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Assessment of Macroseismic Data
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ABSTRACT

To augment limited instrumental recordings of the Mw 7.8
Gorkha, Nepal, earthquake on 25 April 2015 (Nepali calendar:
12 Baisakh 2072, Bikram Samvat), we collected 3831 detailed
media and first-person accounts of macroseismic effects that
include sufficiently detailed information to assign intensities.
The resulting intensity map reveals the distribution of shaking
within and outside of Nepal, with the key result that shaking
intensities throughout the near-field region only exceeded in-
tensity 8 on the 1998 European Macroseismic Scale (EMS-98)
in rare instances. Within the Kathmandu Valley, intensities
were generally 6–7 EMS. This surprising (and fortunate) result
can be explained by the nature of the mainshock ground mo-
tions, which were dominated by energy at periods significantly
longer than the resonant periods of vernacular structures
throughout the KathmanduValley. Outside of the Kathmandu
Valley, intensities were also generally lower than 8 EMS, but the
earthquake took a heavy toll on a number of remote villages,
where many especially vulnerable masonry houses collapsed cata-
strophically in 7–8 EMS shaking. We further reconsider inten-
sities from the 1833 earthquake sequence and conclude that it
occurred on the same fault segment as the Gorkha earthquake.

Online Material: Tables of locations with 1998 European Mac-
roseismic Scale (EMS-98) intensity assignments for the 25 April
2015 Gorkha and the 26 August 1833 Nepal earthquakes.

INTRODUCTION

TheMw 7.8 Gorkha, Nepal, earthquake on 25 April 2015 took
a heavy toll on Nepal, causing over 9000 deaths and leaving
hundreds of thousands without shelter. Although similar and
even larger megathrust earthquakes have occurred in the
Himalayas as recently as 1950 (e.g., Chen and Molnar, 1977),
the 2015 earthquake is the first to be captured by modern in-
strumentation. Key questions about ground motions also arose
in the aftermath of the Gorkha earthquake, namely why damage

in the KathmanduValley and other parts of Nepal was not more
severe, despite the high magnitude of the event, the directivity of
the rupture, its proximity to population centers, and the fragility
of local, vernacular structures. Observations of this earthquake
thus provide a unique and invaluable opportunity to quantify
earthquake processes and seismic hazard associated with Hima-
layan earthquakes.

Although the earthquake was well recorded at regional and
teleseismic distances, there is a paucity of critical instrumental
data to constrain near-field ground motions. At the time of the
mainshock, only a handful of strong-motion instruments were
operating in Nepal (Dixit et al., 2015). Data from four strong-
motion instruments (Nobuo et al., 2015) have not been made
freely available. High data rate (5 Hz) Global Positioning Sys-
tems (GPS) data from a site in the Kathmandu Valley and an
adjacent hard-rock site constrain coseismic particle displace-
ments of up to 1.8 m amplitude with 5 mm precision and with
a 0.4 Hz aliasing frequency but are insensitive to higher fre-
quency, low-amplitude accelerations (Galetzka et al., 2015).
For the mainshock, the U.S. Geological Survey (USGS) Shake-
Map relied largely on empirical ground-motion prediction equa-
tions to map out shaking intensities (Hayes et al., 2015). The
USGS Community Internet Intensity Map system (also known
as “Did You Feel It?” [DYFI]; Wald et al., 1999) has in recent
years produced invaluable, spatially rich intensity data that are
now used to augment instrumental data in ShakeMaps. Outside
the United States and its territories, however, this system has
limitations. DYFI data are sparse (Fig. 1a) for the Gorkha earth-
quake, and intensities were not assigned with a detailed consid-
eration of building type. To constrain the intensity distribution
more fully, in the weeks following the earthquake, we collected
accounts from conventional news outlets and social media and
interpreted intensities using the 1998 European Macroseismic
Scale (EMS-98) in keeping with practices described by Martin
and Szeliga (2010).

To assess the character and extent of the macroseismic field,
and to maintain uniformity with previous studies (e.g., Martin
and Szeliga, 2010), we utilized the EMS-98 scale (Grünthal,
1998). This supersedes the Medvedev–Sponheur–Kárník
(MSK) scale (Medvedev et al., 1965) and is generally consistent
with intensities that use the modified Mercalli intensity scale
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(Musson et al., 2010). We avoided assessing intensities at loca-
tions where ground deformation, liquefaction, or landslides
were reported (Ambraseys and Douglas, 2004) and followed
guidelines outlined byMartin and Szeliga (2010) for intensities
in the 2–4 EMS range. Each intensity value was also assigned a
quality weighting (Musson, 1998), in particular to identify lo-
cation, and/or reliability uncertainties in the raw data. Within
21 large cities (population > 500; 000) in India and Nepal,
such as Allahabad and Kathmandu, respectively, multiple press
accounts were used, occasionally in conjunction with closed-
circuit television (CCTV) footage, to assess and map intensity
variations within the metropolitan area to distinguish site re-
sponse (e.g., between fluvial and hard-rock sites). Within the
range of intensities 3–5 EMS, media reports are often categori-
cal when noting if people went or ran outdoors, sometimes in
the absence of other qualifiers. In our experience with earth-
quakes in the Indian subcontinent (e.g., Martin and Kakar,
2012), we find there is a tendency for many people, including
those who did not feel any shaking, to vacate buildings at lower
intensities than might be stipulated in the EMS-98. In such
cases, we assigned 3 EMS if people went outdoors, 4 EMS if
people were frightened and went outdoors, and 4–5 EMS if they
were frightened and ran outdoors.

Of particular note for our study, EMS includes extensive
supporting materials and guidelines to distinguish between the
severity (grades) of damage to different construction types by
using vulnerability classes (Grünthal, 1998). This aspect of the
scale is critical for reliable assessment of intensities from the
Gorkha earthquake because apparently catastrophic damage
(i.e., complete collapse equivalent to grade 5 damage) of vulner-
able masonry buildings tend to saturate above MSK VII–VIII
(Ambraseys and Douglas, 2004), equivalent to 7–8 EMS. Shak-

ing severity of 8 EMS, for example, corresponds to widespread
moderate damage (grade 2) to reinforced cement concrete (RCC;
type C) buildings without earthquake resistant designs. At
9 EMS, people may be forcibly thrown to the ground, and many
RCC buildings experience heavy (grade 3) damage.

We collected reports of the earthquake from 3831 loca-
tions, 3411 of which had both reliable geographic coordinates
and contained sufficient information to assess intensities (Fig. 1b;
Ⓔ Table S1, available in the electronic supplement to this ar-
ticle), as outlined above. The mainshock was felt throughout
Nepal, in southern Tibet, and in many parts of the Indian sub-
continent. As noted by Martin and Hough (2015), Figure 1b
underscores the need to undertake traditional surveys to supple-
ment data from regions poorly sampled by modern online ques-
tionnaires such as the DYFI, either through lack of awareness or
poor Internet access. In contrast to the DYFI map, our results
found the earthquake was more widely felt in peninsular India.

The greatest damage (≥7 EMS) occurred within Nepal
and extended approximately 250 km eastward along the
Himalayan arc. Shaking approached or equaled 8 EMS at only
a few places, including Archale (28.017° N, 85.177° E), where
eyewitnesses were repeatedly thrown to the ground (ⒺTable S1).
Traverses along roads and visits by helicopter to remote regions
near the epicenter indicated that 6–7 EMS prevailed above
most of the rupture zone with pockets of 8 EMS locally con-
fined to ridges (Roger Bilham, personal comm., 2015). In the
Nepali Terai along the border with India, the shock elicited
panic and resulted in modest damage (6 EMS). In mountains
to the west of the epicenter in Nepal, shaking decayed rapidly.
It is important to note, however, that intensities were system-
atically higher in adjacent parts of the plains of northern India.
This amplification is qualitatively consistent with observed

▴ Figure 1. (a) “Did You Feel It?” (DYFI) and (b) 1998 European Macroseismic Scale (EMS-98) intensities for the 25 April 2015 Gorkha
earthquake.
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amplification of macroseismic intensities in geosynclinal sedi-
ments of the Gangetic foredeep during the 15 January 1934
Mw ≈ 8:4Nepal–Bihar earthquake (Dunn et al., 1939; Hough
and Bilham, 2008).

Few intensity observations above the rupture zone north-
east of Kathmandu were made prior to the Mw 7.3 Dolakha
earthquake on 12 May 2015, and those we have included were
obtained from media accounts and from photographic evi-
dence published prior to this aftershock. Preliminary intensity
data for the mainshock are currently available from Tibet in
the region 50 km north of the aftershock (Anonymous, 2015),
but our assessments of damage in similar locations based on
photographic documentation yield lower EMS intensity values
than suggested by these authors. Similarly, in the Langtang Val-
ley where eyewitnesses had no difficulty standing on the valley
floor during the mainshock, personal accounts supplemented
by video and still photographs establish that damage (6–7 EMS)
occurred in the village of Kyanjin Gompa (28.214° N, 85.524° E)
as a result of the mainshock, prior to the destruction of buildings
30 s later by the wind blast from the debris avalanche that de-
stroyed the village of Langtang (Roger Bilham, personal comm.,
2015). In contrast, accounts from mountaineers 1000 m above
the valley floor at Tserko Ri (28.213° N, 85.600° E) report being

thrown down by the shaking, suggesting that 8 EMS may have
prevailed at higher elevations.

Damage in the Kathmandu Valley, corresponding to 6–
7 EMS (Fig. 2), was lower than expected given the proximity
of the valley to the rupture (Hayes et al., 2015). In the first
10 s of strong ground motion in the Kathmandu Valley, dis-
placements exceeded 1.5 m and velocities instantaneously ex-
ceeded 50 cm=s (Dixit et al., 2015; Galetzka et al., 2015),
which resulted in many people being unable to stand, a fea-
ture of 8 EMS, despite surrounding building damage charac-
teristic of 6–7 EMS. Small pockets of locally higher damage
occurred at sites on ridges or hills, including at the Swayamb-
hunath Temple, and in areas near where liquefaction was
reported. At the Swayambhunath Temple (Fig. 3a), unrein-
forced brick buildings (vulnerability class B) surrounding the
central stupa (central shrine) experienced significant structural
damage (grade ≥ 4), indicating 8 EMS. In stark contrast, in the
Thecho area (Fig. 3b) in the southern valley, a very well-built
RCC house was undamaged and precariously placed knick-
knacks were not displaced with the exception of a single plaster
mask. This mask had been balanced precariously on a shallow
windowsill from which it fell and broke, indicating the level of
shaking here approached but did not exceed 5 EMS.

▴ Figure 2. EMS-98 intensities for the Gorkha earthquake in the Kathmandu Valley. Main roads are shown, as are topographic contours.
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In India, the earthquake was felt extensively between 75° E
and 95° E, but intensities rapidly diminished south of ∼22°N.
Significant damage (including the collapse of poorly built ma-
sonry or mud (kaccha) walls, the fall of masonry parapets or
balcony railings, and damage to tall, free-standing structures such
as minarets, steeples, mobile telecommunication towers, and
chimneys at brick kilns) was reported from within ∼500 km
of the epicenter. Noteworthy areas of anomalously high inten-
sities were observed within this zone, for example, in the vicin-
ity of Agra. Although the mausoleum itself was undamaged,
small pieces of stone work fell from a building in the forecourt
of theTaj Mahal (AmarUjala, 26 April 2015). TheTaj Mahal is
said to have sustained injury in an earthquake in the late 18th
century (Parkes, 1850) but was unaffected by the 1905 Kangra
(Middlemiss, 1910) and 1934 Nepal-Bihar earthquakes (Dunn
et al., 1939). Outside this region, shaking was mainly felt in
multistoried buildings along the western and eastern coasts
of India at distances in excess of 1300 km, with the farthest
report being from Kochi in the state of Kerala, at a distance
of 2200 km. To the west, it was perceived as far as Peshawar
and in the east at Jorhat (Fig. 1b). It was also reportedly felt
on offshore drilling platforms near Kakinada (16.987° N,
82.247° E) on the east coast of India and underground by some
in a mine at Tetulmari (23.814° N, 86.343° E) on the Chota
Nagpur plateau. The outer extremities of the felt area are well
constrained, with the exception to the southeast in Myanmar,
although reliable accounts noted that shaking was not felt in
Mandalay, Naypyidaw, or Yangon.

Seismic seiches, some fatal, were noticed at many places in
Bangladesh and were also observed in rivers, lakes, and reservoirs
in central, eastern, and northeastern India, the farthest report
in the west being from Sheopur (25.670° E, 76.669° E) in
the Chambal Valley and to the east at Borkola (26.931° N,
94.740° E) in upper Assam. The earthquake also produce a no-
ticeable hydrogeologic response at Bela (26.788° N, 85.728° E)
and Parihar (26.722° N, 85.676° E) in India, where hand pumps

became artesian following the earthquake (Dainik Jagran, 26
April 2015). Amateur video filmed after the mainshock in Han-
saposa–Tarahara (26.693° N, 87.256° E) in the Sunsari district,
Nepal, recorded the same phenomenon alongside liquefaction
(https://www.youtube.com/watch?v=rVZ0V_PjuNo; last accessed
June 2015). Aquifers were also disturbed at far-field locations,
as evidenced by reports of borewells and natural springs turning
muddy or milky in Jagdalpur (19.069° N, 82.030° E), Mirzapur
(25.170° N, 82.564° E), Peterbar (23.615° N, 85.851° E), Rajgir
(25.170° N, 85.416° E), and Rewa (24.530° N, 81.300° E).

Reports of liquefaction were available from southern
Nepal and from isolated locations in all of the border districts
in the Indian state of Bihar between 84° E and 88° E.

RESULTS

We first consider the decay of observed intensities with distance.
Although nearest-fault distance would be more physically mean-
ingful, for the initial analysis presented here we rely on epicentral
distance so that the results can be compared to an existing in-
tensity-prediction equation based on epicentral distance. From
the intensity database compiled by Martin and Szeliga (2010),
Szeliga et al. (2010) developed separate intensity-prediction
equations for the Himalayan region and for peninsular India.
In Figure 4, we show the media-based intensities for the Gorkha
earthquake, together with predicted intensities using the Szeliga
et al. (2010) Himalayan model for an intensity magnitude (M I)
of 7.8. Figure 4 also shows EMS-98 intensities for theMw ≈ 8:4
Nepal–Bihar earthquake in 1934 (Martin and Szeliga, 2010).

Observed intensities are generally consistent with values
predicted by the Szeliga et al. (2010) Himalayan model given
M I 7.8, but they are systematically lower at near-field distances.
As noted, following Szeliga et al. (2010), we consider only epi-
central distances. Estimated intensities for near-field locations
including Kathmandu would clearly be even more anomalously
low if one considered nearest-fault distance (<12 km beneath

▴ Figure 3. (a) Damage (grade 4–5) to substantial brick building within the Swayambhunath temple complex; (b) undamaged house in the
Thecho area, where all precariously placed objects, with one exception, were unaffected.

Seismological Research Letters Volume 86, Number 6 November/December 2015 1527

https://www.youtube.com/watch?v=rVZ0V_PjuNo
https://www.youtube.com/watch?v=rVZ0V_PjuNo
https://www.youtube.com/watch?v=rVZ0V_PjuNo


the city). Instrumental intensities (Fig. 4) can be determined
from a strong-motion recording in Kathmandu (Dixit et al.,
2015) using the Wald et al. (1999) relationships between in-
tensity and both peak ground velocity (PGV) and peak ground
acceleration (PGA). These relations yield quite different inten-
sity values, intensity 6.3 (PGA) versus 9.4 (PGV). Although
Wald et al. (1999) concluded that the PGV relationship is more
appropriate for strong shaking (intensities above 7), that is not
the case here. That is, the PGV–intensity relationship from
Wald et al. (1999), while more consistent with expectations, is
not consistent with observed damage and intensities from the
Gorkha earthquake. The low macroseismic intensities in the
KathmanduValley were due to the long-period character of the
mainshock ground motions, which were strongly peaked at
periods of approximately 5 s, without a strong basin response
at shorter periods (Avouac et al., 2015; Dixit et al., 2015).
Buildings in the Kathmandu Valley are commonly less than
5 stories tall, with expected natural periods no longer than
0.5 s. During the past decade a small number of taller buildings
have been constructed, with heights of 10–17 stories. There is a
widespread observation by the local population that the largest
buildings, including the new high-end, 17-story Park View
apartment complex (27.739° N, 85.324° E), sustained more se-
vere damage than did the ubiquitous smaller buildings.

Near-field shaking intensities from the Gorkha earthquake
were lower than predicted from well-calibrated intensity pre-
diction equations. There is no possibility that the difference
reflects any inconsistency in intensity values, because accounts
of both the Gorkha earthquake and the calibration events were
consistently interpreted by the first author. Moreover, the Hi-

malayan model of Szeliga et al. (2010) was developed specifi-
cally for the region. As discussed by Hough (2013) and Martin
and Hough (2015), who examined the Mw 5.9 Bay of Bengal
earthquake in 2014, differences between observed intensities
and model predictions must thus reflect properties of the
source itself. In a simplistic sense, systematically low intensities
are commonly taken as an indication of a low-stress-drop
source. In this case, it remains an open question why the main-
shock ground motions were relatively depleted in 0.5–2 Hz
energy. In any case, available strong-motion data, high-rate
GPS data (Galetzka et al., 2015), and CCTV videos of main-
shock shaking reveal that near-field radiated energy from the
Gorkha earthquake was dominated by long-period energy at
≈5 s. For example, in many cases, people, vehicles, or contents
of structures were seen to be rocked by a strong, coherent pulse
with an approximately 5 s period. This predominant long-
period energy can be explained as a combination of source
effects and nonlinear response of the KathmanduValley (Dixit
et al., 2015).

IMPLICATIONS FOR HISTORICAL EARTHQUAKES

Our results have implications for the analysis of historical
earthquakes, which we discuss briefly here. In Figure 5, we com-
pare our intensities for the Gorkha earthquake with intensities
from Martin and Szeliga (2010) for the 1934 Nepal–Bihar
earthquake (Nepali calendar: 2 Magh 1990 Bikram Samvat).
The magnitude of the 1934 earthquake was revised upward
fromMw 7.9 (Chen and Molnar, 1977) toMw ≈ 8:4 (Molnar
and Qidong, 1984). Rupture parameters for the 1934
earthquake, including the precise magnitude, remain uncertain,
and the epicenter was relocated (Chen and Molnar, 1977) us-
ing early instrumental data. On the basis of palaeoseismic
observations and geomorphic markers of uplift a minimum
rupture length of ∼150 km is inferred between 85.85° E and
87.31° E but this does not exclude the possibility that the rup-
ture might have extended farther to the east and west, amount-
ing to a total rupture length of ∼200–250 km (Sapkota et al.,
2013; Bollinger et al., 2014). The rupture length is consistent
with along-strike dimensions inferred from leveling data in Bi-
har (Bilham et al., 1998). The full rupture area and slip dis-
tribution, however, are not constrained by geodetic data
across the rupture. Rupture parameters from the Gorkha earth-
quake are constrained by finite-fault modeling (Hayes et al.,
2015). It is clear from Figure 5 that, relative to the Gorkha
earthquake, damaging shaking from the 1934 earthquake
extended farther south into Nepal and northern India. This
difference can be explained readily as a consequence of the dif-
ference between the two events, namely that the 1934 event
was a larger earthquake that ruptured the entire décollement
and its frontal thrust (Sapkota et al., 2013; Bollinger et al.,
2014), whereas the Mw 7.8 Gorkha earthquake was restricted
to the deeper 60% of the décollement with no coseismic rup-
ture of the Main Frontal fault (Avouac et al., 2015).

As discussed by Martin and Hough (2015), in the absence
of instrumental data, intensity data for historical earthquakes

▴ Figure 4. Media-based intensities as a function of epicentral
distance (black dots), and bin-averaged values (black squares)
with one-sigma uncertainties. Also shown are intensities for the
1934 Nepal–Bihar earthquake, from Martin and Szeliga (2010), and
estimated intensities for the Kathmandu Valley from instrumental
data using both the peak ground velocity–based (light red star)
and peak ground acceleration–based (dark red star) relations
of Wald et al. (1999). Line indicates predicted intensities using
Himalaya model of Szeliga et al. (2010) for M I 7.8.
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can be used to calculate an intensity magnitude (M I) that can
differ fromMw depending on the detailed source properties of
an event. Martin and Hough (2015) demonstrate that the
analysis of intensity data can significantly underestimate Mw
for some historical Himalayan earthquakes. Making the reason-
able assumptions that some past large Himalayan earthquakes
had similar rupture mechanisms and radiated energy as the
Gorkha event, the magnitudes of such events in the historical
record would likely be underestimated. In particular, large Hi-

malayan earthquakes with estimated magnitudes (Mw) larger
than 7.5 (Bilham and Ambraseys, 2005), such as those in Kash-
mir (Mw ∼ 7:6, 1555), Kumaon (Mw ∼ 8:1, 1803), central
Nepal (Mw ∼ 7:7, 1833), and Kangra (Mw ∼ 7:8, 1905), gen-
erated no known surface rupture and thus may represent earth-
quakes with rupture processes similar to the Gorkha event.
Additionally, in central Nepal, historical earthquakes with
no reported surface rupture are reported to have caused damage
in Kathmandu in 1408, 1681, 1767, 1808, 1826, and 1866, but
there is insufficient information about any of these events to
estimate their rupture zones (Anonymous, 1827; Rana, 1934;
Chitrakar and Pandey, 1986; Pant, 2002).

It is especially interesting to reconsider the 26 August
1833 (Nepali calendar: 12 Bhadra 1890, Bikram Samvat)
earthquake sequence in light of our results. Its magnitude has
been estimated previously between 7:3 < M I < 7:7 (Bilham,
1995; Ambraseys and Douglas, 2004; Szeliga et al., 2010).
Its intensity distribution (Ⓔ Tables S2–S4) and the locations
of inferred macroseismic epicenters (Bilham, 1995; Min, 1995;
Ambraseys and Douglas, 2004; Szeliga et al., 2010) were to the
east of the 2015 epicenter (Fig. 6a). Although damage in
southern Tibet in both events was severe, the impact of the
two earthquakes was quite different in the Gorkha District.
In 2015, heavy damage was sustained by Gorkha and in the
surrounding villages (Roger Bilham, personal comm., 2015),
whereas in 1833 only two houses collapsed in Gorkha (Camp-
bell, 1833). Moreover, the region to the east of the Trishuli
Gandaki river (∼85°E) was reportedly significantly affected
in 1833 (Rana, 1934). Although observed damage from the
2015 event is explained primarily by fragility of local masonry
construction, with intensities generally no higher than 8 EMS,
similar vulnerable construction materials and methods would
have been prevalent in 1833, signifying that shaking in 1833
west of Kathmandu cannot have been as strong as during
the recent event. The rupture zones and slip parameters of
the two earthquakes therefore cannot be identical. Slip in the
2015 earthquake, however, is consistent with the release of
3.2 m of accumulated slip at the present-day convergence rate
of 17:8� 0:5 mm=yr (Ader et al., 2012) and the elapsed
182 years. The mainshock in 1833 at 23:56 local time was pre-
ceded by two strong earthquakes with increasing severity, first at
sundown and then at ∼23 : 35 local time (Campbell, 1833; Bil-
ham, 1995), that brought people from their homes, a factor that
was responsible for the low loss of life in Nepal, despite an esti-
mated 18,000 buildings being destroyed in the entire kingdom
(Rana, 1934) and over 4000 buildings collapsing in or near the
Kathmandu Valley (Campbell, 1833; Rana, 1934), including
70% of the structures in Bhaktapur (Campbell, 1833). The
1833 earthquake was followed by three months of notable after-
shocks (Bilham, 1995), including significant events on 4 Octo-
ber 1833, 18October 1833, and 26 November 1833, which were
strongly felt in the Kathmandu Valley (Campbell, 1833; Rana,
1934). The two aftershocks in October 1833 were also widely
perceptible in the Gangetic plains as far as Chittagong and Ja-
balpur (Campbell, 1833; Bilham, 1995). The Nepali date (1891
Bikram Samvat) for 1834 is incorrectly recorded as 1835 in the

▴ Figure 5. (a) Intensity distribution (squares; colored scale as
shown) for the 1934 Nepal–Bihar earthquake (Martin and Szeliga,
2010). The approximate rupture area of the 1934 earthquake is rep-
resented by a solid black line (Sapkota et al., 2013; Bollinger et al.,
2014), and the rupture area of the 2015 earthquake is outlined with
a dashed gray line (Lindsey et al., 2015). The white star represents
the location of the mainshock from Chen and Molnar (1977). (b) In-
tensity distribution for the Gorkha earthquake. The white star rep-
resents the Gorkha mainshock on 25 April 2015, and the black star
represents the 12 May aftershock. The blue triangle is the location
of Kathmandu.
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English translation of Rana (1934), thus misplacing the three
aftershocks on 20 June 1834, 26 July 1834, and in late Septem-
ber 1834 that were also felt in the KathmanduValley. Of these,
the earthquake in June caused seven fatalities in the Rongxar
region, damaged the Dophenling monastery, and was followed
by locally felt aftershocks in southern Tibet (Chen, 1982). Ef-
forts (in 2011 by the first author) to locate additional official
correspondence from the British political resident in Kath-
mandu for 1833 and 1834 (Nepal Residency Records, IOR/
R/5/95-96) were futile.

Although the 1833 and 2015 events must have differed in
detail, the apparent similarity of their magnitudes and their
approximate correspondence in areas of high intensity suggests
that the 1833 earthquake may have on the same segment of the
décollement. Further work will be needed to reassess the mag-
nitude of the 1833 earthquake in light of the observations from
this study. It is possible that earlier moderately large historical
earthquakes including some of the aforementioned historical
earthquakes represent similar ruptures of this segment. We
note, however, that such earthquakes do not involve slip of
the interface to the south of 2015 rupture zone, suggesting that
infrequent larger earthquakes must occur.

CONCLUSIONS

We present spatially rich intensity data for the Mw 7.8 Gor-
kha earthquake, determined from an exhaustive search of me-
dia accounts from the Indian subcontinent following the
earthquake and supplemented by numerous first-hand obser-
vations close to the rupture zone. EMS-98 intensities were
assigned for each account using modern conservative practices

(e.g., Ambraseys and Douglas, 2004); of particular note, these
assignments are consistent with those of Martin and Szeliga
(2010), who undertook a comprehensive reinterpretation of
the Indian historical catalog. In this study, we show that near-
field intensities for the 2015 earthquake are significantly
lower than predicted using the M I evaluation equations de-
veloped by Szeliga et al. (2010). The character of the Gorkha
mainshock rupture, which gave rise to ground motions with a
predominant period of≈5 s (Dixit et al., 2015; Galetzka et al.,
2015), provides an explanation for the low intensities. Inten-
sities at distances of roughly 50–200 km were lower than
those generated by the 1934 Mw ≈ 8:4 Nepal–Bihar earth-
quake, which ruptured the adjacent segment of the plate boun-
dary to the east. We infer that an earthquake in 1833,
previously assigned 7:3 < M I < 7:7 (Bilham, 1995; Ambra-
seys and Douglas, 2004; Szeliga et al., 2010), likely ruptured
a similar segment of the décollement beneath the Himalayas.
The 2015 earthquake may thus represent partial or complete
rupture of this segment of the Himalayas, releasing cumulative
convergence at currently observed geodetic rates. The spatially
rich data for the Gorkha earthquake provide a valuable com-
plement to the sparse set of instrumentally recorded accelera-
tions for the Gorkha earthquake and promise to provide an
important calibration event with which to re-evaluate previous
Himalayan earthquakes for which only intensity data are
available.

DATA AND RESOURCES

Ⓔ Intensity data, also available in ASCII format, were assessed
from primary sources listed in the Sources column of Tables S1–

▴ Figure 6. (a) Mainshock (red star), 12 May aftershock (white star), and aftershocks of the 2015 earthquake (black circles 7:8 > Mw > 4:0, 25
April–13 June) from the Nepal Seismic Network. Gray shading approximates the 2015 rupture zone. The blue triangle denotes the Kathmandu
Valley. The sources of the estimated epicentral locations for the 1833 earthquake are indicated: MZ, Min (1995); BN and BNE, Bilham (1995);
AD, Ambraseys and Douglas (2004); and SZ, Szeliga et al. (2010). (b) Spatial distribution of intensities (colored boxes) from the 1833 mainshock.

1530 Seismological Research Letters Volume 86, Number 6 November/December 2015



S4. Summary responses from the U.S. Geological Survey “Did
You Feel It?” questionnaire are free to download in various
formats at http://earthquake.usgs.gov/earthquakes/eventpage/
us20002926 (last accessed June 2015). Closed-circuit television
and amateur videos utilized by this study are available at https://
www.youtube.com/channel/UCoUAp8sJlurhws_dCCPAcDw (last ac-
cessed June 2015). The Nepal Survey Department topographic
contour data used in Figure 2 are freely available at https://data.
hdx.rwlabs.org/dataset/nepal-contour-lines-cod (last accessed
June 2015). Figures were generated using Generic Mapping
Tools (Wessel and Smith, 1991) and QGIS 2.8.2 (http://
www.qgis.org, last accessed June 2015).
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