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Abstract

Earthquakes occur randomly in space and time, rgakaturate predictions challenging. However, edtimgaearthquake
occurrences to a certain extent is possible. Thidysemploys Probabilistic Seismic Hazard AnalysisHRBfor the Pokhara
Metropolitan City. The process involves preparimgearthquake catalog through data collection, h@anizgition, merging,
declustering, and completeness analysis. Subségusmirce characterization identifies seven are@insic sources: MHT,
NG-1, NG-2, NG-3, NE, NW, and South. G-R paramet@rand 'b' are then calculated. Finally, grouratiom predicting
equations are chosen, and site effects in the fafriis30 values are incorporated. Using R-crisis safey the hazard,
expressed as Peak Ground Acceleration (PGA) aradrapacceleration (SA) for 2% and 10% probabitifyexceedance over
50 years, is computed throughout the Pokhara Melitap City.

Keywords: PSHA, R-CRISIS, PGA, SA, Pokhara Valley, KTP station, 2015 Gorkha Earthquake

1. INTRODUCTION

Nepal lies in a seismically active region[1]. Adarpart of the reason why Nepal is considered to
seismically active is due to the presence of a rH#imalayan thrust that spans throughout the count
The main Himalayan thrust present in the subduct@re is the main source of seismic hazards in t
country [2]. The Himalayas in the North were créads a result of the continuous collision of th
Eurasian plate with the Indian plate. These plates the collision are all situated in the subdurctic
zone. History shows that there has been the appeadd large earthquakes in Nepal. The earthqual
of 1897, 1905,1934, 1950, and the latest 2015 Gorsarthquake are some of the destructi
earthquakes that have occurred in Nepal.

Earthquakes occur when the elastic energy is redetasough the rupture of the fault and the earkqu

is felt in the form of ground motion on the surfaPekhara is one of the most popular cities of Nep:
particularly admired for its natural scenery. Hoeeuwhe presence of this city is associated with tl
disastrous earthquakes of the past; in particular, the earthquakes that occurred about 750+/-50
according to the detailddC datings [3] Historical records show that thereehbeen three significant
earthquakes that have shaped the Pokhara VallegeTdre the earthquakes (moment magnitude>8)
1100,1255 and 1344 A.D[3]. Each time the earthqueakerred, there was an avalanche in the Sabc
which is surrounded by the peaks of Annapurna Myd@purna lll, and Macchapuchuare from east
west and because of that, there was a huge fladelofis from the mountains into the valley[4]. Thi
debris mostly contained the gravel discharge[4][$le Pokhara gravels form the primary compone
of the basin fill, with their upper-layer serving e foundation beneath the geomorphological serfe
on which the town of Pokhara has been constryéied].

As the history and the origin of the Pokhara mailitgn city are associated with high-magnitud
earthquakes, this research is necessary to beiterstand how the earthquakes will affect the icity
the future.
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2. LITERATURE REVIEW

Khanal et al.,2023[8] compared G-Rparameters using LSM and MLM methods, analyzing seismic
events from 1900 to 2021 in Nepal. Results showed G-R parameters of 3.59 and 0.72 (LSM) and 5.51
and 0.61 (MLM) for the complete catalog. When considering only the MHT as a source, the parameters
were 3.06 and 0.71 (LSM) and 6.72 and 0.98 (MLM). The MHT is a subduction interface, with a
suggested b value of around 1. The results showed that MLM better represented seismicity for well-
characterized source zones compared to LSM.

The declustering algorithm used in probabilistic seismic hazard analysis (PSHA) can have a significant
impact on the results. In a study by Chhetri et al. (2022)[9], the authors investigated the effect of
different declustering algorithms; Reasenberg,1985[10] and Gardner and Knopoff(1974)[11] on PSHA
for Kathmandu Valley. They found that the Gardner-Knopoff (1974) declustering algorithm produced
results that were closest to the PGA value obtained at the KTP station. This suggests that the Gardner-
Knopoff (1974) declustering algorithm is more effective than the other two models for declustering
purposes in this region.

Chamlagain & Niroula, 2020[2] conducted a probabilistic seismic hazard analysis by considering the
three-dimensional geometry of the main Himalayan thrust. In the paper, two different geometric ramp
models; single and double were considered. PSHA was determined separately using these ramp models
and the results were compared. The results showed that the PGA value for the 760-year return period
for the single ramp model was 0.25g and for the double ramp, the model was 0.27g. Furthermore, these
values were validated by the PGA value of 0.26g of the 2015 Gorkha Earthquake. This paper showed
that the use of the models whether it be single or double ramp did not play any significant difference in
estimating the PGA values. This research further mentioned the inadequacy of GMPEs due to the lack
of significant differences in PGA values.

Baruwal et al., 2020[12] conducted a seismic hazard assessment for Pokhara Valley using earthquake
data from 1900-2020. They homogenized the catalog with Scordilis (2006)[13] and Ambraseeys
(2000)[14], declustered with Gardner & Knopoff (1974)[11], and assessed completeness with Stepp
(1972)[14]. Source characterization involved dividing the area into seven sources, using Wells and
Coppersmith (1994) [16] models. Seismicity parameters and ground motion attenuation were
considered, resulting in seismic hazard curves. For a 10% probability, Peak Ground Acceleration (PGA)
at soil and rock sites were 0.525g and 0.387g; for a 2% probability, they were 0.915g and 0.694g,
respectively.

Pradhan et al., 2020[17] conducted the PSHA of Nepal.PGA for a 500-year return period was estimated
at the bedrock level. A hazard map to show the results of probabilistic seismic hazard analysis was
prepared in this paper. R-CRISIS software was used for preparing the hazard map. The results of this
research showed the PGA values in the range of 0.09g to 0.5g with maximum hazard in the Western and
Eastern parts of Nepal.

3. Methodology
3.1 Study Area
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Figure 1 Map of Pokhara Metropolitan City (Source: Pokhara Metropolitan)
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Pokhara lies in the lap of the lesser Himalayan endébcated on the west side of MHIS8]
GeographicallyPokhara Valley is located between 28°10'00" I98416'00" N latitude and 83°58'30"
to 84°02'03" E longitude. The valley consists of&8ds with a total area of 462.2 krRokhara is one
of the largest growing cities of Nepal. The urbatizn of the city has been going on rapidly. Thouc
the urbanization of the city has been going ondigipt is not going in a planned wd¥]. The seismic
building design in the Pokhara Metropolitan Cityfdse the introduction of NBC:105 in 1994 was
conducted using the IS code. This NBC: 105 codestsmic design of buildings in Nepal ha
undergone many revisions the latest being in 2020 Ahis means that many of the older buildings i
Pokhara were designed using the IS code; without taking into account the actual seismicity of the region.
The NBC was implemented more after the 2015 A.Dintprove the seismic performance of th
buildings. However, the code failed to give the-sipecific seismic zone factors which are extreme
important for the seismic design of the buildin@snsidering how the land is shaped in Pokhara, he
the city has grown chaotically, and the way buildimave been designed over the years, it makes
area more vulnerable or more likely to experieremmage during earthquakes. unplanned urbanizatir
and the building design throughout the years; Thus, it is necessary to have proper site-specific seismic
zone factor values for the seismic design and cactsdn of the buildings in Pokhara Metropolitatyci

3.2 Catalog of Earthquake Events

The earthquake data was collected for Nepal arglit®unding region within 26° N to 32° N latitude
and 79° E to 89°E longitude. This was done by doadiing and compiling the seismic data from glob.
seismic activity monitoring platforms like Unitedafes Geological Survey, GCMT, and ISC. The fini
compiled catalog contains the record of the pashg@aake events starting from the year 1900 A.D.
2023 A.D. The data is collected from these eartkguacording sites because Nepal has only a f
seismic stations and as a result, we only getla diata on earthquake events, which may not begino
to make an earthquake catalog.

3.3 Homogenization and Merging

Homogenization is the process of converting athef different types of magnitude into a single typ:
in this case, moment magnitude,MBefore the homogenization and merging of thelogts done the
duplicate events are to be removed because theg&alerived from the different recording sitesla
thus, there is a high chance of duplication ofehents in the catalog. Thus, the merging of thalogt
allows to keep only one such event. Homogenizasaone using the equations developed by Nath
al.,2017[20], and all of the magnitude is convertednoment magnitude as it does not under
saturation like over any magnitude range, wherghsraypes of magnitude do. For example, tF
surface wave magnitude of an earthquake gets $aduirathe magnitude range of 7-8. Similarly, th
body and local wave magnitude get saturated ewdirrgize., in the magnitude range of 6-7. Therefor
moment magnitude is more preferred.

3.4 Declustering

Declustering is the process of removing the depaneleents of the earthquake such as foreshocks i
aftershocks. Gardner and Knopoff, 1974[11] algonshwill be used for declustering. This algorithn
was chosen by studying the research conducted Ihet@het al.,, 2022[9] where the researche
compared the effect of declustering algorithms fauchd Gardner & Knopoff, 1974[11] to be the bes
declustering model for a well-characterized souftris, declustering was done using the Gardner
Knopoff, 1974 algorithms with the help of the Z ntapl in MATLAB.
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Figure 2 Earthquake events after declustering
3.4 CompletenessAnalysis

Completeness analysis is done to check the commeleseof the earthquake catalog. Completeness
analysis gives the minimum threshold of magnituelgomd which the earthquake catalog is complete.
Stepp, 1972[15] is used for completeness analgsipp, 1972 algorithms based on MLM on MATLAB
will be used for completeness analysis and alsdahfercomputation of the G-R parameters based on
Kijko,1988[21]. MLM is chosen for the completenemsalysis because it takes into consideration
uncertainties associated with the earthquake madgstand also considers the earthquake magnitude:
larger than the observed highest magnitude [21][R3M on the other hand is favourable for the
estimation of the probabilities of the highest magte of earthquakes[23]. Similarly, the resultshe
research conducted by Chhetri et al., 2022[9] migid that for well-characterized source zones, the
MLM better represents the seismicity of the soul@n the LSM. Therefore, MLM is chosen in this
study.

3.5 Source Char acterization
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Figure 3 Source Zones

Source characterization is necessary to recogtigeseismic sources and quantify the various
uncertainties that are connected with source parameters. There are two main uncertainties; spatial
uncertainty and size uncertainty associated witthgaakes. Spatial uncertainty refers to the laick o
knowledge of the geographical position of the fatwarthquake. Size uncertainty refers to the
knowledge gap in knowing the magnitude with whioh earthquake will occur in the future. These
uncertainties are taken into consideration by soal@aracterization. To consider spatial uncertamty
earthquake occurrence, seven seismic source zameshasen based on literature references,
specifically Stevens et al., 2018[24], and Chanilagad Niroula, 2020[2]. These identified source
zones help account for spatial uncertainty by agsgithat earthquakes can originate from any ofahes
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Only the areal sources are considered in this stndlythe zones are selected based on the locat
occurrence time, and past earthquake pattern. Tex@n sources are named Main Himalayan Thr
(MHT), North East (NE), Northern Graben-1 (NG1),rif@rn Graben-2 (NG2), Northern Graben-.
(NG3), Northwest (NW) and South. The reasons ferdélection of these source zones are mentior
below.

Main Himalayan Thrust

Main Himalayan Thrust is a geological structurepmssible for the convergence of the Indian Pla
beneath the Eurasian Plate, resulting in the dynéanidscape of the Himalayan region and giving rit
to seismic activity in the area. MHT has the cayaaf producing very large earthquakes and based
historical data, MHT contributes to the highesssgc hazard in Nepal[24].

Northern Grabens

In the southern Tibetan plateau, there lies théhrswuth striking grabens. These grabens were frir
to accommodate the stretching of the earth’s ciitbg. cause of the stretching were the forces acti
perpendicular to the Himalayan arc[24][25][26][2W. this plateau, there are many grabens one
which is the Thakkhola graben, which stands 30kuevin the north and decreases to merely 2km
the south[24]. Along the western margin of the THiaia graben, there is the Dangardzong normr
fault. Similarly, Gyirong, Kung Co, and Pum Qu ather grabens in the southern Tibetan platee
Historical records show the presence of earthquakis moment magnitude greater than six in th
Thakkhola and Pum Qu grabens[24]. Therefore, baseke presence of Grabens, the northern grab:
are divided as northern graben-1, 2, and 3 (NG@;2\Nand NG-3) in this research.

Northeast and Northwest

In the Northeast and Northwest parts of Nepal,teceable concentration or cluster of seismic atési
can be observed (Figure 4). These events are diedférred strike-slip faults associated with th
Shillong Plateau in the east and the Northwest fiuthe west [2]. In the northwest, there is th
Karakoram fault and this fault is known to be aetsince the last known glacial advance [24][28].

South

In comparison to the Himalayan mountains, the IG@mgetic plain doesn't experience earthquakes
often. However, now and then, there are moderatbaakes in this flat region. These earthquak
might happen because the Indian plate is bendiftghasves.

To take into account the shaking of the earthquak#ése model, the Indo-Gangetic plain is takema as
separate area in this research. We consider itsaomin in the models because it's different from tt
Himalayas [2]. This helps to understand how earkgs work in this region better. But first, this i
done by considering the south as a separate spoines

3.6 G-R parameters

Gutenberg-Ritcher law states that the magnitudaebefarthquakes are distributed exponentially
LoglON(m) = a — bm, where N(m) is the number ofleprakes that have a magnitude greater than
equal to m. ‘a’ is constant and indicates the tetasmic or earthquake activity in the particulezaa

and ‘b’ value gives the ratio between the small lange earthquakes[29].

After the data filtration is completed, G-R paraemstare computed using the maximum likelihoc
method by Kijko, 1988 [21] using the Z map tooMATLAB.

The values of G-R parameters are calculated in M¥g lfollowing the maximum likelihood method
for the six sources MHT, NE, NG1, NG2, NG3, and NMie seismic events recorded in the sou
seismic source zone are quite low in number andidsémum likelihood method in MATLAB cannot
be carried out with the available amount of dataer&fore, the least square method is followed
compute the a and b values of south seismic saomes.
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As per Stevens et al., 2018[24], the b value of MhiIst fall within the range of 1+/-0.05 while fdwet
all-other source zones NG-1, NG-2, NGGSouth, NE, and NW; it must fall within 1+/-0.025. All of the
computed b value in this paper is within thosetbnais seen in Table 1.

Table 1 Shows the seismicity parameters and referéor the maximum magnitude needed for tr
hazard computation

Source | a b Min. | Max. | References for Max. M
Zones Mw Muw

MHT 7.868 | 1 5.2 9 Stevens & Avouac(2016)
NE 7.235 | 0.98| 4.9 6.9 Earthquake Catalog

NG1 5.663 | 1.02| 5.2 7.1 Elliot et al.,2010

NG2 6.276 | 1.02| 4.9 7.396 Earthquake Catalog
NG3 7.307 | 098] 4.9 7.16
NW 7579 | 1.05| 4.9 7.1 Murphy et al.,2014
South 5.44 097 4 7 Chamlagain & Niroula, 2020

Also, to calculate the annual rate of exceedahiehe bounded Gutenberg-Ritcher law is followec
The formula for the annual rate of exceedance is

Annual rate of exceedanc®) (= exp-Bmo)*[exp(-B(Mu-my))-exp(H*(mu-my))]/(1- exp(($*(Mu-
mO)))) for m, < M < Mmax

where,a= 2.303*a an@=2.303*b

The bounded Gutenberg Ritcher law is also helpfuldcrease the seismic risk of any region as unt

the normal G-R law, the seismic source can prodngemagnitude of earthquake. Thus, in PSHA, ti
Bounded Gutenberg-Ritcher law is used to reprabenhazard.

3.7 Ground Motion Predicting Equations and the Estimation of Hazard

The Ground Motion Prediction Equation (GMPE) isumdamental tool used in seismology an
earthquake engineering to estimate the level ofimtamnotion, such as ground shaking, velocity, «
acceleration, that can be expected at a specifatitin due to an earthquake occurring at a paaticu
source location. GMPEs specifically tailored to Blepr the Himalayan region have not bee
established due to the scarcity of strong-motioia desulting from inadequate instrumentatjas).
The creation of reliable Ground Motion Predictioquiations for a particular area heavily relies an tt
availability of comprehensive strong-motion datemied from earthquakes within that region.

R-CRISIS is a Windows-based software designeddoduacting Probabilistic Seismic Hazard Analysi
(PSHA) through a fully probabilistic approach. drgrates output in the form of hazard curves a
hazard values. The software includes various littround Motion Prediction Equations (GMPEs
tailored for different source zone categories. fegrate these GMPESs, a weightage approach v
employed, selecting the most appropriate equatiased on the weighted approach outlined by Nirot
& Chamlagain, 2020[2]. The figure below illustratdse combination of models with suitable
weightage.
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Ground Motion Prediction Equations

Weight

Abrahamson et al. (2014)
NGAWest2

Active
Shallow Crust

Chiou and Youngs (2014) NGA-West2

Campbell and Bozorgnia (2008)
NGA

Stable

Atkinson and Boore (2006)
Continental

Area Tavakoli and Pezeshk (2005)

Atkinson and Boore (2003)

Kanno (2006)

Zhao et al. (2006)

Interface

Figure 4 Hybrid models of GMPE

Tectonically, the MHT source is classified as a subduction interface where plates converge. The South
and North grabens (NG-1, NG-2, and NG-3) are identified as active shallow crust regions, while the
North-East and North-West sources are designated as stable continental areas. Accordingly, relevant
Ground Motion Prediction Equations (GMPESs) are used from the hybrid models seen in the figure
above.

3.8 Site Effects

The average shear wave velocity at 30m depth or Vsj3¢is included to incorporate the site effect in this
study. The inclusion of the Vs3y value has become a common practice or standard to represent the
seismic site conditions. The condition at the site plays a huge role in the potential damage from the
seismic waves coming from the earthquakes, especially of large magnitude [30].

The Vs3o values in m/s for the Pokhara metropolitan city are downloaded from the USGS V3o database
map. These values are included in the R-crisis software to show the local site effects. The map of
Pokhara showing Vs3o values is shown in the figure below.

&

Figure 5 Map showing the Vs3o value in Pokhara metropolitan city.

Finally, the seismic hazard is computed at the bedrock level and ground level using the R-CRISIS
software.
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3.9 Validation

The Peak Ground Acceleration (PGA) value calculated at the KTP station on a rock site was 0.246g for
a 10% probability of exceedance in 50 years. This closely aligns with the recorded PGA of 0.2599g
during the 2015 Gorkha earthquake, resulting in a difference in error of 5.34%. This level of error
indicates a successful validation of the model, signifying that the model's outcomes are in strong
agreement with observed data. It's worth noting that this error could be attributed to the oversight of
seismic source geometry in this study.

4. RESULTS AND DISCUSSION

The PGA values for the Pokhara metropolitan city at the ground level range from 0.425-0.402¢ for a
2% probability of exceedance in 50 years and 0.329-0.313g for a 10% probability of exceedance in 50
years. The estimated PGA value for Pokhara metropolitan city at the bedrock level for 2% and 10%
probability of exceedance in 50 years are in the range of 0.358g-0.353g, and 0.229-0.226g respectively.

PGA 2% probability of 10% probability of
exceedance in 50 years exceedance in 50 years
Bedrock 0.358¢g- 0.229-0.226g
0.353¢g
Ground 0.425¢- 0.329g-0.313¢g
level 0.402g

In the range shown above, high PGA values indicate higher hazard whereas low PGA values indicate
low potential hazard in the city.

o 1m 3

PGA map at bedrock level for 2% probabilty of exceedance in 50 years

Figure 6 PGA map of Pokhara metropolitan city for 2% probability of exceedance in 50 years at bedrock level

PGA map at bedrock level for 10% probability of exceedance in 50 years

Figure 7 PGA map of Pokhara metropolitan city for 10% probability of exceedance in 50 years at bedrock level
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PGA map at ground level for 2% probability of exceedance in 50 years

Figure 8 PGA map of Pokhara metropolitan city for 2% probability of exceedance in 50 years at the ground

level

LN

PGA map at ground level for 10% probabiity of exceedance in 50 years

Figure 9 PGA map of Pokhara metropolitan city for 10% probability of exceedance in 50 years at
ground level

Response Spectra for 2% Probability of exceedance in 50 years

Period(s)

~s—Max SA(g) atbedrock  —#—Min SA(g)at bedrock
~o—Max SA(g) at gromdlevel —+— Min SA (g) at gromdlevel

Figure 10 Response spectra period of 0-3seconds for 2% probability of exceedance in 50 years
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Response Spectra for 10% Probability of exceedance in 50
years
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—+—Max SA(g) atbedrock  —e—MinSA(g)at bedrock

Max SA(g) at gromdlevel Min SA (g) at gromdlevel

Figure 11 Response spectra period of 0-3 seconds for 10% probability of exceedance in 50 years.

The research findings reveal that PGA (Peak Ground Acceleration) values across different areas within
the Pokhara metropolitan city display variability rather than uniformity, falling within a range. Notably,
disparities in hazard values between rock and ground can be observed. At the bedrock level, the hazard
values exhibit a descending order from North to South. This discrepancy is primarily attributed to the
seismic coupling of the Main Himalayan Thrust (MHT) as it progresses from North to South.

Similarly, at the ground level, observations indicate variations in both PGA and SA (spectral
acceleration) values within the city, with the highest hazard identified in the Southern part. The
contrasting hazard values at the ground level arise from differences in shear wave velocity. Regions
with higher shear wave velocity correspond to elevated hazard levels, while areas with lower shear
wave velocity exhibit lower levels of hazard.

Overall, the highest hazard can be seen in the South Eastern and South Western parts of the city. Notably,
hazard values are more pronounced in the hillside areas compared to the flat terrain within the city. This
is because shear wave velocity based on slope data is used to indicate the site effect. Areas with higher
slopes have higher shear wave velocity and, thus, higher levels of hazard. Ward number 33, followed
by 32 and 21, shows the highest seismic hazard, while the lowest hazard is observed in wards number
19, 16, and 2.

The Nepal National Building Code (NBC: 105:2020) specifies a peak ground acceleration (PGA) value
of 0.3g for Pokhara Metropolitan City, for a 10% probability of exceedance in 50 years. In this research,
PGA values are computed ranging from 0.313g to 0.329g for the same probability and time frame at
ground level. While the results are similar, they are not identical, possibly due to the NBC:105:2020
considering soil non-linearity in hazard computation, a factor not addressed in this study. The NBC code
classifies soil into types A, B, C, and D, incorporating site effects data for hazard computation. The soil
type A is recognized as the hard or stiff soil types, B is recognized as medium soil types, C as the soft
soil sites and D as very soft soil types. In contrast, this study uses site effect data from USGS based on
topographical slope rather than actual soil data, potentially contributing to the differences in PGA
values. It's important to assess and address these variations by reviewing methodologies, comparing
soil classifications, and consulting experts in seismic hazard analysis. From this research, it can be said
that the hazard estimated for Pokhara Metropolitan City, especially for the design of earthquake
resistance structures is quite low, and proper revision of the code for hazard purposes in the context of
Pokhara Metropolitan City is necessary.

The obtained results were compared with findings from previous research relevant to this study.
Baruwal et al., 2020[12], reported a PGA of 0.525g for a 10% probability of exceedance in 50 years
and 0.915g for a 2% probability of exceedance in 50 years at a soil site. Discrepancies between these
values and the current study may arise from differences in source characterization, attenuation models
utilized, and computation methods. Specifically, Baruwal et al., 2020[12], manually computed hazard
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values, while this research employs software assist for the analysis. Additionally, the attenuatic
model in the previous study was based on Youngsé,1997[31], whereas the present study emplo
various hybrid models for attenuation relationships

Similarly, Ram & Wang, 2013[31], computed PGA va s the bedrock level for Pokhara within th
range of 0.425-0.475g for a 10% probability of eedance in 50 years and 0.85-0.925¢g for a 2
probability of exceedance in 50 years. These figdiffer significantly from the values calculated i
this study, primarily due to variations in homogetion techniques, attenuation models, and theerar
of recorded values from the earthquake catalog. RaMang, 2013[33], utilized earthquake record
from 1964-2011, while this study's catalog is basedarthquake records spanning from 1900-20z
Furthermore, all earthquake magnitudes were honipgernnto surface wave magnitude, and Nep
was divided into 23 seismic source zones, withffer@int attenuation model utilized in Ram & Wang'
research, sourced from CEA, 2005, China[32], a®se@ to the model employed in this study.

5 SUGGESTION AND RECOMMENDATIONS

The findings of this researcthe PGA and SA values can be used to identify thieerable and risky
areas within the city. This will help in land usaming, and prepare for any kind of emergencias tf
may occur in the future due to seismic hazardsil&ilyy the PGA and SA values can be used to eséim:
the seismic loads, and based on that the desigmuaftures can be done.

From this research, it can be recommended thaadhgriake catalog be prepared by collecting mc
and the latest earthquake data from different déngrsources. This will help in representing th
seismicity rate of the study area more accuratetl/leelp in the better computation of ground motic
parameters. Moreover, the region-specific grountiongredicting equations must be applied for tr
better computation of the hazard values. Similastiier different kinds of source zones such ag fa
sources, line sources, etc could be considered, &is 3D geometry of the fault and source zonas ¢
be considered to represent the hazard values naoteadely. Moreover, the site effect data based
the local soil data obtained rather than the slogmed data can be used to represent the site ieffec
future studies. This is because if the slope-bakedr wave velocity data is used, the areas wagheni
slopes will have higher hazards whereas the ardbbwer slopes will contain lower hazards. This
will not justify the non-linear property of the sdiherefore site effect data based on actual Iecdl
data must be used.
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