toward near
real-time flood management. International Journal of Applied Earth Observation and Geo
information, 9(3), pp.247-263.

20) Mohamad Nejhad, V. (2021). Flood extent area mapping using sentinel 1 SAR image (a case study:
the flood of Poledokhtar, march 2021). Geographical planning of Space Quarterly Journal,
11(41),69-80. [In Persian]

21) Nascimento, N., Lea Machado, M., Baptista, M., De Paula, E., & Silva, A. (2007) The assessment of
damage caused by floods in the Brazilian context. Journal of Urban Water, 4(3), pp. 195-210.

22) Nezammabhalleh, M., Yamani, M., Gorabi, A., Masghsodi, M., & mohammadkhan, S. (2017)



VE Y sl o 5ylasd VY by Liad aLdlpis iulol aloe aA

Evaluation of a GIS-Based Floodplain Height Difference Model for Flood Inundation Mapping, Case
Study: Rudbar, Iran, Journal of Environmental Treatment Techniques, 3, 100-106.

23) Panjekoobi, P., Reyhani Parvari, M., Javerdi, M., & Rahman Nia, M .(2020). Investigation of Intensity-
Duration- Area of Rainfall and its Impact on Floods Using Radar Images (Case Study of the Flood on
May 2014). Remote Sensing and GIS, 1(45), 73-86. [In Persian]

24) Rahman, R., & Thakur, P. (2017). Detecting, mapping and analysing of flood water propagation using
synthetic aperture radar (SAR) satellite data and GIS: A case study from the Kendrapara District of
Orissa State of India. The Egyptian Journal of Remote Sensing and Space Sciences,21, 537-541

25) Revellino, P., Guerriero, L., Mascellaro, N., Fiorillo, F., Grelle, G., Ruzza, G., & Guadagno, F.M.
(2019) Multiple Effects of Intense Meteorological Events in the Benevento Province, Southern Italy.
Water, 11(8), 1560.

26) Ruzza, G., Guerriero, L., Grelle, G., Guadagno, F.M., & Revellino, P. (2019). Multi-Method Tracking
of Monsoon Floods Using Sentinel-1 Imagery. Water, 11(8), pp.1-23.

27) Smith, K., & Ward, R. (1998) Floods: Physical processes and human impacts, New York: Wiley.

28) Shen. X., Wang. D., Mao. K., Anagnostou. E., & Hong, Y. (2019). Inundation extent mapping by
synthetic aperture radar: a review. Remote Sensing, 11(7), 879.

29) Solaimani, K., Sharifipour, M., & Abdoli Boozhani, S. (2020). Flood Damage Detection Algorithm
Using Sentinel-2 Images (Case Study: Golestan Flood of March 2019). Journal of Echo Hydrology,
7(2), pp. 303-312. [In Persian]

30) Tiwari, V., Kumar, V., Mir Abdul, M., thapa, A., Lee Ellenburg, W., Gupta, N.& Thapa, S. (2020).
Flood inundation mapping- Kerala 2018, Harnessing the power of SAR, automatic threshold detection
method and Google Earth Engine, Plos one, pp. 1-17.



