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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.
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Fig (2): Geological formations of the studied area (Source: Authors)
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Fig 2. Location of faults in the study area and mountain front fault (Mff). (source: authors)
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M ik Yo il q Wi A wily ¥ b $ Wiy o Wb f wil ¥ b Y Wb Yol
0/0334 0/0245 0/0116  0/0526  0/0156  0/063 0/0102 0/.128 0/013  0/0129  0/0334 ML
\/- Ve -12/2 -58/1 -2/63 718 -31/4 -51/3 -60/8 -66 -64/5 AL

@T 23l (Ll gl () Jasoww) 100y pgeai 9 (A Cawsdd) Son ! pglad oS 5 -Y-0-Y

B o SKaen LS o wilgl a5 1S o (53l pless glaisSas 1) alys «pglal oS 5 g, 9 lolarle slrosls 1 eolatwl Liwly cpl jo
A5 18 eolaiwls jae 5318 5 (gl ks SO
Silog S ‘_,b P b ‘s.aa.b x> walad |eLé\>| -Y-06-Y

LSy e JUis e 4 0 b SKiS5 ol 295 s o8l _cinb 5 SlSe a5 a3 30, VU yskiie 4 (s lsnle ol plial (glacSuiss
Sper Sl oS el JuSoy o j0 pleal pglas plesl sla by (n 5 Jgore 51 (o S o pleol pal 1) pslal (6 5 puseal 5 (Sg
PR Ls’ls"’ Sli OS] o5 pf 9 Cawddd gl (5,11;: S8 00V gl ez ol o el ouls adl) lea)b.&'bl.a polal CuilS
15 45 055 e Selag, Sl Wb b asidd 55 Sl e sl Saand o) g, 3l esbi b oL it 5 8 Canid g
3 ISl g 51 2l (6l g angs oo e 1o Il (SLus pglas 95 e (Se OS] (15,5 65 5l am (Y JS8) meile; ;10 Sl
S 95 (6L« JulS Cenlins SO rdls sl culed 5o g Jleel Gtz 155 Glus 9 p (59093590 F2eS) 29290 sla il 5 )b

2008 S 5 Sl Y ail B &b sl ISkl slus Lot

(OB, 1 gi0) «Silog S oy pgeai b oadpleol hub Wiz pslai (0 g (b Wiz palai (WIRGB () g (V) S
Fig (7). RGB color image a) multispectral images and b) multispectral images merged with panchromatic image. (source:
authors).

A%



VFeY Ll O o Lo Ve 090 39999909559 )0up

LR ).’ol&a 1 Jx.w 9 A Jx.w) J;d; JLo.C‘ )JBLAJ S99 MNDWI ua.’>l.w O 9 NDVI oo JLa).s ua.’>L.u )491.»44 ;,..5,, dalol BN
(w13 o Lioles I, MNAWI a5l

.(Olfé.i)@.i 1 &) (@i C.gL'm Giw i) fwsiw g A Cawadd poai g9y M NDWI uapua NOYN
Fig (8). Mndwi index on Landsat 8 and Sentinel 1 images (highlighting of water resources). (source: authors).

.(Q@&)L{} 1g0) Y fsoew (oA cawadd (I pelai g9y M NDWI ua.>l..fu ©oue &y ()
Fig (9). The numerical range of M NDWI index on images. a) Landsat 8. b) Sentinel 1 (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-wv
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