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Nepal, a multi-hazard risk country: Spatio-temporal analysis

INTRODUCTION

Nepal, a Himalayan country, occupies 0.003% land of
the world and 0.03% of Asia, which is 147,181 sq. km. It is
almost rectangle in shape stretching east-west in about 800
kilometres length and 150 to 250 km. north-south width. It has
high relief variation starting from 60 meters above the mean
sea level to the highest peak on the earth, Mount Everest, and
exposure of diverse physiography. Nepal exposes 8 distinct
physiographic features namely, Inner and Trans Himalayan
Valleys, the Higher Himalaya, the Fore Himalaya, the Mid
Lands, the Mahabharat Range, the Dun Valleys, the Siwalik
Range and the Southern Terai (Upreti, 2001). Due to such
variation in physiography, the country experiences diverse
climatic conditions from all-weather snow-covered extreme
cold in the north to very hot and moist in the south. Most of the
major rivers, originating from glaciers and the Midlands and
Mahabharat Range are perineal; and rivers originated from the
Siwalik Range are non-perineal (Jimee, et. al., 2008).

According to the 2011 census, the total population of
Nepal is 26.5 million with growth rate of 1.35 per annum and
median age of 21.6 years. The Central Bureau of Statistics
estimates to reach more than 30 million population of the country
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by 2020 (CBS, 2014). The country has also improved its life
expectancy to 69.01 years in 2015 from 66.79 years in 2010
(NPC, 2017). However, the population growth has caused many
negative impacts in the human and natural environment such
as deforestation and encroachment of open spaces for
accommodating the increased population, including many
uninhabitable and hazardous areas such as flood plains/river
banks, unstable slope areas, swampy areas, inviting disasters.

METHODOLOGY

This paper has been prepared mainly based on the disaster
information collected through DesInventar system maintained
by National Society for Earthquake Technology-Nepal (NSET).
The system was developed by a team of researchers and
academicians of LA RED, the Network of Studies on Disaster
Prevention in Latin America in 1990s; and currently more than
30 countries have developed their national disaster databases
based on this system (DesInventar, 2018). In this context it is
relevant to note that the EM-DAT database maintained by Centre
for Research on the Epidemiology of Disasters (CRED) records
the disaster events with 1 or more deaths and/or 100 or more
people affected/ injured/homeless or declared emergency and/or
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an appeal for international assistance (CRED, 2018). DesInventar
is one of the very few methodologies/ tools available, which
permits the homogenous capture, analysis and graphic
representation of geo-referenced information on disaster
occurrence and losses. Realizing the significant cumulative loss
due to frequent small and medium level disaster events, Nepal
DesInventar system has considered all levels of events reported
through media, reports from the government ministries and
departments having loss of lives and/or property. Hence, with
consensus among the major DRM stakeholders in Nepal in
2003, the database has been recording 29 types of disaster
events occurring in Nepal (NSET, 2013). The database considers
10 national and local newspapers, government records/reports,
and other event reports collected by the key stakeholders working
in the field of DRM such as Department of Water Induced
Disaster Management (DWIDM), Nepal Red Cross Society
(NRCS) and Nepal Police etc. The current paper has analysed
the DesInventar database for the last 46 years (1971-2016).

NEPAL AS A MULTI-HAZARD RISK COUNTRY

Due to aforementioned physical diversity and climatic
variations, Nepal has been frequently facing different types of
hazards (MOHA, 2009; Jimee, et al., 2015) such as landslides,
fires, epidemics, earthquakes, floods, droughts and glacier lake
outburst floods (GLOF), thunderstorms and avalanches, etc.,
which have been putting people repetitively at risk (MOHA,
2015; MOHA, 2016). In this context, though Nepal lacks the
detail disaster information before 1970s, one can imagine and
might be right saying ‘Nepal has come up with myriad
devastating disasters in the past’. The country’s location on the
astride boundary of two active tectonic plates, diverse
physiography and climatic variation are the major causes of
hazards (Jimee et al., 2015). Lack of awareness among the
people, lack of clear policy and guidelines that are strictly
enforced, haphazard urbanization, unplanned development
activities, lack of proper land use, encroachment of open areas,
deforestation, have turned those hazards to devastating disasters
(Jimee et al., 2008, MOHA, 2018). Earthquakes are devastating,
and have destroyed the country 5 times even after 19th century
i.e. 1934, 1980, 1988, 2011 and 2015. However, many other
events, though individually have caused lesser damage in
comparison to earthquake, cumulatively they have caused
significant loss of lives and property. In this context, DesInvantar
has been very useful to keep records of not just large-scale
disaster events but also the small and medium scale, and to
carry out the analysis for the DRM plans. DesInventar recorded
more than 25,800 disaster events causing more than 45,700
deaths/missing and more than 71,000 injuries, more than 800,000
buildings collapsed during the last 46 years (1971-2016). The
major disaster events occurred in recent decades are- the floods
of 1993 and 2008, earthquakes of 1988 and 2015, landslides of
2013 and 2014, and fires of 1996 and 2008 (NSET, 2016,
MOHA, 2015). The database shows that the water induced
disasters including debris flow, landslides and floods, etc. are
more frequent causing significant loss of lives and property in

Nepal. This has affected negatively the socio-economic and
environmental condition of the country (Pradhan, 2013).

SPATIO-TEMPORAL ANALYSIS OF DISASTER
EVENTS AND IMPACT

This paper has tried to analyze the disaster events mainly
in two aspects: spatial and temporal. Further, the spatial analysis
has been carried out based on the physiographic sections and
political regions. Similarly, the temporal analysis includes: long-
term (historical) trend and the seasonal variations.

Temporal variation in occurrence of disaster events

The disaster events recorded since January 1971 to
December 2016 through DesInventar database system have
been considered for analysis in this paper. During this period
of 46 years, total 25,849 disaster events have been reported
occurring on average 2 events/day, which have caused on
average 3 deaths/missing per day. On average 0.5 events/day
occurred during 1971-1990, which was 1.4 events/day during
1991-2000, 2.9 during 2001-2010 and 3 events during 2011-
2016.  Similarly, the trend of death/missing also have been
increased in the same way i.e. 0.9, 1.2, 3.4, 2.8 and 6.6 per day
during 1971-1980, 1981-1990, 1991-2000, 2001-2010 and 2011
to 2016 respectively. The Fig. 1 also has presented the increasing
trend of disaster events. This trend shows that almost in every
4/5 years the rate of disaster events occurrence has been
accelerated. The increased number of reported events could be
mainly due to 1) the improved disaster event reporting system;
2) coverage and/or access of media; 3) increased vulnerability
and exposure to hazards with the growing population and
urbanization, and also due to multiple reports of the same
disaster events, for instance, the 1988 earthquake, 1993 flood
and 2015 earthquake have been reported from different affected
areas.

Fig. 2 presents the number of deaths/missing due to 15
selected disaster events during the last 46 years.  The record
shows on average about 1,000 people have been killed and/or
missing every year due to disaster events. The greatest number
of deaths in a single year 9,442 occurred in 2015 followed by
1,969 in 2001, 1,885 in 1993, 1,422 in 1999, 1,398 in 1997,
1,279 in 1988, and so on.

The Gorkha Earthquake in 2015 killed more than 8,800
people. Epidemic and landslide in 2001, flood and landslide in
1993, epidemic and flood in 1999, epidemic and flood in 1997,
and earthquake and epidemic in 1988 were the major causing
events of deaths/missing during this period. During this period
4 major earthquakes have occurred in 1980, 1988, 2011 and
2015 causing more than 9,700 deaths and/or missing. Earthquakes
are not frequent, but once occur, they have caused big loss of
lives and property. On the other hand, other disasters such as
epidemic, landslide, floods have occurred every year (Fig. 2)
and made cumulatively big loss of lives and property though
they have not big impact individually as earthquake.
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Fig. 2: Death and missing people due to disasters in Nepal during last 46 years (1971-2016) (Source: NSET, DesInventar
database, 2018)

season. As water-borne diseases like diarrhea, viral hepatitis
and typhoid are common during rainy season (WHO, 2018).
Epidemics and plagues are reported during July and August.

Nepal suffers from destructive fire (both domestic and
forest), strong wind, hail storm and thunder storm in the dry
season from March to May followed by February and June.
Thus, from the analysis of past 46 years disaster events July,
August and April are the months occurring maximum disaster
events. More than 47% of total disaster events, accounting for
more than 65% of total deaths/ missing, have been occurred in
these three months. As presented in the Fig. 3, November,
December, January and February can be considered relatively
safer months from natural disasters. However, as stated above,
the earthquakes have no co-relation with seasons.

Fig. 3 presents the occurrence and impact of disaster
events by months. There is no doubt that earthquake has no co-
relation with the climate and seasonal variation. The history
has shown occurrence of earthquake in different months
regardless the influence of seasons. However, other disaster
events such as the flood, landslide, epidemic, accident and
plague have maximum frequency of occurrence during July
and August followed by June and September. Nepal experiences
rainy season from mid-July to mid-September with extensive
rainfall. The floods overtopping river banks in the southern
Terai and mid-hills, and landslides on unstable hilly slopes
causing loss of lives and property are threatening events during
this season. Heavy rain over the sloppy and unstable hills in
the north also cause the landslides and flash floods. The most
incidents cases of accidents also have been reported during this

Fig. 1: Reported disaster events in Nepal during last 46 years (1971-2016) (Source: NSET, DesInventar database, 2018)
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Spatial distribution and impact of the disaster events

The spatial distribution and impact of disaster events
has been mainly analyzed based on geographical and political
boundaries in the following sections.

Disaster events by ecological regions

As Nepal has diverse physiography with high mountains,
hills, gorges, plateaus and plains, it experiences variety of
climatic conditions at different locations.  Thus, the type,
frequency and intensity of impact of disaster events vary
depending on the physiography and climatic conditions. The
highest number of events reported, 53% is from hilly region
followed by 34 % in thr Terai and 13 % from mountain region.
However, the proportion of type events differs from one region
to other (Figs. 4 and 5), for instance, accident, epidemic, fire,
hailstorm, earthquake, plague, heavy rain, storm, structure
collapsed, thunder storm are mostly reported from hilly areas
followed by the Terai and mountain, respectively. While cold
wave, drought, flood, frost, heat wave, strong wind are more
frequently reported in the Terai areas followed by hills and
mountains. Almost all avalanches and snow storms are reported
from mountain areas.

The greatest number of reports of deaths/missing is from
hilly areas (50%) followed by the Terai (26%) and mountain
(24%) areas, respectively. Epidemic, earthquake, landslide,

flood, accident, thunderstorm and fire events are the major
causes of deaths/missing while maximum buildings have been
destroyed by earthquakes, floods, fire and landslides in hilly
regions. In the Terai region, epidemic, flood, accident, cold
wave, boat-capsize, fire and thunder storm are the major events
causing deaths/missing people. Similarly, in mountain region
earthquake, epidemic, landslide, flood, accident, avalanche,
thunderstorm, fire and snow storm are the major contributing
events for deaths/missing people.

Disaster events and their Impact in Chure Region

The Chure area, situated between main boundary thrust
(the southern boundary of the Mahabharat Range) and the main
frontal thrust (the northern boundary of the Terai madhesh),
spreading over 36 districts partially or complete (GON, 2018)
shares 58 % of the total reported disaster events and 39 % of
total deaths/missing people. About 4,500 fire events (both
domestic and forest fires), more than 3,200 flood events, about
1,300 accidents and more than 900 landslide events have been
reported from 36 Chure districts (Fig. 6). While analyzing the
death/missing people during these 46 years, epidemic is the
major event causing more than 44% deaths followed by flood
(17%), landslide (7%), accident (7%) and earthquake (5%).
More than 3 hundred thousand buildings have been destroyed
in the Chure area during this period, 44% are destroyed by
earthquake, 29% by flood, 23% by fire, 3% by landslide and
1% by strong wind.

Fig. 3: Frequency of disaster events by different months based on the last 46 years (1971-2016) (Source: NSET, DesInventar
database, 2018)
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Fig. 6: Occurrence of disaster events and their impact in Chure Region (1971-2016) (Source: NSET, DesInventar database,
2018)

Fig. 4:  Disaster events reported in different ecological regions in Nepal during last 46 years (1971-2016)

(Source: NSET, DesInventar database, 2018)

Fig. 5: Death and missing people in different ecological regions due to disasters (1971-2016) (Source: NSET, DesInventar
database, 2018)



150

Ganesh Kumar Jimee et al.

CONCLUSIONS

Nepal experiences multi-hazard disaster events, the trend
of occurrence is increasing every year. In average, 2 events
have been occurred every day killing 3 persons during last 46
years (1971-2016). Occurrence of hazards have been highly
governed by the physiography and climate, while intensity of
impact has been depended on the exposure of elements at risk.

During this period, fire events have been reported most
frequently, epidemics have caused maximum deaths and
earthquakes have destroyed maximum number of buildings.

Earthquakes, floods, landslides and fire events are
individually large in scale, however, other small disasters (e.g.
epidemics and accidents, etc.), cumulatively have caused more
loss of lives and property. Majority of loss of lives and property
in hill and mountainous areas are due to earthquakes, and in
the Terai due to floods.

The seasonal variation has been found in occurrence of
many disaster events, except earthquake. November, December
and January are relatively safer months comparing to others,
however, earthquakes have occurred in any months, regardless
with the season.

Disaster events and their impact by Provinces

Every parts of the country have been affected by one or
another type of disaster events. However, the type and extend
of disaster impact vary depending on the type of physiography,
climate and exposure. Out of total 25,849 reported disaster
events, maximum events (23%) have been reported from province
1 followed by province 3, 4, 2, 7, 5 and 6 with 20 %, 15 %, 14
%, 10 %, 9 % and 9 % reports respectively. However, 32 % out
of total 45,781 deaths/missing have been reported from province
3 followed province 1, 7, 6, 4, 2, and 5 with 14 % 14 %, 12 %
and 11 %, 11 %, 11 % and 9 % deaths/missing people,
respectively.

Fig. 7 and Table 1 present the reported disaster events
and impact in different provinces during last 46 years. The fire
events have been reported most frequently in province 1, 2, 3
and 5. While landslide is the most frequently reported in province
4 and epidemic from 6 and 7. However, maximum deaths of
people are reported due to epidemics from all provinces except
in province no. 3. While in province 3 the large number of
deaths/missing are due to earthquake, which is mainly in 2015.

Fig. 7: Types and number of disaster events reported from different provinces of Nepal (1971-2016) (Source: NSET,
DesInventar database, 2018)
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Proper mechanism for information reporting, collection,
recording and analysis at the local

level is very important to develop disaster risk
management plans at respective levels.

More than 36 % of total deaths by epidemics, suggest
more investment and effective implementation of disease control
programs by the Government of Nepal.

More than 76 % of total collapsed buildings caused by
earthquake, 11 % by floods and 9 % by fire events, indicates
the need of strictly followed earthquake resistant construction practice
and effective implementation of Nepal National Building Code.

Spatial analysis of disaster events is crucial for preparing
multi-hazard risk sensitive/zoning maps, and temporal analysis
is important for developing disaster occurrence calendars.

The multi-hazard risk sensitive land use plan/zoning
maps and disaster occurrence calendars are very important for
developing disaster risk management strategic plans, counter
measures and policy and guidelines at provincial and local
governments.
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