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Abstract 

Northwestern Himalaya is one of the most tectonically active domains of the Himalayan arc. The prevailing complex 
collisional tectonic setup is able to produce destructive earthquakes, most recent being the 8 October 2005 Kashmir 
earthquake (M7.6). In this study, the probabilistic seismic hazard assessment of the Kashmir basin of northwestern 
Himalaya is presented. The seismic hazard is assessed using point, areal and linear source models employing appro-
priate ground motion prediction equations to predict the expected ground motions. The seismic hazard maps are 
expressed in terms of g, seismic hazard curves at 2% and 10% probability of exceedance in 50 years and the design 
response spectra at 5% damping for four major towns of the basin at the engineering bedrock. The results are 
expressed as the hypocentral depth-wise hazard maps, predicted peak ground acceleration (PGA), pseudo-spectral 
acceleration (PSA) with 2% and 10% probability of exceedance within 50 years and the design response spectra with 
5% damping of four major towns of Kashmir for engineering bedrock sites. The hypocentral depth-wise maps are 
shown in the ranges of 0–25 km, 25–70 km and > 70 km with 10% probability of exceedance in 50 years. The com-
putation is based on smoothly gridded seismicity for each depth zone with a return period of 475 years. With the 
seismic source zones considered as sources, the seismic hazard maps show predicted peak ground acceleration (PGA) 
and pseudo-spectral acceleration (PSA) with 2% and 10% probability of exceedance within 50 years for engineering 
bedrock sites. The PSA maps are expressed in g at 0.2 and 1 s (s). From this preliminary study it is evident that overall 
Kashmir basin shows a very high seismic hazard, with southeastern part showing relatively higher hazard as com-
pared to northwestern part. Among the major benchmark towns all show high predicted PGA, Anantnag shows the 
highest (0.65g). The present study thus advocates a significantly higher seismic hazard as compared to the BIS In: IS 
1893–2002 (Part 1): Indian standard criteria for earthquake resistant design of structures, Part 1—general provisions 
and buildings, (2002).
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Introduction
Seismic hazard refers to the probability of certain level 
of ground shaking in a given period of time. The effec-
tive ground motion is usually expressed as peak ground 
acceleration (g), and the assessment is either carried out 
by deterministic or probabilistic approach. In the deter-
ministic method, a maximum credible earthquake likely 
to occur in the vicinity of the site of interest is estimated 
and the maximum credible level of ground motion is 

determined. While as in the probabilistic assessment, 
numerical probabilities are assigned to earthquake occur-
rences and their effects during a specific time period, 
such as the life of a given engineering structure (Yeats 
et al. 1997; Suckale et al. 2005). Usually earthquake cata-
logue is used as the primary probabilistic tool for project-
ing future events (Cornell 1968) but some seismic hazard 
assessment studies like Ward (1994) have used GPS data 
also. The basic foundations of the probabilistic seismic 
hazard assessment (PSHA) methodology were overlain 
by Cornell (1968) and McGuire (1976); since then there 
have been various modifications and developments in 
this basic framework. Cornell (1971) modified his ear-
lier method (Cornell 1968) by introducing the concept 
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of ground motion uncertainty, which is explained as the 
fact that ground motion could be different for two differ-
ent earthquakes of the same magnitude occurring at the 
same distance. Zone free approach of Woo (1996) and 
Kramer’s (1996) incorporation of ground motion predic-
tion equations (GMPE) with standard deviation in the 
probability calculation are also significant developments. 
Finally, uncertainties are taken into account in the frame-
work by a weighted sum of various seismic source mod-
els, GMPEs and other seismicity parameters.

In the probabilistic seismic hazard analysis, the col-
lective effect of all the earthquakes of different mag-
nitudes occurring at different locations produced by 
different earthquake sources at different probabilities 
of occurrence is integrated into a single hazard curve. It 
is assumed that the earthquakes follow the Poisson dis-
tribution. The hazard curve depicts the probability of 
exceeding different levels of ground motion, in this case 
peak ground acceleration (g), during a specified period of 
time, which is represented as follows:

where E(Z) is the expected ground motion exceedance 
level (z) during a specific time period ( t ), αi is the mean 
rate of occurrence of earthquakes between lower ( mmin ) 
and upper bound magnitude ( mmax ), fi(m) is the prob-
ability density distribution of magnitude with a speci-
fied source, fr(r) is the probability density distribution of 
epicentral distance between different locations with the 
specified source and the site of hazard estimation, and 
P(Z > z|m, r) is the probability that an earthquake of 
magnitude ( m ) with an epicentral distance of ( r ) from the 
site will exceed the ground motion ( z ), which is derived 
from the Gutenberg–Richter (G–R) relation (Guttenberg 
and Richter 1944). Finally, the logic tree framework is 
employed in the computation at each site to incorporate 
multiple models in source considerations, GMPEs and 
seismicity parameters.

In this study, the seismic hazard assessment of the 
Kashmir basin of northwestern Himalaya adopting the 
probabilistic approach is presented. It is the most popu-
lous division of the state of Jammu and Kashmir, home to 
about 7 million inhabitants. This basin is surrounded by 
faults which are capable of generating disastrous earth-
quakes (Fig. 1). These earthquakes are documented in the 
historical archives (e.g. Ambraseys and Douglas 2004; 
Ahmad et  al. 2014) and recorded in the instrumental 
databases as well. The most recent of these earthquakes 
is the 8 October 2005 Kashmir earthquake with a mag-
nitude (Mw) of 7.6. This earthquake caused widespread 
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damage and destruction, triggering landslides and liq-
uefaction and causing about 86,000 casualties and about 
69,000 injuries (Avouac et al. 2006; Sana and Nath 2016a). 
Although Muzaffarabad was the worst affected area, 
northwestern part of the Kashmir Valley (Baramulla and 
Kupwara Districts) was also heavily affected, and 80 per-
cent of the Uri town of Baramulla district was destroyed 
(Fig.  1). Overall, in the Kashmir region at least 32,335 
buildings collapsed as a result of this earthquake (Hayes 
et al. 2017). So the motivation of this study to assess the 
seismic hazard of Kashmir basin is that the basin is not 
only a population center but there are large infrastruc-
ture projects like dams and tunnels underway or in future 
plan. Given the active tectonic setup in and around 
the basin capable to produce destructive earthquakes 
recorded in historical and recent earthquake records. The 
exposure of the population and infrastructure to the seis-
mic hazard is very high and is underappreciated.

As per the national seismic hazard map of India (BIS 
2002), Kashmir basin lies in Zone-V, which corresponds 
to the peak ground acceleration (PGA) of 0.4  g. As far 
as the seismic hazard assessment is concerned, the first-
order deterministic seismic hazard assessment (DSHA) 
study of India was carried out by Parvez et  al. (2003), 
wherein seismic hazard parameters were expressed in 
terms of design ground acceleration (g), peak ground 
velocity (cm/s) and peak ground displacement (cm). 
whereas the PSHA studies of India were conducted by 
Bhatia (1999) under Global Seismic Hazard Assessment 
Program (GSHAP) and recently by Nath and Thingbai-
jam (2012). In these studies, the hazard levels were pre-
sented as peak ground acceleration (PGA). But in order 
to assess the seismic hazard at regional level these studies 
conducted at much larger scale are not sufficient, so the 
results of these studies can be applied in the development 
of region-specific standard building code to design the 
earthquake resistant structures, land-use planning, haz-
ard management, risk assessments and mitigation.

Geologic and tectonic framework
The Kashmir valley is a northwest-southeast directed 
tectonic basin in the northwestern Himalaya approxi-
mately ~ 140 km long and ~ 60 km wide. This intermoun-
tain Neogene-Quaternary basin is an important unit of 
the northwest Himalayan fold and thrust belt. The met-
amorphosed basement of this basin is overlain by thick 
fluvio-lacustrine (Cenozoic to Quaternary) sediments 
and surrounded by the peripheral Paleozoic and Meso-
zoic rocks (Kazmi and Jan 1977). The fluvio-lacustrine 
sediments are syn-orogenic and started depositing since 
last ~ 4 million years. These sediments are classified into 
Karewas and Riverine sediments, where the former are 
fluvio-lacustrine in origin and Plio-Pleistocene in age and 
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later are riverine sediments of late Pleistocene–Holocene 
(Burbank and Johnson 1982, 1983; Burbank 1983; Bhatt 
1989).

The Kashmir basin is surrounded by not only the main 
Himalayan boundary thrusts (Main Mantle Thrust, 
Main Central Thrust, Main Boundary Thrust and Pan-
jal Thrust) Indus Tsangpo Suture Zone (ITSZ), Karako-
rum Fault (KF), Strike-slip Jhelum (JF), and Kishtwar 
Fault and the Hazara Thrust System (HTS), but also by 
active out-of-sequence fault, the Balakot–Bagh Fault 
(B–BF) and the stratigraphic equivalent of the B–BF, 
the Reasi Thrust (RT) as depicted in Fig.  1. The Main 
Mantle Thrust (MMT) is a main Himalayan thrust fault 
delineating the India–Eurasia plate boundary. The Main 
Boundary Thrust and Panjal Thrust loop around the 
Hazara–Kashmir Syntaxis (HKS) and run parallel along 
the southern margin of the Kashmir basin where former 
deforms the Precambrian rocks and the later deforms the 
formations of Oligocene–Miocene age, whereas the Main 
Central Thrust (MCT) is a 1.5  km-wide ductile shear 
zone which separates the higher Himalayan crystalline 

rocks from the lower Himalayan formations. Apart from 
main boundary thrusts there are two important thrust 
systems worth mentioning: the Reasi Thrust (RT) and 
the Hazara Thrust System (HTS). To the south of MBT 
Holocene activity is reported from the Reasi Thrust (RT), 
whereas HTS refers to the collection of three thrusts to 
the west of HKS (Stephenson et al. 2001; Sana and Nath 
2016a, b). The Karakorum Fault (KF) is a dextral strike-
slip fault trending almost parallel to the NW Himalayan 
range (Chevalier et  al. 2005). The nearly E–W trending 
Indus Tsangpo Suture Zone (ITSZ) is the suture which 
formed as a result of India–Eurasia collision (Xu et  al. 
2015). There are also two important local strike-slip 
faults in the seismo-tectonic domain of the study region, 
the north–south trending Jhelum Fault (JF), and high 
angle NE-dipping Kishtwar Fault (Sana and Nath 2016b). 
The out-of-sequence faults like the northeast-dipping 
Bagh–Balakot Fault (B–BF) cannot be overlooked from 
the seismotectonic point of view as they are capable of 
generating disastrous earthquakes in the Kashmir Hima-
laya like the 8 October 2005 Kashmir earthquake (Avouac 

Fig. 1 Seismotectonic map of Kashmir Basin and surroundings with main tectonic features: Main Mantle Thrust (MMT), Main Crystalline Thrust 
(MCT), Main Boundary Thrust (MBT), Kishtwar Fault (KF), Panjal Thrust (PT), Reasi Thrust (RT), Jhelum Fault (JF), Bagh-Balakot Fault (B-BF), Hazara 
Thrust System (HTS), Balapur Fault (BF), Drangbal-Laridora Fault (DL), Hazara-Kashmir Syntaxis (HKS). Faults are from Dasgupta et al. (2000), BF from 
Ahmad et al. (2014) and DL from Sana and Nath (Sana and Nath 2016a, b). Star represents the epicenter of 8 October 2005 Kashmir earthquake (Mw 
7.6)
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et al. 2006). The seismo-tectonic map in and around the 
Kashmir basin is shown as Fig. 1.

Dataset and methodology
In order to accomplish the probabilistic seismic hazard 
analysis, classical methodology of Cornell (1968) and 
McGuire (1976) is adopted. There are four basic steps 
involved to accomplish the process:

(1) The definition and delineation of sources of seismic-
ity sources which in this case is zone free (hypocentral 
depth-wise seismicity smoothened earthquake cata-
logue), seismic source zones and faults. (2) The establish-
ment of the recurrence of the earthquake activity from 
the sources, where each source is described by a recur-
rence relationship. (3) The third step involves the estima-
tion of ground motion, which is usually expressed as peak 
ground acceleration (PGA). (4) Finally, the computation 
of seismic hazard is carried out and is expressed in terms 
of exceedance curves. The exceedance curves depict the 
probability of exceeding different levels of ground motion 
during a specified period of time in the area of interest 
(Reiter 1990).

Seismic sources and seismicity analysis
In this study, the zone free (seismicity smoothened hypo-
central depth-wise earthquake catalogue) and areal (seis-
mogenic zones) sources and faults are used to generate 
hazard curves and maps. Sana and Nath (2017) have 
developed an extensive uniform magnitude earthquake 
catalogue of the Kashmir Himalaya and surroundings 
using different sources. This earthquake catalogue is 
published as a supplement to Sana and Nath (2016a, b). 
It encompasses the period from 1885 to 2012. It is com-
piled from various sources likes Jones (1885), Ambraseys 
(2000), Ambraseys and Bilham (2003), Ambraseys and 
Douglas (2004), Szeliga et  al. (2010), International Seis-
mological Center (ISC), EHB (groomed version of ISC 
bulletin), United States Geological Survey (USGS), Indian 
Meteorological Division (IMD) and Pakistan Meteoro-
logical Division (PMD). Apart from giving detailed infor-
mation about time (year, month, day, hour, minute and 
second) and location (latitude, longitude and depth), dif-
ferent magnitude types (Ms, mb and ML) reported in the 
sources have been converted into moment magnitude 
(Mw). This earthquake catalogue is used as an input for 
source zone free layer-wise probabilistic hazard analy-
sis. Layer-wise seismicity smoothening was applied to 
the epicenters of this earthquake catalogue to determine 
the activity rates for each magnitude interval using the 
approach of Woo (1996). Owing to the seismo-tectonic 
complexity of the NW Himalaya, the catalogue was 
divided into shallow (0–25 km), intermediate (25–70 km) 
and deep to very deep (> 70  km) hypocentral depth. 

These depth-range wise smoothened catalogues were 
used as zone free point sources for the depth-wise proba-
bilistic seismic hazard analysis of the Kashmir basin.

On the basis of geology, tectonics and seismicity, Sana 
and Nath (2017) have identified five seismic source zones 
and carried out the detailed seismicity analysis of each 
seismic source zone and every major fault in the region. 
The five seismic source zone that have been deline-
ated on the basis of above-mentioned criteria by Sana 
and Nath (2016a, b) are Hazara-Kashmir syntaxis seis-
mic zone (HKS-SZ), Karakorum seismic zone (KM-SZ), 
Kohistan seismic zone (KH-SZ), Nanga Parbat syntaxis 
seismic zone (NPS-SZ) and the SE Kashmir seismic zone 
(SEK-SZ). Seismicity analysis includes evaluation of the 
Gutenberg–Richter parameters (a-value and b-value) and 
estimation of mmax in present case using Kijko (2004). 
The a-value and b-value are important characteristic fac-
tors of seismicity of an area, defined by the classic magni-
tude–frequency relationship:

where N is the cumulative number of earthquakes with 
magnitude ≥ M, (Guttenberg and Richter 1944). The 
magnitude–frequency relationship shows non-linearity 
at lower magnitudes, so a threshold magnitude (Mc) is 
used, which means only earthquakes with M ≥ Mc are 
considered for seismicity analysis (Wiemer 2001). There 
are various methods to determine b-value; Sana and Nath 
(2016a, b) have used maximum likelihood estimation 
method:

where Mmean is the average magnitude, Mc is the thresh-
old magnitude and Δm is the magnitude bin size (Aki 
1965; Bender 1983; Utsu 1999). The a-value, b-value, Mc 
and mmax of each seismic source zone were determined. 
Figure 2 shows the seismic source zones of Kashmir basin 
and Table 1 shows the detailed seismicity analysis of each 
seismogenic zone. Additionally, seismicity analysis of 
each fault in and around the study region was carried out 
by Sana and Nath (2017); the mmax in this case was esti-
mated by Wells and Coppersmith (1994) and is shown in 
Table 2.

Ground motion prediction equations
A ground motion prediction equation (GMPE) repre-
sents the relationship between the independent seismic 
parameters like the magnitude, the distance between 
the source and the site and a dependent ground shak-
ing parameter like the peak ground acceleration (PGA) 
or pseudo-spectral acceleration (PSA). The appropriate 

(2)log10N = a− bM

(3)b =
log10 (e)

Mmean −
(

Mc −
�m
2

) ,
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ground motion prediction equations are not only useful 
in the rapid hazard assessment, but also critical for prob-
abilistic seismic hazard analysis (Douglas 2003). Studies 
indicate that ground motions produced by earthquakes 
of similar sources within a similar type of tectonic setup 
are comparable. Thus, in regions lacking GMPE models, 
models from analogous regions are borrowed and used 
(Mueller et  al. 2015). As the study region lacks GMPEs 
the tectonic setup appropriate ground motion prediction 
equations of Boore and Atkinson (2008), Campbell and 

Bozorgnia (2008) and Sharma et al. (2009) were used. In 
general, the GMPEs developed for regions with tectoni-
cally active shallow crust show conformity (Nath and 
Thingbaijam 2011). The equations of Boore and Atkin-
son (2008) and Campbell and Bozorgnia (2008) were 
developed for areas with active tectonic setup using the 
PEER NGA (Pacific Earthquake Engineering Research 
Center’s Next Generation Attenuation) strong motion 
database, whereas Sharma et al. (2009) used seismic data 
from Indian Himalaya and Zagros region of Iran. Boore 
and Atkinson’s (2008) GMPE is for average-horizontal 
ground motions as a function of moment magnitude 
(Mw), closest horizontal distance from the source to site 
(RJB), local average shear-wave velocity up to 30 m (Vs30), 
and type of the fault. Campbell and Bozorgnia (2008) 
model estimates PGA, PGV (peak ground velocity), PGD 
(peak ground displacement) and linear response spectra 
(T = 0.01–10  s) for shallow continental earthquakes for 
western North America and similar tectonic regimes. The 
variables of this GMPE are magnitude, closest distance to 
co-seismic rupture, style-of-faulting, hanging-wall effects 
and shallow linear and non-linear shear-wave veloc-
ity of the site. Finally, Sharma et  al. (2009) is developed 
with respect to magnitude, shear-wave velocity site class 
and the style-of-faulting. These GMPEs have been used 
in the probabilistic seismic hazard assessment of Hima-
laya (Nath and Thingbaijam 2012; Sitharam 2014); also 

Fig. 2 The five seismic source zones considered for the probabilistic seismic hazard assessment of the Kashmir Basin: Hazara-Kashmir Syntaxis 
Seismic Zone (HKS-SZ), Nanga Parbat Syntaxis Seismic Zone (NPS-SZ), SE Kashmir-Seismic Zone (SEK-SZ), Kohistan Seismic Zone (KH-SZ) and 
Karakorum Seismic Zone (KM-SZ) after Sana and Nath (2017)

Table 1 Showing seismicity analysis results of  all 
the seismic sources zones considered for PSHA of Kashmir 
basin

a-value (for the whole time period) and b-value are Gutenberg–Richter 
seismicity parameters, magnitude of completeness (mc) and maximum credible 
earthquakes (mmax) and maximum observed earthquake (mobs) of all the seismic 
zones of Greater Kashmir after Sana and Nath (2017). The Seismogenic zones are: 
Hazara-Kashmir Syntaxis Seismic Zone (HKS-SZ), Nanga Parbat Syntaxis Seismic 
Zone (NPS-SZ), SE Kashmir-Seismic Zone (SEK-SZ), Kohistan Seismic Zone (KH-
SZ) and Karakorum Seismic Zone (KM-SZ)

Seismic zone a-value b-value mc mmax mobs

HKS-SZ 6.11 ± 0.57 0.81 ± 0.05 3.9 ± 0.05 8.1 ± 0.36 7.6

KM-SZ 5.71 ± 0.20 0.79 ± 0.01 3.9 ± 0.17 7.3 ±  0.58 6.8

KH-SZ 5.95 ± 0.15 0.84 ± 0.19 4.3 ± 0.35 7.1 ± 0.58 6.6

NPS-SZ 7.86 ± 0.26 1.32  ± 0.1 4.4 ± 0.01 6.8 ± 0.58 6.3

SEK-SZ 8.12 ± 0.38 1.29 ± 0.03 4.7 ± 0.17 6.8 ± 0.58 6.3
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Boore and Atkinson (2008) is recommended by NCSDP 
(National Committee on Seismic Design Parameters) for 
site-specific seismic hazard assessment of river valley 
power projects in the Himalaya (2011). The GMPEs were 
adopted according to the logic tree shown in Fig. 3.

Site conditions play an important role in seismic haz-
ard assessment. For seismic hazard assessment at a site, 
usually NEHRP (National Earthquake Hazards Reduction 

Program) site classification is used, which is based on 
average shear wave velocity (m/s) for the 30 m-deep soil 
column from the surface (BSSC 2001). For regional haz-
ard computations in Indian context, Nath and Thing-
baijam (2012) propose firm-rock conditions (standard 
engineering bedrock) to be more realistic for hazard eval-
uation. So, in this study, we consider standard engineer-
ing bedrock for hazard computations, which corresponds 

Table 2 Showing seismicity parameters, magnitude of completeness (Mc) and mmax of all the major faults in and around 
the Kashmir basin from Sana and Nath (2017)

Fault Starting year 
of catalogue

a-value (entire time 
period)

b-value Mc mmax (± 0.28)

ITSZ 1965 4.99 0.70 ± 0.04 3.8 ± 0.03 7.6

HTS 1966 8.48 1.43 ± 1.17 4.5 ± 0.44 7.2

Jhelum 1965 6.16 1.09 ± 0.53 4.1 ± 0.23 7.0

Karakorum 1937 5.10 0.80 ± 0.14 4.0 ± 0.24 7.5

Kishtwar 1967 6.31 1.10 ± 0.98 3.9 ± 0.37 6.8

MBT 1945 4.38 0.50 ± 0.07 3.3 ± 0.28 7.4

Panjal thrust 1963 4.38 0.50 ± 0.07 3.3 ± 0.28 7.4

MMT 1937 7.38 1.15 ± 0.13 4.5 ± 0.11 7.7

Reasi thrust 1970 4.79 1.01 ± 0.15 3.5 ± 0.42 7.0

MCT 1947 3.96 0.53 ± 0.03 3.0 ± 0.11 7.2

Fig. 3 The logic tree framework for the probabilistic seismic hazard assessment of the Kashmir basin, showing seismic sources zones and faults as 
seismic sources, seismicity analysis which includes evaluation of Gutenberg and Richter parameters (G-R) and maximum credible earthquake (mmax) 
and application of ground motion prediction equations, assigned weights are given in brackets
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Fig. 4 The predicted peak ground acceleration (PGA) distribution estimated for hypocentral depth ranges of 0–25 km, 25–70 km and > 70 km. The 
computation is based on smoothly-gridded seismicity for each depth zone with a return period of 475 years

Fig. 5 The seismic hazard curve for predicted peak ground acceleration (PGA) in g for Anantnag, Baramulla, Kupwara and Srinagar, the major towns 
of Kashmir basin, showing 2% and 10% probability in 50 years for engineering bed rock sites
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to Vs of 760 m/s and is defined as the boundary between 
site class B and C of NEHRP classification.

Results and conclusion
Due to the complex tectonic setup surrounding the 
region (Sana and Nath 2017), the hypocentral depth-
wise distribution of predicted PGA (g) at 10% probability 
of exceedance in 50 years was carried out and is shown 
in Fig.  4. The depth-wise smoothly gridded zone free 
seismicity is considered as the sources in this case. The 
hypocentral depths are distributed into 0–25 km (upper 
crust), 25–70  km (lower crust) and > 70  km (intra-slab 
and subduction earthquakes) zones. All the three hypo-
central zones contribute to the seismic hazard of Kashmir 
basin, with highest to lowest contribution from > 70 km, 
25–70  km and 0–25  km, respectively. As depicted in 
Fig.  4, the basin as a whole is susceptible to very high 
seismic hazard. However, SE part of Kashmir basin is of 
relatively higher value of predicted PGA than the NW 
part but there is not much of a difference in the predicted 

PGA value. As the ground motions with PGA ≥ 0.3  g 
are considered more destructive to engineering struc-
tures (Christenson 1994), the contribution to destructive 
ground motions in descending order is > 70 km zone fol-
lowed by 25–70 km, and 0–25 km.

With the delineated seismogenic zones and faults 
as sources, the seismic hazard curves with an annual 
frequency of exceedance for four major towns of the 
Kashmir basin: Anantnag, Baramulla, Kupwara and 
Srinagar are shown in Fig.  5 and the predicted PGA 
(g) in Table  3. All the towns show a very high seis-
mic hazard and Anantnag shows the highest (0.6  g). 
The seismic hazard maps (PGA and PSA) of Kashmir 
basin are shown as Figs.  6, 7 and 8. The computation 
is performed for 2% and 10% probability of exceed-
ance in 50  years, corresponding to a return period of 
474 years and 2475 years, and PSA is computed at 0.2 
and 1 s. From the hazard maps, it is evident that overall 
Kashmir basin shows a high seismic hazard. Within the 
basin, southeastern part shows a higher hazard as com-
pared to northwestern part. The design response spec-
tra at 5% damping for above mentioned major towns 
are shown in Fig. 9. The spectra were plotted using the 
methodology recommended by BIS (2002) using PSA at 
0.2 and 1 s for a 10% probability of exceedance.

This study presents probabilistic seismic hazard anal-
ysis of the Kashmir basin, NW Himalaya based on the 
Sana and Nath (2017) earthquake catalogue. The contri-
bution from zone free seismicity, seismic source zones 
and faults are considered from different perspectives 
using appropriate ground motion prediction equations 

Table 3 Predicted peak ground acceleration (PGA) in  g 
of  major towns in  Kashmir basin with  10% probability 
of exceedance in 50 years

Town Latitude (°N) Longitude (°E) PGA (g)

Anantnag 33.72 75.11 0.65

Baramulla 34.20 74.33 0.59

Kupwara 34.53 74.25 0.58

Srinagar 34.11 74.67 0.60

Fig. 6 The seismic hazard maps with faults and seismic source zones as sources, showing predicted peak ground acceleration (PGA) in g with 2% 
and 10% probability of exceedance within 50 years for engineering bed rock sites
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and the hazard is computed at different probabilities of 
exceedance. The present study advocates a significantly 
higher seismic hazard as compared to the BIS (2002). 
This study also recommends active fault and paleoseis-
mic studies in the region, the outputs of which will not 
only refine the seismic hazard assessment models but 

also make them more realistic. As for example in this 
study and all the seismicity based seismic hazard mod-
els, the contribution from every fault in and around the 
region is given equal weightage, whereas in reality, the 
active faults are the actual contributors to the seismic 
hazard.

Fig. 7 The seismic hazard maps showing predicted pseudo spectral acceleration (PSA) in g at 0.2 s (s) with 2% and 10% probability of exceedance 
within 50 years for engineering bed rock sites. The sources are faults and seismic sources zones are considered sources for this computation

Fig. 8 The seismic hazard maps showing predicted pseudo spectral acceleration (PSA) in g at 1 s (s) with 2% and 10% probability of exceedance 
within 50 years for engineering bed rock sites. The sources are faults and seismic sources zones are considered sources for this computation
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