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Abstract

As a natural hazard, earthquake has always caused destruction and loss of human life throughout
history. Proper planning to prevent or reduce the destructive impact of earthquake hazard is of
particular importance. In this study, to prevent and decrease the risk of this phenomenon, faults were
detected and earthquake risk zoning was done in Rumeshkan County in Lorestan Province. For this
purpose, first, the lineaments in the region were detected by using 2013 satellite images from Landsat
8 OLI sensors (row 37 and pass 166) and applying Directional Filters in ENVI software, as well as
Lineament Extraction in Geomatica software. Afterwards, by comparing the lines with the constructed
band combinations, the Digital Elevation Model (DEM) and geological map of the study area were
investigated, the faults were separated, and their map was prepared in the Geographic Information
System (ArcGIS). In this study, by using expert judgment method and AHP-Fuzzy, the factors that
affected the risk of earthquakes in Rumeshkan County, including distance from fault, slope,
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geomorphology, lithology, and distance from epicenters of past earthquakes were weighted and the
seismic hazard map of the region was prepared. According to the obtained results, 31.8, 34.3, 10.3,
14.6, and 9.0% of the area were in very low, low, medium, high, and very high hazard classes,
respectively. Examination of the earthquake hazard sensitivity map showed that the highest sensitivity
to seismic hazard was in the eastern parts of the county and that the central parts had very low and low
risks; thus, settlement of population in the latter areas is recommended.

Keywords: earthquake, Rumeshkan, remote asensing, GIS, AHP-fuzzy

Introduction

Earthquakes have always been among the most important natural hazards. Every year, a large
number of people in the world are affected by the adverse effects of earthquake. To decrease human
and economic losses, as well as their social consequences, it is necessary to gain an accurate
knowledge of the risks of earthquakes in different places based on the current knowledge and the latest
reliable technologies. Risk zoning is an important approach in the pre-crisis management process that
greatly assists planners and managers to take measures to reduce earthquakes earthquake vulnerability.
The main issues are the selection of vulnerability criteria and the way of combining them, as well as
selecting an appropriate model that can best represent the rate of vulnerability.

Today, with the increasing science advancement, satellites and satellite imagery have progressed;
therefore, the use of remote sensing methods and satellite image processing appear to be highly
efficient for identifying and studying geological phenomena, such as faults and lineaments. GIS is also
one of the most powerful software in the field of environmental hazard mapping that contributes to
efficient management of spatial and temporal data.

Methodology

Manual, automatic, and semi-automatic methods are used to extract tha data of lineaments and
faults. In this study, a semi-automatic method was used, which is a combination of automatic and
manual methods and is more reliable with a good speed. For this purpose, the 2013 Landsat 8 images
taken by OLI sensor (row 37 and pass 166) were analyzed.

In this study, first the lineaments in this area were extracted by applying Lineament Extraction
Filter in Geomatica software. Then, by spatial highlighting and applying directional filters on 8-band
images obtained from the Landsat 8 satellite image of OLI sensor, as well as creating band
combinations, the faults in the area were manually identified.

AHP-fuzzy was used for earthquake hazard zoning in Rumeshkan County. In addition to the fault
map of the region, other factors, including slope, geomorphology, lithology, and distance from the
epicenters of past earthquakes, were used. The fuzzy hierarchical integrated model has a high
efficiency in earthquake risk zoning due to removing the inherent inaccuracy and uncertainty of
decision makers' perceptions and reflecting their opinions as a definitive number. After weighting the
factors, by combining the maps in the environment of Geographic Information System (GIS) software,
the earthquake zoning map of the region was prepared.

Discussion

In this research, after examining the factors affecting the earthquake risk, a map of each of the
factors was prepared in the environment of ArcGIS software. The results obtained from the analysis of
each factor were as follows:

The study of lithology and geomorphology of the region showed that due to the looseness of
Quaternary alluvial sediments, this unit had the highest sensitivity to earthquake hazard and the
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highest weight was assigned to it.

Investigation of the area slope according to the expert judgments indicated that the highest
sensitivity to earthquake hazard was related to the highest slope degrees, which could be attributed to
the low shear strength of materials at high slopes.

The results obtained from the study of the faults in the region revealed that sensitivity to
earthquakes increased by decreasing distance from the faults because earthquakes themselves were
caused by the movement of faults. Also, the sensitivity increased as the distances from the epicenters
of past earthquakes decreased.

After examining the factors affecting earthquake risk, the map of each factor was fuzzified by using
the fuzzy membership functions.

For this purpose, to standardize the maps, the slope and lithology maps were respectively obtained
through incremental linear and Gaussian membership functions to determine distances from the faults,
epicenters of old earthquakes, and geomorphology of the faults.

Considering the fact that each layer had a different impact on seismic hazard zoning, weighting of
the layers and substrates was necessary. In the hierarchical analysis process, first, a pairwise
comparison was done and the results were transferred to the Expert Choice software in order to
calculate the weight of each factor. Based on the obtained findings, the fault layer had the most
important role in preparing the seismic zoning map of the study area. According to the prepared
lineament maps, the faults were mostly concentrated in the eastern parts of Rumeshkan County.

Conclusion

Most studies concerning fracture and fault modeling in each region depend on analysis of
lineaments. In this research, a remote sensing technique (OLI sensor satellite imagery) was used to
obtain an integrated digital map of the region's lineaments. The results showed that the use of a semi-
automatic method was one of the fastest and most accurate approaches for extracting the maps of
faults and fractures.

In this study, 5 factors were selected as effective factors in the seismic hazard zoning of
Rumeshkan City. Prioritization of the factors by using the hierarchical analysis showed that the factors
of distance from fault, distances from epicenters of past earthquakes, lithology, slope, and
geomorphology played the most important roles in preparing the seismic hazard map, respectively.

According to the results of seismic hazard zoning, >23% of the area was in the high- and very high-
risk classes, covering most of the eastern part of the study area. Combination of the residential area
map with the earthquake risk zoning map also showed that the residential areas located in the eastern,
western, and central parts were in high- and very high-risk classes, low- to medium-risk class, and
very low- and low-risk classes, respectively. Chagabol, the capital of the county, was located at the
central part.
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Table (2) The AHP Evaluation Scale (Saaty, 1980)
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Figure (3) Map of lines and faults in the study area
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Figure (4) Aview of the southwestern branch of fault F1
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Figure (6) Map of factors affecting earthquake hazard zonation in Rumeshkan County



VEY Dl Y ojled A by P8 b aes 532,00 5 5 Wi VY

st e ay (23055 s o5 Jome sl shuag 53 sl U LY 51K s Syl 4 a5 L
S RN Y RS NGV I W I\ 0 Rl VPSSO OV WESS S S O boe R LR W= i I Y g SV ¥y Py
S a0l loe | glatans sdalsay ult 5 anslie wa b o3 4 55 Y 55 gl b il 30 ealdes
S8l o b dnlme Sl o Jol> gl A esls Jlis! Expert Choice Ssle 5 4y sddeslinal gla, 55U
21y G ot S Yl il (8 Jstr) ol 6 plnil e y3a Ll 4S5 5 OF Sias 0L
ol andllans s go b oo (slao Jipe s st (sl 08 g

S 0w B g S Jelse lamlie w5l () i
Table (3) The Comparison Matrix of the Factors Used in the earthquake Hazard Zonation

e ;
) 033 SAies R A bl
oL
o3 omes O sl dols | (65058, 50585 SN S5 sl | s
AT Viag Y /0 ¥ias ) _
/e Y 0 Al ) S5l alss
Y WARN /0 Y | S5 s
/Y AL ) S3Ss 5
AR \ A))u-:‘) U"JK)‘ ol

ik s eslinal g3 /4 LS See 5l ArcMap J‘P‘(’J.’ Lo j3 0 Jipme) st L0848 ol gl e
Q/' B} \f./-\ c\'/Y‘ cY‘f./Y‘ c‘y\//\ s_,._.;jd._’ o.»\._dig:ﬁ-wbk_: GLJ.- ‘}Ja (\/ J.i.:) L L;.‘.‘d'." Ji.;.»\g.; L’ ‘L’K"‘:’. JA‘}&
CM»‘ wjf)lj.% bli)gl:"ﬁ"lf.) c.la.w).'lﬁ cécé&#dhw%})kﬁ@ﬁ&}wﬂ M)b

718000 724000 730000 736000 742000
1 1 1 1 1

S5 s BHESNTE
o5 O LA

B <.

13> =

>

B - 0 5,000 10,000
T s sy mmmmw | Meters ~

718000 724000 730000 736000 742000
bm‘,‘) b‘:ﬂ'*&); ej)w})ﬂ:’- ‘5-34.4;& 3.:5.3 (V) Jg.:'
Figure (7) The earthquake Hazard Zonation Map of Rumeshkan County
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