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Abstract
The federal democratic republic of Nepal is located at the boundary between 
Indian and Tibetan tectonic plates and therefore lies in a seismically active 
region. Historical data evidence the occurrence of destructive great earthquakes 
in the past. Earthquakes are caused mainly due to disequilibrium in any part 
of the crust of the earth. If we look at the world distribution of earthquake, it 
appears that the earthquake belts are closely associated with the weaker zones of 
the seismotectonics of the region. It is an instrument for seismic surveillance 
allowing a fast post-earthquake rescue operation. This paper incorporates a 
case of earthquake occurred in April, 2015 as one of the environmental hazards 
visited by nature which proved disastrous causing massive loss of lives and 
properties to the vulnerable regions. It can be taken as a lesson to mitigate 
massive loss of lives and properties selecting isostatically proper land structure 
and constructing safe settlements for habitat in Nepalese context.
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Introduction
Those events or accidents, whether caused by natural processes or human factors, are called extreme events which occur very rarely and aggravate natural environmental processes to cause disaster for human society such as sudden tectonic movements leading to earthquake and volcanic eruption, continued dry conditions leading to prolonged droughts, 

as those extreme events either natural or 
man-induced, which exceed the tolerable 
magnitude within or beyond certain time 
catastrophic losses of property, income and 
news media at world level (Strahler & Strahler, 
1976).
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Singh describes that hazards are generally taken to be the processes, both natural and anthropogenic, which cause an accident/extreme event or danger whereas ‘disaster’ is a sudden adverse or unfortunate extreme event which causes great damage to human beings as well as plants and animals. Disasters occur rapidly, instantaneously and indiscriminately. It, therefore, becomes obvious that environmental hazards are the processes whereas the environmental disasters are the results or responses of environmental hazards. It may be mentioned that environmental disasters are always viewed in terms of human beings. The intensity of environmental disaster is weighed in terms of the quantum of damages done to the human society (as cited by Dube, 2014).
Earthquake is one of those extreme events caused due to natural or anthropogenic or by both factors. This paper incorporates the introduction of environmental hazard, environmental disaster, earthquake, 
size & occurrence, mitigation measures, preparedness, a case of earthquake in Nepal-2015 and history including conclusion.
Earthquake
Geographically, Nepal is situated on the lap of the Himalayas in southern Asia, sandwiched between two large countries, China in north and India in south, east and west, occupy an area of 1,47,181 sq. kilometers which is about 0.3 percent of Asia continent and 0.03 percent of world land mass. Situated on the southern slope of the Himalayas, it stretches in between the latitudes26° 22’ and 30° 27’ north and the longitude 80° 04’ and 88° 12’ East (Chaudhary, 1998). According to recent population census report, out of the total 2,64,94,504 population, Himalayan region habituates with 6.73 percent, Hilly region 43 percent and Terai region habituates with 50.27 percent population of Nepal (CBS, 2011). Among these, Himalayan and Hilly regions are more vulnerable from the point view of 

earthquakes because many fault-lines/zones are located in these isostatically weaker zones.

demonstration of the power of tectonic forces caused by endogenetic thermal condition of the interior. An earthquake is a motion of the ground surface ranging from a faint tremor to a wild motion capable of shaking building 
ground. The earthquake is a form of energy of wave motion transmitted through the surface layer of the earth in widening circles from a point of sudden energy release, the focus (as cited by Singh, 1999).
The word ‘earthquake’ has been composed of two words ‘earth’ and ‘quake’ which means ‘quaking or shaking’ of the earth (Sharma & Bhatta, 2011). An earthquake (also known as a quake, tremor or temblor) is the perceptible shaking of the surface of the Earth, which can be violent enough to destroy major buildings and kill thousands of people. The severity of the shaking can range from barely felt to violent enough to toss people around. Earthquakes have destroyed whole cities. They result from the sudden release of energy in the Earth’s crust that creates seismic waves. The seismicity, seismism or seismic activity of an area refers to the frequency, type and size of earthquakes experienced over a period of time (Wikipedia).
The place of origin of the earthquake is called focus or hypocenter which is always hidden inside the earth. The place on the ground surface, which is perpendicular to the buried hypocenter is called epicenter (Gurung, 2064 BS). The magnitude or intensity of energy released by an earthquake is measured by “Richter scale” which was devised by Charles F. Richter. The waves generated by earthquakes are called seismic waves which are recorded by an instrument called ‘seismograph or seismometer’. The science which deals with the seismic waves is known as ‘seismology. The tremors which are frequently coming in an 
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shocks”. An aftershock is an earthquake that occurs after a previous earthquake, the main-shock. An aftershock is in the same region of the main shock but always of a smaller magnitude. If an aftershock is larger than the main shock, the aftershock is re-designated as the main shock and the original main shock is re-designated as a foreshock. Aftershocks are formed as the crust around the displaced fault 
(Singh, 1999). 

Magnitude 3 or lower earthquakes are mostly almost imperceptible or weak and magnitude 7 and over potentially causes serious damage over larger areas, depending on their depth. The largest earthquakes in historic times have been of magnitude slightly over 9, although there is no limit to the possible magnitude. The most recent large earthquake of magnitude 9.0 or larger was a 9.0 magnitude earthquake in Japan in 2011
 Accordingly some of the greatest hazardous earthquakes of the world are Russia (1952) having magnitude of 9.0 richter scale, Chile (1960) having magnitude 9.5 richter scale, Alaska (1964) having magnitude of 9.2 richter scale, Indonesia (2004) having magnitude of 9.1 richter scale and one very recent earthquake of Chile (16th September, 2015) having magnitude of 8.3 richter scale which occurred during the preparation of this manuscript. Intensity of shaking is measured 

an earthquake, the more damage to structures it causes, all else being equal (Wikipedia). 
The most devastating earthquakes visited in Nepal are Bihar-Nepal earthquake on 16th January, 1934 with magnitude 8.4 richter scale, Nepal-Sikkim earthquake on 18th September, 2011 having 6.8 richter scale magnitude and the most recent shocking earthquake of 25th April, 2015 with the magnitude 7.9 richter scale hit Nepal in the area near Barpak, a mountain village between capital Kathmandu and tourist town Pokhara. The earthquake was followed by many powerful aftershocks and a 

very powerful one (6.7) hit Nepal on Sunday April 26. The earthquake caused extensive damage to buildings and thousands of deaths and injuries and was even felt in Pakistan, India and Bangladesh. Many historic monuments and buildings collapsed, temples have been ruined, roads destroyed, nearly 10,000 deaths in Nepal and hundreds of deaths in India and Tibet. The quake was followed by more than 600 aftershocks and another overwhelming earthquake of 6.8 Richter scale on May 12, 2015 (The Kantipur Daily on 28th April, 2015).
Causes of earthquake
Earthquakes are caused mainly due to disequilibrium in any part of the crust of the earth. If we look at the world distribution of earthquake, it appears that the earthquake belts are closely associated with the weaker zones of the globe (Singh, 2003). In its most general sense, the word earthquake- whether natural or caused by humans - that generates seismic waves. Earthquakes are caused mostly by rupture of geological faults, but also by other events such as volcanic activity, landslides, mine blasts, and nuclear tests. The major causes of earthquakes are;

Gaseous expansion beneath the earth surface
Volcanic eruption
Crustal adjustment; faulting/ folding
Hydraulic action
Anthropogenic causes
Nuclear testing
Plate tectonics

Recently, plate tectonic theory has been accepted as the most plausible explanation of the causes of earthquakes. There are three main types of fault, all of which may cause an interpolate earthquake: normal, reverse (thrust) and strike-slip. Normal faults occur mainly in areas where the crust is being extended such as a Divergent boundary. Reverse faults occur in areas where the crust 
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EARTHQUAKE IN NEPAL
is being shortened such as at a Convergent boundary. Strike-slip faults are steep structures where the two sides of the fault slip horizontally past each other; Transform boundaries are a particular type of strike-slip fault. Many earthquakes are caused by movement on faults that have components of both dip-slip and strike-slip; this is known as oblique slip.
The plate boundaries/zones constitute the major earthquake areas of the world. Three 
weaker zones of the world are;

Mid-Continental belt
Mid-Atlantic ridge

Singh (1999) emphasizes that there is wide range of variation in the nature and magnitude of earthquakes. Each earthquake 

certain categories. In spite of these limitations 
common characteristics as given below.

factors
A. Natural earthquakes
 I. Volcanic earthquakes
 II. Tectonic earthquakes
 III. Isostatic earthquakes
 IV. Plutonic earthquakes

Guttenberg has divided the world seismic centers on the basis of the depths of their foci into three types
I. Moderate earthquakes - 0 to 50 km. depth

II. Intermediate earthquakes - 50 to 250 km. depth
III. Deep focus earthquakes - 250 to 700 km. depth

causalities’
I. Moderately hazardous earthquakes - below 50,000 deaths
II. Highly hazardous earthquakes 
 - 51,000- 1,00,000 deaths
III. Most hazardous earthquakes  - above 1,00,000 deaths

earthquake
At the earth’s surface, earthquakes manifest themselves by shaking and sometimes displacement of the ground. When the epicenter of a large earthquake is located 

can also trigger landslides and occasionally volcanic activity. Some of the overwhelming 

Ground shaking and ground displacement along a fault
Slope instability and failures 
Land and mud slides
Soil liquefaction.
Avalanches.
Floods from dam and levee failure and subsidence.
Structural collapse
Falling objects
Damages to towns and cities
Massive loss of lives and property
Fires
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Volcanoes
Tsunami
Epidemics and diseases

It is estimated that only 10 percent or less of an earthquake’s total energy is radiated as seismic energy. Most of the earthquake’s energy is used to power the earthquake fracture growth or is converted into heat generated by 
earthquakes include, but are not limited to, the following:
Shaking and ground rupture
  

Fig. 1 Damaged buildings and ground in (Barpak and Kathmandu) Nepal, April, 2015

created by earthquakes, principally resulting in more or less severe damage to buildings and other rigid structures. The severity of the local 
of the earthquake magnitude, the distance from the epicenter, and the local geological and geomorphological conditions, which may amplify or reduce wave propagation. The ground-shaking is measured by ground acceleration.

Ground rupture is a visible breaking and displacement of the earth’s surface along the trace of the fault, which may be of the order of several meters in the case of major earthquakes. Ground rupture is a major risk for large engineering structures such as dams, bridges and nuclear power stations and requires careful mapping of existing faults to identify any which are likely to break the ground surface within the life of the structure (Wikipedia). 
Landslides and avalanches

Fig. 2 Landslide of a) El Salvador earthquake, 2001, (b, c) Kaligandaki which blocked the river d) avalanche of Mt. Everest after earthquake of 2015 in Nepal
Landslides became a symbol of the devastation the 2001 El Salvador earthquakes left, killing hundreds in its wake. Earthquakes, along with severe storms, volcanic activity, coastal 
instability leading to landslides, a major geological hazard. Landslide danger may persist while emergency personnel are attempting rescue (Wikipedia).

b

c d

a

Shiva Kant Dube



Aca
dem

ic V
oic

es,
 Vo

l. 5
, N

0. 1
, 20

15

61

 Fires

damaging electrical power or gas lines. In the event of water mains rupturing and a loss 

For example, more deaths in the 1906 San 
by the earthquake itself (Wikipedia). 
Soil liquefaction
Soil liquefaction occurs when, because of the shaking, water-saturated granular material (such as sand) temporarily loses its strength and transforms from a solid to a liquid. Soil liquefaction may cause rigid structures, like buildings and bridges, to tilt or sink into the 
Alaska earthquake, soil liquefaction caused many buildings to sink into the ground, eventually collapsing upon them (Wikipedia).
Tsunami

Fig. 3 The tsunami of the 2004 Indian Ocean earthquake 

A large ferry boat rests inland amidst destroyed houses after a 9.0 earthquake and subsequent tsunami struck Japan in March 2011. Tsunamis are long-wavelength, long-period sea waves produced by the sudden or abrupt movement of large volumes of water. In the open ocean the distance between wave crests can surpass 100 kilometers, and the wave periods can 
tsunamis travel 600-800 kilometers per hour, depending on water depth. Large waves produced by an earthquake or a submarine landslide can overrun nearby coastal areas in a matter of minutes. Tsunamis can also travel thousands of kilometers across open Ocean and wreak destruction on far shores hours after the earthquake that generated them (Noson et al., 1988). 
Floods

that reaches land. Floods occur usually when the volume of water within a body of water, such as a river or lake, exceeds the total capacity of the formation, and as a result some 

damaged. Earthquakes may cause landslips to 
(Wikipedia). 
Human impacts
An earthquake may cause injury and loss of life, road and bridge damage, general property damage, and collapse or destabilization (potentially leading to future collapse) of buildings. The aftermath may bring disease, lack of basic necessities, and higher insurance premiums. District-wise human causalities done by the shocking earthquake of 2015 in Nepal is presented in the following map (MoHA, 2015).
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Size and frequency of occurrence
It is estimated that around 500,000 earthquakes occur each year, detectable with current instrumentation. About 100,000 of these can be felt. Minor earthquakes occur nearly constantly around the world and larger earthquakes occur less frequently, the relationship being exponential; for example, roughly ten times as many earthquakes larger than magnitude 4 occur in a particular time period than earthquakes larger than magnitude 5. In the (low seismicity) United Kingdom, for example, it has been calculated that the average recurrences are: an earthquake of 3.7–4.6 every year, an earthquake of 4.7–5.5 every 10 years, and an earthquake of 5.6 or larger every 100 years. This is an example of the Gutenberg-Richter law.
Most of the world’s earthquakes (90%, 

and 81% of the largest) take place in the 40,000 km long, horse shoe-shaped zone 
as the , which for the 
earthquakes tend to occur along other plate boundaries, too, such as along the Himalayan Mountains (James, 2006). 
Earthquake prediction
Many methods have been developed for predicting the time and place in which earthquakes will occur. Despite considerable 
reproducible predictions cannot yet be 
for well-understood faults the probability that a segment may rupture during the next few decades can be estimated. Earthquake Warning System

Fig. 4 District-wise loss of life due to earthquake 2015
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 (Wikipedia) .
Preparedness
The objective of earthquake engineering

seismic 
Table 1: Preparedness of earthquake

How Before an earthquake At the time of an earthquake After earthquake
Be prepared for coming earthquakes. Construct earthquake resistant buildings and other structures. Don’t get panic. Panic kills you rather than the earthquake itself.

Be prepared for aftershocks.

Learn how to be prepared for earthquakes.
Take shelter (if it is close) under strong furniture (tables, beds) close to walls under door frame.

Stop gas, electricity supply.

Learn what we should do before earthquakes occur.
If possible, avoid areas that are sensitive to earthquakes, where Keep away from High Tension lines of electricity. Know the condition of your family and then go to safe places outside.

Learn what we should do at the time of earthquakes.
Identify safe places in your Keep away from windows. Don’t use telephone (rescue team may want to use it).

Learn what should we do after an earthquake. food and water for at least three-four days.
Keep away from high rise buildings. Rescue your family 

your neighbors.
Educate students on how to protect ourselves at the time of earthquake.

Keep away from tall structures.Stop your vehicle if you are on drive.
If you are trapped, believe and wait rescue teams will come to rescue you.

Put important documents (passport, citizenship, insurance) in safe place.
If you are walking, stop now!!Keep away from very congested places.

Earthquake insurance
 Emergency management

 (Wikipedia). Table 1 shows the preparedness techniques to be 
minimize potential loss.
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consisting of 21 short period seismic stations in 1998 and 7 accelerometer stations in 2012. The network is operated in collaboration with Department of Analysis & Surveillance of Environment (DASE), France. The 21 short period seismic stations and 7 accelerometer stations occupy the Lesser Himalaya and Sub Himalayan terrain of Nepal Himalaya uniformly.
The recording is carried out at two centers Birendranagar Regional Seismological Centre (RSC), Surkhet and National Seismological Centre (NSC), Lainchour, Kathmandu. RSC records 9 stations of mid-western and far-western Nepal while NSC records the remaining 12 stations from Pyuthan to Taplejung. The stations are operated in two sensitivity channels allowing a dynamic range of 110 db. The signals are digitized centrally acquired using JADE software of DASE. The location is made with ONYX software of DASE since April, 2001. Before this ISIS software of DASE was used for acquisition & processing.

Fig. 6 GPS and Accelerometric Stations in Nepal
Since, earthquake is caused by sudden release of elastic energy stored in the active geological faults inside the earth which causes movement in the crust. In order to monitor the crustal shortening because of continuous movement of Indian Plate towards the north, NSC/DMG installed 29 GPS Stations in technical collaboration with Caltech/USA and 

Nepalese context
The federal democratic republic of Nepal is located at the boundary between Indian and Tibetan tectonic plates and therefore lies in a seismically active region. Historical data evidence the occurrence of destructive great earthquakes in the past. Mitigation of earthquake risk can be made only with adequate assessment of seismic hazard which should be based on the evaluation of seismo-tectonic and geological process prevailing in this part of the world.

Fig. 5 Collision of Eurasian and Indian Plates
Microseismic monitoring is a very fast 
seismotectonics of the region. It is an instrument for seismic surveillance allowing a fast post-earthquake rescue operation. For regional and global earthquake location and related seismological studies it provides a valuable database.
Microseimic monitoring in Nepal started in November, 1978 by Department of Mines and Geology (DMG), Ministry of Industry, government of federal democratic republic of Nepal in collaboration with Laboratoire de Geophysique Appliquee, Paris University, 
period vertical seismic station Phulchoki (PKI) hilltop in the south of Kathmandu. The numbers of stations were augmented gradually to create the National Network 
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DASE/France across the Nepal Himalaya. By the end of 2012, 151667 earthquakes have been recorded by the Centre out of which 51053 are local and regional and 100814 are teleseisms.
Historical Earthquakes
Historical seismicity is the historical records 
form such as written history, chronicles, inscription etc. which plays an important role in the seismic hazard assessment because instrumentally recorded earthquakes are lacking before the current century. Historical events must be available for a long period of human civilization which should throw light on the extent of damage besides the date and place of occurrence.  Chitrakar & Pandey (1986) conclude that the earthquake of 1255 AD has been reported to destroy many houses and temples and killing one third to one fourth population of the Kathmandu Valley. The assigned intensity is about X in MM scale. The earthquake of 1408 AD has been reported to destroy the Machhendra Nath temple of Patan.  Similarly the earthquake of 1681 AD and 1810 AD have been reported to occur but the exact locations of these earthquakes are not known.  Bilham (1995) acclaimes that recent research on historical data has well constrained on the source, size, magnitude and possible location of 1833 AD event which devastated Kathmandu valley. Its magnitude is reported to be of  Mb=7.8 with possible rupture length of more than 70 km and the event is located at 50 km North - North East of Kathmandu.  
human casualties are reported to be less than 500, which may be due to occurrence of two large foreshocks. The earthquake of 1934 AD is the most devastating earthquake ever occurred in the territory of Nepal with casualties of more than 16000 people including from Nepal and India put together. The rupture length is estimated to be 200 Km  Km . 

The great earthquake, which occurred in Nepal, was Bihar-Nepal earthquake of 1934 AD Assam great earthquake of 1897, Kangra earthquake 1905, and Assam earthquake 1950 were felt in Nepal. The earthquake of 
The record of historical earthquake is not complete which poses a problem in assessing the recurrence period of great earthquakes. From the available data there has been no great earthquakes of magnitude >8.0 in the gap between the earthquakes of 1905 A. D and 1934 A. D. and there is a real threat that a major earthquake may occur in this gap that 

Conclusion
Earthquake is one of those extreme events caused due to natural or anthropogenic or by both factors. It is demonstration of the power of tectonic forces caused by endogenetic thermal condition of the interior. An earthquake is the perceptible shaking of the surface of the earth which can be violent enough to destroy major buildings and killing thousands of people. The severity of the shaking can range from barely felt to violent enough to toss people around. They result from the sudden release of energy in the Earth’s crust that creates seismic waves. The seismicity, seismism or seismic activity of an area refers to the frequency, type and size of earthquakes experienced over a period of time. Earthquakes are caused mainly due to disequilibrium in any part of the crust of the earth and are associated with isostatically weaker zones of the world. Earthquakes 
and prove miserable to human society.
The recent earthquakes of Nepal-2015 proved devastating and miserable causing extensive damage historic monuments, buildings, temples, roads and nearly 10000 deaths and thousands of injuries in Nepal and the neighboring territories. Thus, preparedness about earthquake, seismically 
settlements may support to minimize 
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potential loss because neither it is predictable nor controllable. 
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