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In addition to damaging structural effects, earthquakes also have adverse environmental
effects, including polluting water resources. In this article, the quality changes of
surface water resources due to earthquakes are monitored. In the present research, in
order to achieve the above goal, by using various data from Sunnynell 1 satellites,
optical data from Landsat 8, and Madis satellite images, the data has been unified in
such a way that they can be used together in the form of a dataset for processing. be
placed in this research, by using the combination of satellite images (radar and optics),
the Starfam algorithm, the spectral signature of Sentinel 1 data and the use of remote
sensing indicators (MNDWI, NDVI and RGB color combination), water resources The
studied area was identified and then the quality changes of surface water resources
affected by the earthquake were obtained in the environment of ARC GIS and SNAP
SANTINEL software. The results show that the earthquake caused shaking and
displacement of the surface and subsurface layers of the earth and due to the karstic
location of the studied area, it caused an increase in the concentration of dissolved
anions and cations in water. In the studied area, the role of faults is very obvious.
According to the geological structure of Zagros, Sarpol-Zahab city has numerous faults
and the most changes of water resources are located in the main path of the faults and
follow the fault lines of the region. Also, in terms of geology.
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Extended Abstract
Introduction

Iran is among the countries that are located on an earthquake belt, as news of earthquakes across the
country is heard every day. Earthquakes not only leave destructive impacts on human-made structures
but also have harmful effects on the biological environment. Earthquakes could also cause surface
and groundwater pollution (qualitative changes). Using remote sensing technologies in various earth
sciences is more common than ground methods due to their wide coverage of satellite images, up-to-
date images, and low costs. Major features of satellite images help evaluate and monitor such dynamic
phenomena as the qualitative changes of water resources in temporal and spatial dimensions. Optical
data are significantly affected by environmental factors. Unlike optical sensors, radar data, while
being independent of climate conditions, can provide more information. Therefore, a combination of
various features of optical images and radar data using remote sensing technology can provide
complete insight into the intended target and present a higher reliability and validity for the results
that are obtained.

This study monitors the qualitative changes in surface water resources as a result of the Sarpol Zahab-
Ezgole earthquake using various data of Sentinel 1 Satellite images, Landsat data, and MODIS
satellite images (MODO09). It also combines satellite images (both radar and optical data), the
STARFM algorithm, the Spectral Signature of Sentinel 1 data, as well as remote sensing indices to
identify surface waters and then their qualitative changes as affected by the earthquake in the ARC
GIS, and SNAP SANTINEL software environment. Results indicate that earthquakes increase the
concentration of the anions and cations solution of surface water resources, which makes it impossible
to use water resources for the subsequent few days, due to the karstic, geological, and fault location
of the region under study. Results also suggested that faults played a major in the region under study,
with the highest changes of water resources occurring on the main path of the regional faults, as the
highest water resource changes were noted in the lime Asmari Formation from a geological
perspective.

2-Materials and Procedure

This study used the geological map (1:100000) (National Geological Survey), and Digital Elevation
Model (DEM) (12.5 m); also, to determine the qualitative changes of surface water resources, the
study used the images of three satellites, namely, Landsat 8 (Nov. 10, 2017), Sentinel 1 (Nov. 10,
2017, and Nov. 17, 2017), and a series of MODIS satellite products (Nov. 11, 2017 and Nov. 17,
2017). This study used an analytical and descriptive method and used satellite data and images to
finally analyze field data and observations. Images of Sentinel Satellite 1 were used to identify and
monitor the qualitative changes in water resources on Nov. 10, 2017, and Nov. 17, 2017; the images
were then prepared and analyzed after being initially processed and pre-processed in SNAP
SANTINEL software. After the necessary investigation of the factors affecting the quality of water
resources in the studied region, including precipitation, winds, etc. 10 spots (places) of the region
under study on the images before and after the earthquake were examined based on the dispersion
range of the reflectance of the desired bands on the two said dates, and the relationship between the
spots with the qualitative changes and the faults, lithology, slope, and the slope direction of the region
were analyzed. Later, the STARFM algorithm was used to combine the images of the Landsat 8
satellite with MODOQ9 products and the MODIS satellite following the earthquake to monitor
qualitative changes. For this, the spectral signature profile of two levels (pixel and total drinking water
resources) of the city of Sarpol Zahab (Sarab Garm) was used. Then, to reveal quality changes across
the region, two stages were used to identify the qualitative changes.
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First Stage: Identification of surface water resources, including 1: Creating the color combination of
Bands 5-6-4; 2: Creating the color combination of RGB, 3: Using the NDVI index, and 4: Using the
MNDW!I index

Second Stage: 1: Comparing the reflectance of radar data before and after the earthquake, and 2:
Using the STARFM algorithm

3- Study Findings

Using the STARFM algorithm in this study to monitor and investigate the qualitative changes in
surface water resources helps determine the level of qualitative changes in the surface water resources
in the area under study. Compared to other methods, this method had better performance and
demonstrated qualitative changes well. Also, a combination of radar and optical data for the
identification of surface water resources provides a good potential.

Figure 1: Reflectance profile at sarab garm of Sarpol Zahab (A: Reflectance profile at Sarab garm of Sarpol Zahab Before
the earth quake, and B: Reflectance profile at Sarab Garm of Sarpol Zahab After the earthquake)

Results from comparing the reflectance of radar data indicated that this method did not fully
demonstrate qualitative changes in high resolution, while this method can be acceptable only if it is
validated with other methods and field operations.

4- Conclusions

Since old times, water has been key to human life. The occurrence of various crises in recent years in the
country such as earthquakes has required paying special attention to post-crisis management. In this
connection, securing the primary needs of the citizens of a city is a critical issue. No doubt, the negative impacts
of earthquakes on the water resource quality have aggravated. The remote-sensing technology serves as a
reliable method to analyze and interpret the qualitative changes of water, thanks to its accessibility of
information, and low-cost and cost-saving advantages. This method has also proved to be highly accurate.
Thus, this study monitors and investigates the qualitative changes in surface water resources following the
earthquake of November 12, 2017, in the city of Sarpol Zahab using satellite (remote-sensing) data, suggesting
severe qualitative changes in surface water resources after the earthquake in the region. Results showed that
the earthquake caused severe qualitative changes, which consequently made it impossible to use water
resources for the subsequent few days. Results also demonstrated that the earthquake had caused aftershocks,
which displaced surface and sub-surface layers of the ground, resulting in the increased concentration of the
anions and cations solution in water, due to the karstic location of the region. In sum, geological factors such
as the role of faults in the region should be focused on. Considering its geological structure in Zagros and
special geomorphology, Sarpol Zahab City has various faults, with the highest water resource changes noted
on the main path of the faults, which follow regional fault lines. From a geologically perspective, the Asmari
Formation in the region under study is one of the outstanding formations of the sedimentary-structural state
index of Zagros. This formation covers a significant span in Zagros and is the youngest reservoir rock of
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hydrocarbons in Zagros, with the highest water resource changes across the region under study taking place in
the lime Asmari Formation.

5-References

Abdolmaleki, A., & Maleki, A. Khazaei, A. (2022). Monitoring the height displacement of the earth and analyzing its
geomorphological effects using telemetry data. Remote sensing and geographic information system in natural
resources. 12th year, number 4, winter 2022.

Abdolmaleki, A., & Maleki, A. Khazaei, A. (2021). Remote monitoring of quantitative and qualitative changes in water
resources caused by Sarpol Zahab-Ezgole earthquake. Dissertation for receiving a master's degree in the field of
geography, geomorphology-geomorphology and environmental management. Razi University, Faculty of Literature
and Human Sciences, Department of Geography. 2019

Earthquake Report November 12, 2017 Sarpol-e Zahab, Kermanshah Province (Fifth Edition). Volume 1:
Seismological Aspects. International Institute of Seismology and Earthquake Engineering.

Maleki, Amjad. Khazaei, Ali. Abdul Maliki, Ali (2022). Evaluation of quantitative changes of surface water resources
affected by Sarpul Zahab earthquake using satellite data. Remote sensing and geographic information system in
natural resources. Thirteenth year, number one, spring 2022.

Momipour, .M. (Y+)7), Study of coastal water quality with Hyperion hyperspectral satellite images - A case study of
Arvandkenar coast. Iranian Journal of Marine Science and Technology

19



VFeY lanl (FO o Lo Ve 0490 S3999,909959 yuud

35 5 e b O @lio (S Oyt Gy
A5 5= b s e WAS LT V) 305 56090 axlllas

Yl e ¢ Sho ool ) Shodloue e

cess sl o3l BB HLolS gy S CC BY NC ucouns¥ b g 3 (onw yiws & yg00 s alliio o @ @@

S Slss (il OFY) e o glis el Sho s e o Slallae :allio ol 4 gls
S ladly o VWAF LT TY Wyl 26390 anllias &35 51 ilie b o] i DOI: 10.22034/HYD.2023.54570.1666 el

NPYYYO) Ve csjslsd)posTis ten

ouS Lo jlguads

ool il o y5 030 (e
Ol ple S Ol
Jisw SNAP SANTINL

olpl @ od

IS 3 405 58y oselins 5 05, 58 5 ol o @Bly A a8 53, 2 45 el (ol 4528 el 51 ol
@ 0lss (oo abo (a0l 5 (i) Jamme DILSU (sl ol e Dl odle Al e, (o0 555
~oled e slaglin g (o Of lie (A5 Slds ol 4 oy p orl 5o 050 o)Ll o wlie (Sogl
3oolainl b 398 Gun 4 Job Cuz ol Guiod jo sl oal azl p VAR LYY Wi slas, ST s Sl
Ao Sl sloosls (e Voo S (Y o b S_TA-IW-SLC)Y Jriw slao lgale goiia slaosls
a5 WS memal gligSa aosls (MOD09)ows sl Y game msge loylgnle pglas 5 (OLI)
3oolatwl b gl cpl 4o a8 18 colaiwls,ge o iilo p sl p caslns S LB jo Saee LS 0 asilen
FrSore o) Jutiw slaosls (il (sLasl (pld il o )sSUl (Sl 5 (55131 slolgale pglad oS5 s
elolis anllas 390 aihaie ol ple (RGB X5, <55 s MNDWI, NDVI) (508 51 Giomiw sla el
SNAP SANTINEL 5 ARC GIS lj8ls 5 Lasme 5 al3); 51 ilie o ] gt LS Sl yonis o 5
g oy, oloul b aljl; slas ) aes oo i odaw slao| alin S Olyess mls gy ol ool
S S Conyn & i L g 00 nm) (b 5 (b B4 Al 5 5095 IS5 el Lnog )
il b O glie (slocyslS 5 oyl Jsbone Calé ol ely anllias o, 50 ailaie (Lo 5 5US e
ol mls K 5l el ailas oz g o miline 5l oolamnl Sl a3l slas ;) 5l as 59, cpaiz B g oals aslllas 9,90
ol 5k Sl LS G5 anlllas 550 adlaie )0 a5 Cutls o)Ll (SSLL (e Jelse A 4 IS e B
WIS o S yep e bshas |5 antls 1,8 ablate (sl S ol yrs 50 Ol qulie Slpis (i oS SIS,
Sal wile g, anlllas 340 dilaie mhaw ;0 0olidl 5lasl O golie Ol pds (s iy owlids oy Llod 5l iman VEN/AA/T s el o gy

a5 1 o0g (a3 ol olasle,S bl j3 s O fali aie n Lol 45 T 1zl 055y (s o] PRI
VY[V iy f b

g Death 50 Ol (o bojyle 5 waz ol @lie 51 (BT e (o) ) Sloo] Cumdg 4 (6598 g oy Jloms '
VBT SFIY e 2 Lacsl g,

Lol (6950 sl 03, (re £585 5l

o azeol :J ghunns o g3
a.maleki@razi.ac.ir :abb!,

ol eliile S gl olKails csislsd 30585 (5SS alake miils o Slollae e -
ol eolzile S sl oKl (5 58)8 90555) slectils o Lo ol -
L)‘)"‘ mL...;LoJS ks)‘) oKl mli....'Lc)T u.aLw)IS ‘g.s"l)? Q.SJ‘C -y


http://childmentalhealth.ir/page/133/Open-Access-Policy
mailto:a.maleki@razi.ac.ir
mailto:a.maleki@razi.ac.ir
http://dx.doi.org/10.29252/jcmh.7.4.19

VFeY Ll O o Lo Ve 090 39999909559 )0up

doddio —)
5 3Ll (b lalae 5 (55)liS o oy 5l pel (sUsS Bilas sl Ol o5 SIS gyl sl (ell glalS 5l (S
EMans (52 o 3l 039 el (VY VY L (g il 5 (955 Sy dmasgs S5 Ctins 5 (S35 5l sl 1OV YRR (oo il
SOl 050 5 50 Sl ol pladl 538050, 513 OFF N F e 6518 5 (lesl (ool (e 5 (o sloc] (Sogll el b Lo o
St izmed 5 orb il 5 ok (slaoun¥T g S5k lall o 4 435 e (2l b Sl i slite Dl b K3 (g
g eloadaisle lul cavs 45 a5 slooslu o pPee sl il ogdle a3l (FY VLY (s 5 Slellase) el A3y alas 5l ol L
Ll ;o8 5 a8 L 4y oo ol wlio 2 3y hte sloil Sy (VN epylSon 5 Tl el s b I 58 baatiar 5 (o i
o o2l sl oyl ol cuiS laasls 5l oolinwl L iy 9 e sl S Cansg 3l bl el onds yiig olye 4y CoaS
S 5 e mte il & ool (5708 45 0503 3Bl 1) (S pae sl Syl g @dlse o sl Cusay Sledll oolitl (ad b o5l
Olsre 4y 590 3l o ojg el led Ll ()] oo 5 Ol CoteS 2Ll 0 Ty (gote GBS Wl (o0 90 3l Lamiw Ll cnl 3 a5 00,5 0l
3 oslisal (¥AF ey opadianlfo ol e ol (opas & omeeb e il 5o ool il o8 03 £)bn 555 o S5l 5
dyo 4 ke sl (e Slol 5 il da ailhag; O CekST il g U sl 0l ot lacsideiSS 5 ik slaasls
oo Oylg0 51 SO (FY TN () 5 Sladlae)aiily mwg slosgasms 1o ol g iz 5l Sledlbsl zils 4y 55 aS oKn Logas 0o
adgl sloools sLlse pleol jglatady calize grosiomw 3l Jol> glaosls Guali (6,5, 54 YU 2o b ganaid bl (Bas 4y Slws sl
493,90 |l (Sl g g ylol, loosls 5.8l pgas pl jo .l adgl slaosls I YL Loy Sl mlaw b gloosls 4 oloiws 4
4 Cowles Ggyailis Slels plad ;o (5500 pmaal Colild alox 3l (glol, slaosls 8,84 pamin glaco bl o 4y () a5 a8 T 18 ool
Sl )b paiz l Jol s (FY ¥ () Sen 5 (Slellae) caslopnd 5 (g9 aline Lylyl 50 (6105 pgal Sl (S Cugh
Salgs o Lal bad yo Slidss 50,50 diz 4 ) e ,d aS. el 00,5 0l Of mlie Sladllas [0 1) Hg05l o Code 2E >, g A3
anlllae 390 1y Lod 5 yaud (59 «Blao dul> dlge viile T (a5 (slo il )b «awad o)lsale TM (slassls 5l oolitwl L ((Y330) o\LL 5 g o
St 6l s opl 5l 690,85 il e |y ol (i sla el )b s TM soizeiw slaail o abasl; Sloe sloosls 5l ooliiwl b g ools )3
sble ,o ol coas wr 4 698,90 slaosls 5l eolatl b 2004y rQl)lS«..a: 9 S ola L8ge3 soliiwl oI =S sl )l andi a4
om0y g Cewadd slaosizin lojlgale pslas 5l ol slvosls b pow)y Slibog ool awsds gloosls .l Sy S Hee Sl
AlS%JLA O Ao oo lid |y Cusadd pglar 10 0ol cailblil 50,8 5 s S5y Jlake b Ldg 1S mesd el alol> gl a5 wll anlie
5 05,5 oolaiwl Les ools (g5lwJan ;o yiwl b aix sdiziw slo,lsmle (sloosls I pls i @ by je (gladdlas o (2011) ) )Sen 4
055 o 50 YU s o wolie sy (sl oaoslizsl (sldodiziw oo 51 el saizsn Gl iles j5l caws 4 Jgub b ol
5ol CetS (5 nFo5lal sl il )b 5l eolital L (YN V) SIS JsS o)1 cpmizen ol 1 (V00IL) s 5 (5 VO & Q) SIKe S8
Srara 2351 sl Ggrm )Ty Je g 430y al3S5 50 50 Ol S (gl el )y (o)l sl Cewadd gl slmosls g e oSl e
U35 3P0 2 e 955 GiRo%y 50 (T NBY Gl 5 )55 K0 (shmgy 53 el soolital il Uil L o &S sl o
3 e 5 o s Sy (ol i A Dol el asile o 63) rne) & (Sl yied slo uly o Wit 5 Gl 4
sy Lasgs &5 psblon 5 iudsh slisy unle ool sl 03] lyal I (o5 (5 piu3sh Slyeei oaniS oSata i o] b oilS 3
anllans jgo 1 9ileiS 0,0 10 05 Jimn) 3l i (Soweld] Ol CudS (Y1 8) ¥ ) ISe § g+l o 00ls Lid (655 03, (59l 000 slo
1 45 855 0 55 S o s 3 o] oS el ] limgas epebie sloo) ) (s 1 o5 A2l o i (] 4, 45 il )3
stk 1,8 glojlsale yglar 5l oolaiwl b «(VWAD) 51 soge Slidod Wiy, dalol jo .ol asin ks ooludl sl bl bl o Slaalie
B it ge | O 0995 5 (55 a3 (oIS slayiall JIStl -5 Joe sbml b G lgls Jlad 5| (Szs8 25w 50 Heperion
pobar 5l Jol> (SO S colan gloosls Jaud LB Ll oasmsjlis gudos mlis .cals,y (LS aig )l Aol glac! coaS aslllas 45 ool
OV Se 5 s aie ol 50 (6,508 anlllas 13 .2l (RMSI0/76) J S slasslo b SIS Sgam )5 slaJulos g ol odizein

1 -Gopi and Anderson
2 -Ambraseys et al

3- Heloger et al

4 -Matsuoka et al

5 -Arne Cole Craney
6 -Turker and Sun

7 -Boj etal

AR



VEY o liwal (¥ oylous A+ 0,90 Si9s8 508359 )uu

43[.‘509) 599,59 k_)T s)g.ws_:i)w 0970 (o) A cLQ..\JL’ ;,..5)4 (_g‘).g ‘_g)l.ai ‘_ngg..u.oS st)).gea Cewad ol ‘_g‘o)b.bLo )JBL»AJ )| ool.&.';.wll._:
0y 90l jaed BB pudlS 5 Al o g el b s, 5l eolaiwl b gudiss cpl j0 a8 sl yles b0 ddlaie jo Lab g
oy 35 il &5 () oS5 Gyt Sleme Bl 5 (Sod iy oy ;551 (a3 Ls ppmen )bl SlacuaS gy g 0d ololis
A HoSB Sl L0 oS5 a5 0 cavadd saoniw loolaiul b ples (gL yo ddlate (gl gl (aivgel drulore s co el g9>a |
oy (il )50 ;o Sledbl 1y ey 0ai)lo 0 a5 ) oS 5 g YUY [Las OBlyzail o YIVA YV Sion oo £VIYOA-F
yb&t&)‘ oolazwl .ol ) ﬁ‘iw)‘ow&ﬂ(w Y/\/\) KW 6).:1‘5..4: U‘}J u_:/.:ﬁ]b)l f}@wﬂjuéfyb &‘)45009.:
o dll ) Bas 550 dihaie sln Gilre () ngal (ne WlFer (S ygod dinge )5S

OLM...)LQ; uL..w‘s U‘)‘i‘ 41..)‘ O 4}9) L: J.“.»L:so sLRJ 6‘,} uL.M.:‘ » 4.5]5‘}..) Ko s> edad W‘IL'” u).u s_j L ‘5..»).».,.»0 S| 6‘0‘5 as 4.7:..11
St Sl Wig g0 Gt a4z Jlzo (i Bl 5l ol qlis a3l j2 olas ) jlan a5 ol (al ds (o 5 a2 g Celies a3 Codse o
Slasls 5 ol Gladgy zl sl b bLs,l jo ol Slidss .o salss 358 ddlaie 1o slaasly jals g lie oogame olulid e oYU
3,90 sboosls a5 0ys T ploxl (6lassSy g 009y 00gumme Ly Dliiazs ol ale a8 Slpds oy 5 Gl Sy Lol ol ool sl QT
WJds e a5 05l s a1y (S8 0550 4l auilys ladllas 51 L3 10 45 005 w5651 5 Jae SO L o,lgnle G 5y guat S onliul
&bl leesls uissdd ;) Qb1 eslaau g oy polas oS 5 (Sl 5 6 ) ol 5.8l g oS5 3l oolaul b ojls gxw (ioghy ol
(STARFM 5,630 A cawadd § woge polai Guali g o(aj); olas, 5lam YAVNANVY g adyls 51 L Y-\Y ) e & by e SAR
3551 G 1y S o ogllae alSl - Slad s s a3l olas ;o (xb Of mle 28 Sl s ol 5 olebs olp

0?9 9 lge-¥

axllao 8590 adbio B yro —)-Y

4,0 FF U aiBo Ve g az 0 FO Cosdon b Glad el jed sl Olod s g Sbl DB liw ol g0 Jolds asdllacs jg0 ddlaie
aals =Y obl e 5=V Edo,8 - :Jels a5 ol L zi o 5 00gr oLdlax oy ax 0 YO U aiBoYr a0 Yy 3.5 Job
FSla> agBs YO g ax,0 F7 J8lasg aads YA ax 0 FO Cosdge jo Slabl &M liw,ed (ogds 4) Gl b -0 lad cuio -F pals
Shas conlonds &dly olisle S bl ye Jlod g ye j0 Jlod (2,0 Sl 4330 Y 5 ax 0 YO Blas ag B YFyax o ¥ 5 3.5 Jsb
5o b 3e )9aS g ned pad Gleed 4 0pf g olad e g 9a¥ls Slaglie et 4 ogi 5l gl Gl & G0 g Jlet
i3 ) )13 olisle ) bl 23 5 5L Jlod i )0 9 03,930z 0515 09 50 aalllans jge Ghblie .Cawl oubogazme yiaghS 7D S i
slais sl el a5 00,5 dbla| slo jsaleas g Slelis I, ] Bl a5 ouls JuSCias gy g1l 51 Olad  j b 5o () Sl
OF VLS 5 (Slodlae) il ooy jusdol>

\

: 45°30'0"E

s s

34°30'0"N

0 4.258.5 17 26§

)
0"
\ -—-—_ﬁ&‘Kllometﬂs /

axjllao O)yg0 (Gésm)éﬂa’m w:.s’.n :()) J&&
Fig (1): The study area

AR



VFeY Ll O o Lo Ve 090 39999909559 )0up

oz 5 039 (B8 sz mof Jlad Loy cs5 (l (seses gy 305 S8 03,55 ez 5515 (55 o aslllaes g adbate puliiiinee; ]
i 5 ook phite gliia slacsle @l aihie ol pwlidipe; Eilo OTAA (o Sas 5 o)l Slis,S Gaae ol Sligw,
ol ol 5 wlazlolaial Lo ST ol dis, led b g 03,55 ez o515 glisly 15 BaY oo VYAV cable 5 ol )] LusSae s
S F92) oSS lacsle 10 4z ;0 B0 B anllaes o aibie Jlods >y modlo § caiipd oo ;o a0 1000 oY i el
gl 00 S5 slaSin (S jsbay 5 (omlitiime; slasisle (539098 90985 ol 51V USE)Eum] piite (Sl Blae 35l 9 3l
@ @rhdled 5l oS5 leosS (goimmdl (n iz )3 (OF AVAY (orhe) Wigh oo prmdl i g Comms SloaSin Cand 90 & (e
85 i adlaie 9 J5850 jlg B 00,03 e STy iz STy sleasgy Jolts oS ool gupeends Lol Cond Wiz 40 Osi
SR sy dadus o Shoe aloatlaz 02 5l pe sloS bawgs (5 L5l laasg cnl el Glunye pyithy Jlod 4l g (05T
sl @55 o5 5 0ol i 1) e s (BT 095 Wil oo o beS 35T 00 097 s ) (Sloazmny Blas 5 035 oo |y (Ko (slaosls
SeIge e it JBAl ol g basiar el sy dadg) jrne oS cge (BB Lo S anil OS50 (s slac] ezmes (b
g ailate LSl (6,5 UKD 50 a5 039 ouilg) g pilslaial 095 g0l adhaie Lol sla oS (VF - Vo))l 5 (Shallase)disd oo (S95Lo5
ot a5 il (JuS 0ol 08,553z o ST g &dize w515 G jpe (VAR Ked g1 ) ) ailed ges Ll ol 2 (glojlus ) i
Sy 6l aigy 550 (FUSL)8,10 1,8 anlllans g0 0 28 Jlods il 0 Ju (pl el 0 (5)135pL (o ST (Lol il 5 JuuS lgie
Vb oSl S Glivy Jou8 5l (o250 o5 Cenloud (6518500 09, YU oS plgae Sowi oS Canl (oS 55 9353 1bg 3 5 03,95 0
39y (owe Cdgay) aado FA o VY cel 0 . (VF V()| 5  Sladlae) el ool ouligy Sdgj90m Sliga,y lawgs oy lSo iy jo o9,
Ol e oy Jlod (6 y209kS YV 290 5 alS 5l (6 20glS V- alols )0 VIY (5 5ltS (550 b sl e s 620 A7 ol LT V)
b ool oSy S58955 dngo ay dily (5,585 (5 IK05,) Al Cagy £589 4 (355 5 Olnl S0 50 @fly oliile S il Sl lad 5
P 4 YEIVY Slaize jo ) 05 Jome) o9l «3le joiS 10 ably oK) av 58 lacil)d o594y ¢ oo loolKis! 5l colaiwl 4y a5
S o 8T Sygo Lol (BT bl il J1o)55 5 g Fosthas SBs Sl AT s5ei SLolSe 5,55 Jsb az e FONF 5 s
Sl lod s GLTYY 050 0e) (G55 JS5le 5 (b 09l5 (V490 TSly 5 ()l 00l 0510 0sliS VA S50 05 00
05 s &2gl3 L oS el (MFF) (lasS apezr JuS 08 Jlod Jlods (gl b sloaalad 511 (S5 05 J e (2l s JuS o5 000 0

(pmiy ol YAV wolizile S Glod e VYAF SLTYY Wil 5,900 o 3y Ceams 4 (Vo — 10)

45°0'0'E 45°45'0"E
Z|
=
=
ol
8
z .
> Laial
o
:;) 4alllaa 3 ga Alhaia pulid (3 Al
B (e lis 5 Shu duda) (g ks Nijlu ‘ 5
B (Ol a9 a8 G )5 ST A5l 9
B el AT 35 3
SO S ALY
r4
= g g gl "
5 53 Ll 5 g s SRS sl lgd
Do iSS B sl 5 g A3SE dag i Z|
B o588 A 3
B O 3 s el 005 UK X s 3
E SCarlol 53.8) S g 9 a3 Ll
=Y oy
o @ AJ3l Geils
3
2|
0 45 9 18 27 6 I=]
Kilometers uv_7
45°0'0"E 45°45'0"E 3

(B )15 1 gui0) andllaes ygo ddbaio ol oy soaizlw (Y) JSi
Fig (2): Geological formations of the studied area (Source: Authors)

1- Turker
2- Chi-Yuen Wang

AR



VFeY Ll O o Lo Ve 090 39999909559 )0up

45°0'0"E

35°00'N

Laia)
—a— aadlas 3 9a dlhaia sa Jud
e (it S A Jof 131 s & (MFF)

5 12,5 U5 ) sk Jie
> o 7560

34°35'0"N

34°35'0"N

—

Low : 383
P s osis
@ Lioju
® i i

34°10'0"N

0 47595 19
-

45°0'0"E 46°0'0"E

(BB, s auc) .(MFF) Ol o5 dpus oS g axfland jgo ddlaio s Jund Comdgo (V) JSCi
Fig 2. Location of faults in the study area and mountain front fault (Mff). (source: authors)

Earth DATA, )cols 5l (e VW) elis )| (sogdy Jaw «(joiS omwlidsyun; ylojlu) VYo oo v ol cpey 4l 5l megh ol yo
SY WV i €T IV +) Ao o lgale s gl 5 omba o] alie i Slpeais (30,51 oy sl ¢ (Alaska
gyl ol 5l aSal 4 drgs b o8 oalial (T AVANNY 5 Y- AV G yb a) oo olsale Vg (g 5 (T VVVNY
sloosls 5uils & STARFM oo o8Il 51 asliil b itlss 0925 A oo slolgnle yglass anlllas )50 dilate ;o bl sl 5l U3
o) 5 erdgn oolSail slosily (gl STARFM oy )5Sl 5 axslo (a3 ol 51 L yr9) A awdd) 5 (41315 5] s (slmoolo) smpge
ol 535 i (5515 5l s s 1 30 sllat b b S5 s ssled 351 ol g Koo 0l (35 55 03 2]

00 ) (D) UK 5 gy ol 58 sles Ulpe

STARFM i o1 -Y-¥

Jw 11 ., 10 2 b 50 oo 1 b poas 3AYAF Qlj YV aylyolas ) 5lae odaw J@L;.o S Olyass ol sl Bados ol jo
)99.«4.; A0 'QLQ)‘ w.b La 2017 LJLM» 11 oLc 11 G)b ).) w‘.\,J 4 .A.)L) ).19.‘4.1 9 2017 JLM: 11 oLo 17 C.x)b )é U“"Qﬁ"“ 1 A;LJ )J}.«é.) 52017
5 ..\.al; )99.«4.; 9 2017 JLM: 11 oLo 10 G)b )\) Uw.a.)}‘o 2 J.al; ).)B.AGJ W .)5.1 ‘).>‘ LJ'" ‘5>9),> 2017 JLM: 11 oLo 17 C.:)L) )0 CA.AAJA.AJ
30 Cawadd prgal doel o elesl oo b 2017 Jls 11 ., 11 Zob e Cewad 4 sl peai o YoV Jlo 11 oL 17 Zob ) Lwoge
Cewdd § udge w8l slaail 6l STARFM 2,55 50 5 oolaiwl Y WVANN/Y e 5o ) g A s gl gV -VY ols 17@)L';
2 2tV o) 3ol

(OB W55 1 go). Cawid § i dge Sl anil sl STARFM i ,6501.(1) Jou
Table (1). Starfm algorithm for Modis and Landsat reflection bands. (source: authors)

S &b & b
YAV YAV ds0
YAV YAV Cansid
s e ot Gasfoesn Sk (ie) (gl S5 08
¥ JJPY — - IFA v
A i o5 » -IAD — +IAAD v
. Ve Vs N )
(MODO11GA) i ‘ A o
o v “INFY - JAVE 5
Sl MODO011A1 - [

Y¥


https://search.asf.alaska.edu/#/?searchType=Geographic%20Search&polygon=POLYGON((46.8138%2035.0981,47.2608%2035.0981,47.2608%2035.4431,46.8138%2035.4431,46.8138%2035.0981))&dataset=ALOS&zoom=7.8499153831928785&center=47.638755,35.549811&resultsLoaded=true&granule=ALPSRP131390700-KMZ

VEY o liwal (¥ oylous A+ 0,90 Si9s8 508359 )uu

ol gl (b sLasl g (Sl 5l osliw! b OF @il (oS’ Ol pudi ey ~F-Y

2 2l Ob3b o yen ol Sl s o) grhaes slaiig plo b dwslie 10 o] 10 G5l cans § ol Zlgal 00isS Cda S &g ol
5035 o Loy 1S 508 & D53 S S o S5 ol 5 oo a8 3ol i S 4 o b Sl azpe 5 Sl il T il
SIS nle (oo Dda a5 CUL 1) At la oasay oS 51 i Ot e o 4 OTCBSL Gl (Sl 508 (gole 03L&l
AlS zge Jsb Gal38l L pulSinil 5 S (o i | s o0 ol o5 (65,31 el Cannd 5 0,10 09T IS T 4y S (5208 Sl Y
St Sl s 053 sl ealBl 5 Glee olge JoIs a4 0901 IS T (g sy o0 yho 4 S35 a8 g0l sagumme po aSI b b0

(F ISyl JY5 ol @ cas

Y48 0 5 (Sholls ani)ogll J5 O 9 JY5 O (b 5d) gy (00T (b jdy Judg (A1 L(F) JSCb
Fig (4). A) Spectral behavior profile of water. b) Spectral behavior profile of clear water and muddy water. (source:
abdolmaleki et al., 2019)

Gilwooly —-F-Y

2 V= it slooals (Bl alSSL ooy i et 4135 51 pilie i O lie (b8 Sl line 23 Olime (o pskiie
oo polas 5.8l g ENVIS.3 581 5 5l ooliiwl b A cowad slacsls (3jls ;s SNAP SANTINEL 13306 5 5l oozl L SLC s 3

(Mg).\ ‘Sl.o.c J.>‘JA A Jiw)&.ld)f oolawl ML«O )‘)5‘ IDJ.: )‘ U050 u\@m l)

e T e A8 S s e

¥ e

s B 1pe

oA B 35 5tn 2t g 20171117 2017/11/10

Aa 03> S

oY st 2t o3
F ool sgatn Amia ¢ P

e 3 o ke ol

en Sl i b b sl *
=y i

o 55 S S st b o
A I o s GLES (1 a3t 3 g (Sla asls l b T e A5 i Lt

i 3
[ 20171110: e ~2017.‘11«11£.»_..._‘| [ mes ]‘ MNDVI ‘| w1 |

PRESORIS JPropris

>l M~
PRSI ) H Tl las | | i Sl

l 20171117 :__..;:; u 20171117 B =u3 ‘ Maxmmimumlikehhood

“;“"‘"‘ J?u_»—i-. ﬁ;“é} ‘,:-: *
5 anllan s, e T wle gliES
Ghcn 2V pos oSt g

(B9, 5 s gcn0) .5 5lw 00l Jol o (B) S
Fig (5). Implementation steps. (Source: authors)

Yo



VEY o liwal (¥ oylous A+ 0,90 Si9s8 508359 )uu

e Dlaslin g bools sy o0 Colei o g loylgnle pglai g baaisds 1 oolanwl 5 cadplxl rogi_ Lo jbg, & iwgh ()
&l & bgrpe Of mlie (8 St (il 5 el sl ) Jiis olsale 4 bgsye sl o8 ©jgoinay ol 035 )5 (39, sl
waass 58l 0 5) SNAP SANTINEL 1531 65 0 adsl la 35l i g 35l 5l (w5 oolital Yo AV/VVAY  YoAV/VYV/Y-
dilaio 3o ol lie CoteS g Jige sloygiSl 0y50 55 03V Sl sy 5l oy 9 938,518 Sl 5 41325 990 5 00lol gl (Uit sl
bl gy olas slas g L8 polal (g9, asdllas 5,90 adlain o a8y &g (G6) adads Vo g ol o Sai)b alex 5l daslllas 590
S b b (&S Ol s o Ll bl (7 SOl oad a8 518 sy 1203550 5550 ) 99 50 H1a0 5590 slaail SU5L ST &)
A o lsale yguas (STARFM i ,651) 5l ooliiwl b aslol o sl a8 5 )13 Ldow 5 43555 )90 o S § b (5995 cdilaio
08,5 ooliiwl ol il o 56Xl 51 (iSOl ol sl g oS 5l olas )l am 4 bgs e esdge o)lgale (MOD09) &Y gama b
B ol ooy solazul ‘(P)f ulfw) ULQQJ.:JM: UL...»JQ,MJ (u).w u] e JS 9 sJS.m.u)cJa.m 9o 4o ‘50.3.‘4 él..a.o‘ J‘dﬁf )| )9.‘4.\.0 Cyee®
ol ool aiBls a8 Ol Ll @ als o g0l esliul b adlate mlaw o 85 Ol ol Lled (6l

el eolaiul ¥ RGBS, cuS 5 oll =Y 0-5-F lawil (55, oS5 ool -) ¢ el (o O] pobie olulis (gl al> o
MNDWI _asLs §l sslizad ¥ NDVI

STARFM )63 51 ool =¥ el )5 olas 5l ams g 8 (6 o], (slooslo uiisSls, Gb5L dmolio =\ (pgo al> o

4 g 5°400°E >  45°500°E

0 12525 5 75 10

Laial

s o gala gl
daihas e aibets

® w_)_».\)y}:&i
Ol gy

@ (b b

.

o
=]
~
s

h g
©

.(Olf.\.i)lfé 1) . A Cawid gloslgnlo pguai (59 0 ol sl blii Cuxdgo (F) Ko
Fig (6). The location of the selected points on the Landsat 8 Satellite Image. (Source: Authors)
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Fig (11). Reflection profile on the warm mirage surface of Sarpol Zahab. A) Reflection profile on the warm mirage surface of
Sarpol Zahab before the earthquake. b) Reflection profile on the warm mirage surface of Sarpol Zahab after the earthquake
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Fig (12). Reflectance profile at the pixel level (warm mirage of Sarpol Zahab). A) Reflectance profile before the earthquake.
b) Reflectance profile after the earthquake
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Table (4). The mount of reflectance of the investigated points in two Radar images (Sentinel 1) before and after the
arthquake, Sigma 0-vv
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Fig (13). The reflectance of water sources Sigma 0 -vv
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