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Preface

On April 25, 2015, a magnitude 7.8 earthquake (“Gorkha Earthquake”) shook the
central part of Nepal, including the capital Kathmandu, followed by a magnitude 7.3
aftershock on May 12. More than 8700 people were killed and nearly 800,000
buildings damaged or destroyed, leaving millions of people homeless. The implications
of the earthquake reached far beyond the loss of lives and the destruction of buildings.
Nepal’s infrastructure was strongly harmed, with wide-ranging effects for many parts of
society and country.

The damage or destruction of numerous temples and world heritage monuments
directly affected the daily religious worship of the population and the
social-economic conditions and cultural identity of the country. Moreover, groups
underprivileged already prior to the earthquake, based on gender, ethnicity, or caste,
strongly suffered from the impacts of earthquake, and the social cohesion of the
society and the society’s feeling of security and a worth living future were affected.

Earthquakes, like other types of larger natural catastrophes, always have multifaceted
effects on all parts of a society and a country. Therefore, they should be looked at and
studied from an inter- and intra-disciplinary viewpoint. This requires a continuous
dialogue between science, politics, administration, public organizations, and the people,
with special view to the society’s approach toward recurrent catastrophes.

From this perspective, an interdisciplinary conference (Humboldt Kolleg) was
organized in Kathmandu, February 2016, where geoscientific, technical, medical,
economic, social, political, and legislative aspects of the Gorkha earthquake were
presented and discussed in detail as well as with respect to the special situation of
Nepal as a developing country. Particularly, the connections and interactions
between these fields were emphasized. Based on panel discussions, suggestions
were presented, in which way preparedness of the society on all levels of technical
and medical precaution, administration, politics, and, not least, with respect to
culture and social structure can be reached and resilience toward future earthquakes
and other catastrophes can be increased.

The present book assembles conference contributions from all
earthquake-relevant fields and is designed to give an overview on their multi- and
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interdisciplinarity. Specifically, it deals with possibilities of earthquake-resistant
building and settlement, efforts for restoration of world heritage sites, and questions
related to technical and medical relief, and to economy, administration, politics, and
public life in a high-risk seismic zone.

We gratefully acknowledge the generous financial support of the Alexander von
Humboldt Foundation, which enabled the organization of the conference, which in
turn formed the basis for the present book.

Munich, Germany Jörn H. Kruhl
Kathmandu, Nepal Rameshwar Adhikari
Kassel, Germany Uwe E. Dorka
August 2017
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Earthquakes as Events
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to the Gorkha 2015 Earthquake
in Nepal

Jörn H. Kruhl, Rameshwar Adhikari and Uwe E. Dorka

Abstract Earthquakes are catastrophes that affect all parts of a society and a
country. Consequently, they have to be examined integratively and measures of
restoration and precaution have to include not only safer rebuilding and damage
minimization but many more fields, such as economy, infrastructure or social
structure of the society. Using the example of the Gorkha 2015 earthquake in
Nepal, geoscientific, technical, medical, economic, social, political and legislative
aspects of such a catastrophe are presented and discussed in detail as well as with
respect to the special situation in a developing country. Particularly, the connections
and interactions between all these fields are emphasized. In addition, suggestions
are presented, in which way preparedness of the society on all levels of technical
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1 Introduction

In April and May 2015, an earthquake of magnitude 7.8 and an aftershock of
magnitude 7.3 shook Nepal (Avouac et al. 2015; Elliott et al. 2016; Parameswaran
and Rajendran 2017; Shrestha et al. 2016; Thapa 2018), 80 years after the dev-
astating earthquake of 1934. This “Gorkha 2015 earthquake” did large damage in
the capital Kathmandu but also in the mountain regions north and northeast of
Kathmandu (Hashash et al. 2015; Thapa 2018).

Post-earthquake rebuilding in Nepal is slow. Reasons are not only lack of money
and resources, typical of a developing country, and the low accessibility of the
mountain regions. They are also rooted in the political and social structure of the
country and in the insufficient disaster preparedness, which affect all parts of
country and society.

The cultural, economic and political situation of Nepal is not only influenced by
its situation as land-locked country in the highest mountain range on Earth and its
location in a seismogenic zone but also by its history as a Hindu, absolutistic
kingdom (Jerry 2016). The feudal system, lasting for centuries and extremely
centralized at Kathmandu and the Kathmandu valley, led to a significant economic
and political weakening of remote regions. The opening of the country during the
fifties and sixties befell only the more easily accessible Kathmandu valley and few
larger cities in other parts of the country (Hagen 1998). Since the seventies and
eighties, a few high mountain regions were opened up for tourism (climbing and
trekking tourism). Nevertheless, the Kathmandu valley with its three old royal
towns Kathmandu, Patan and Bhaktapur and its numerous world heritage sites
remained principal destination of foreign tourists.

After the ten years lasting civil war the kingdom was transformed to democracy
with federal structure (Einsiedel et al. 2012; Jha 2014) and a new constitution was
adopted in autumn 2015. However, larger ethnic groups (mostly in Terai) do not
feel adequately represented by the constitution. This resulted in riots and a blockade
of the Nepal-India border during winter 2015/2016, contributing to the instable
political situation. In addition, essential parts of the constitution, mainly those
related to the decentralization of the country, still have to be implemented. At least,
in May 2017, elections were held on various local levels, after ca. 20 years without,
and democratically legitimized representatives of the people could be elected. Most
decisions are still made in Kathmandu and most of the money generated in the
regions (e.g. by tourism) flows to Kathmandu and is possibly distributed again.

Nepal’s location between India and China (Tibet) governs the political and
economic situation of the country, with historically induced stronger bounds to
India. Nepal’s border to India is ‘open’. The main sources of foreign currency
income are tourism and money transfer of Nepali workers mostly in the Gulf region
and Malaysia. Nepal is a developing country and is placed in the lower ranges of
various rankings, for example on position 144 (out of 188) in the human devel-
opment index (UNDP 2016) or on position 131 (out of 176) in the corruption
ranking (Transparency International 2017). The public school system in Nepal
suffers from underfinancing, a generally insufficient education of teachers, and far
too large classes. This is partly also true for private schools.

2 J.H. Kruhl et al.



With respect to ethnic groups, culture, religion and language, Nepal is extremely
diverse. 81.3% of the population are Hindu, 9% Buddhist, 4.4% Islamic, 3.1 Kirati
and 1.4% Christian (Nepal Census 2011; Nepal Central Bureau of Statistics 2017).
This affects the current political situation. The caste system, too, has bearing on the
Nepali society.

The situation related to economy, education, and medical care is considerably
better in Kathmandu and other larger cities compared to rural and mountainous
regions. In the former, an at least partly suitable network of traffic routes exists,
whereas in the mountainous regions walking and transport of goods by porters,
mules and yaks is required.

Against this background, the implications of the Gorkha 2015 earthquake and
further natural disasters in Nepal have to be considered. The present work inspects
the geoscientific, technical, medical, economic, social, political and legislative
aspects and problems of the country. In addition, suggestions are presented, in
which way earthquake precaution should be taken and resilience towards future
earthquakes and other catastrophes can be increased.

2 Earthquakes and Related Hazards in Nepal

Earthquakes are unevenly distributed. They mainly occur where plates of the
Earth’s outermost layer move parallel to each other or converge and are eventually
subducted into the upper mantle of the Earth. Consequently, earthquakes are fre-
quent at the margins of the Pacific plate and its small neighboring plates, i.e. along
the north- and south-American west coast, the south-eastern part of Japan, within
the small-scale plate puzzle of Southeast Asia, along the eastern margin of the
Indian-Australian plate, in the zones between the Indian subcontinent and Eurasia,
and between Africa, Europe and Anatolia (USGS 2017a).

Frequency and magnitude of earthquakes can be evaluated on a statistical basis.
However, earthquakes cannot be predicted and not at all on a short-term basis,
which alone would be usable for vital security arrangements, such as evacuations
(Wang and Rogers 2017). Uncertainty is increased by the fact that earthquakes can
occur in regions that are seen as seismically inactive. For example, the Christchurch
earthquake 2011 occurred at an unrecognized fault, ca. 100 km away from the
boundary between the Pacific and the Indian-Australian plate and in a region of
relatively low seismicity since begin of records (Kaiser et al. 2012).

Historical earthquake records bear uncertainties and may underestimate the
frequency of earthquakes and, consequently, the seismic risk of a region (Bilham
2009). Moreover, events with intervals longer than human life disappear from the
collective memory. However, this does not mean that preparedness is not possible.
Based on regulations and training and education programs, countries located in
seismically active zones, such as China, Italy, Japan, Portugal or the United States
of America, made efforts to adjust the population to seismicity (Custódio et al.
2016; Gao et al. 1999; Matsumoto and Fujiwara 2014; Nathe 2000), in contrast to
e.g. Nepal where indeed the necessity of disaster preparedness was underlined
already in 1999 (Basnet et al. 1999), however, without further consequences.
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Nepal is located in a young collisional orogen with high uplift rates and an
accordingly pronounced morphology, i.e., with partly steep valley sides and ele-
vation differences of up to several thousand meters (Hagen 1969). Additionally, the
country is located completely in a zone of high seismicity with at least ten larger
earthquakes documented for historical times (Chitrakar and Pandey 1986) and a
similar number of earthquakes for pre-historic times (Sakai et al. 2015). The pro-
nounced morphology and the earthquakes lead to further natural disasters, e.g.
floods, liquefaction, land subsidence, rock falls, landslides, and debris avalanches.
The annual monsoon rain partly increases these disasters.

Even independently of earthquakes, many regions of the country are impacted
mostly by mass movements, again dependent on morphology and monsoon rain
(Dahal and Hasegawa 2008; Gerrard 1994; Thapa 2018). These mass movements
occur not only in the Higher Himalaya but also in the Lesser Himalaya and the
Siwaliks (Dahal et al. 2008, 2009; Hasegawa et al. 2009; Timilsina 2014). They
represent a continuous danger for villages but also endanger reservoir dams,
demolish roads and can lead to flooding even at larger distances. In addition,
landslides continuously destroy forests and valuable agricultural soil.

In the mountainous regions people often settle in areas with high risk of land-
slides and debris avalanches. This risk can be at least partly illustrated by risk maps.
They are based on mapping of landslides and estimation of future landslide hazard
and ideally result in recommendations for possible relocation of displaced people
(Thapa 2018). However, specifically in the mountainous regions of Nepal it might
be difficult to find alternative areas that are suited for settlement but not yet settled.
Hence, the observation of active landslides is important, which is not only based on
analyses of satellite images and remote sensing (Gallo and Lavé 2014) but also on
the local geological situation and on-site investigations and ideally leads to mea-
sures of landslide stabilization (Thapa 2018).

3 Damage Related to the Gorkha Earthquake—
Prevention, Restoration

Nepal’s population of approximately 28 million is unevenly distributed. The
Kathmandu valley and some regions in Terai show the highest population density,
the mountainous regions the lowest one (Nepal Central Bureau of Statistics 2017).
In the mountains, however, the space for settlement is scarce and settlements are
endangered specifically by slope instabilities. Not least for that reason and despite
the low population density, the Gorkha 2015 earthquake led to a high death toll and
large property damage in the mountainous regions (Hashash et al. 2015), although
Kathmandu and the Kathmandu valley with their high population density were also
strongly affected (Thapa 2018).

In the mountain regions, in addition to the ‘normal’ mass movements—mostly
caused by monsoon rain (Dahal et al. 2009), the earthquake triggered thousands of
additional rock falls, landslides and debris avalanches (Thapa 2018), which led to
destruction of entire villages (Collins and Jibson 2015; Hashash et al. 2015; Kargel
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et al. 2016; Lacroix 2016). On the other hand, the simple architecture of houses,
such as blocks of stone piled one upon the other with simple wooden connections,
was not resistant against the horizontal movements during the earthquake, although
historical architecture gave rise to earthquake-proof house constructions (Gautam
et al. 2016; Puri and Suvedi 2018).

In the Kathmandu valley, mostly underground and location influenced the dis-
tribution of damage (Dahal 2015; Hashash et al. 2015). Lacustrine sediments
intensified the ground motion leading to increased destruction of houses as well as
to tilting and, therefore, damage of houses, due to land subsidence as a result of
liquefaction (Fig. 1). In addition, buildings on crests suffered higher damage
compared to those at lower levels, as also reported from other earthquake regions
worldwide (Geli et al. 1988). Even though these relationships are well known, not
much attention was paid to them during settlement of the Kathmandu valley. The
quadruplication of the population in Kathmandu within 30 years from ca. 422,000
to ca. 1,744,000 (Nepal Central Bureau of Statistics 2017) and the accompanying
pressure of settlement hampered an ordered structure of settlement or even rendered
it impossible. In satellite images as well as during approach to the Tribhuvan
Airport, this lack of settlement structure is spectacularly visible.

The general assessment of earthquake risk is a fundamental task to be performed
in seismic regions. Hazard maps represent the fundament of such assessments.
However, often they do not describe the reality of later earthquakes (Newman et al.
2001; Stein et al. 2012) and in the case of Nepal different maps show clearly

Fig. 1 Tilting and
subsidence caused by the
Gorkha 2015 earthquake;
four-story building in
Lokanthali, south of
Tribhuvan Airport,
Kathmandu, Nepal. The white
arrows indicate the tilting and
subsidence path of the left
building. Photo JH Kruhl (2
May 2015)
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different risk for different parts of the country (Stein et al. 2018). Therefore, Stein
et al. (2018) suggest, that a simplification of such maps could lead to an opti-
mization, a treatment of Nepal’s hazard as uniform, and to a better risk prediction.

Furthermore, the estimation of earthquake risk should include various factors,
ranging from the general seismic situation, the occurrence of historic and pre-historic
earthquakes, the regional geology, the condition of the underground, the architecture
of buildings, up to the general infrastructure and to the preparedness of politics,
administration and population. Even the total costs of earthquakes to society should
be kept in mind, which depend on the mitigation costs and the expected loss (Stein
and Stein 2012, 2013). Finally, it is always worthwhile to look at other earthquake
regions and how in these regions earthquakes and their impacts are handled and how
provisions against earthquakes are made. This includes the establishment and/or
improvement of seismic monitoring systems, revision of building codes, as well as
the establishment of a ‘prevention culture’ through educational programs (Andrews
2001; Arciniega-Ceballos et al. 2018; Shibayama et al. 2012).

However, it is not enough to perform such ‘technical’ or ‘administrative’measures
once. Continuous information and training is needed to keep up the people’s
awareness of living in a country with high natural risk. This is specifically important
with respect to earthquakes which typically occur in intervals larger than human life
and, therefore, can drop out of the people’s treasure of experience. Even though the
ground is shaking more or less continuously in all parts of Nepal as shown by the
earthquake map of the US Geological Survey (USGS 2017b), these quakes with
magnitudes of mostly less than 4.5Mw cannot be sensed in most parts of the country.

Furthermore, it should kept in mind that disaster risk reduction is also negatively
influenced by poverty, corruption and bad governance. “Most of the today’s defi-
ciencies in DRR [disaster risk reduction] are not due to a lack of science but are due
to a lack in governance and political will for rigorous implementation. …For…a
risk reduction approach, it is not only mandatory to reduce the direct risks of natural
and man-made disasters, risks having their roots in poverty, corruption and bad
governance are equally important factors in need for sustainable management”
(Global Risk Forum Davos 2014). Measures for disaster risk reduction, specifically
building codes, have to be not only decided but also implemented and adopted. In
Nepal, this was and still is not the case, also because of the rapid growth of cities
accompanied by a largely uncontrolled building activity (Ahorn et al. 2015).
Modern seismic building codes do not consider actual building practice properly (as
they should) and lack information on many seismically robust construction con-
cepts that were developed during the last two decades: concepts that combine
earthquake-robustness with superior economy (Dorka 2018).

Earthquakes do not kill but the settlement in threatened regions and inadequate
ways of construction lead to loss of lives. Again during the Gorkha 2015 earth-
quake, proof of this simple truth was given. Most of the collapsed or partly
destroyed buildings were badly constructed. Mainly buildings with brick masonry
but without reinforcement did not resist the ground motions during the earthquake
(Fig. 2), just as little as the buildings in the mountain villages constructed with
stone masonry (Fig. 3) (Guragain et al. 2018; Hashash et al. 2015). In the past,
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Fig. 2 Collapsed front section of a house built completely of bricks without further enforcement;
Jamal, Kathmandu, Nepal. Photo JH Kruhl (26 April 2015)

Fig. 3 Collapsed house built of stone masonry; village east of Melamchi, Melamchi valley,
northeast of Kathmandu, Nepal. Photo JH Kruhl (1 May 2015)

Earthquakes as Events of Inter- and Intra-disciplinary … 7



buildings in traditional architecture resisted earthquakes in a much better way. If
they were damaged during the Gorkha earthquake this partly resulted from long-
standing lack of maintenance or insufficient knowledge how such construction
should be maintained. This not only applied to historical buildings that were
quickly rebuilt and by saving high-quality (and hence expensive) material (Manhart
2018). It has been shown, however, that traditional houses can be restored or new
houses can be built with better earthquake resistance (Puri and Suvedi 2018).

The situation with respect to earthquakes and related hazards in Nepal can be
summarized as follows.

The 2015Ghorka earthquake demonstrated again that Nepal is vulnerable to the
effects of earthquakes. Although shaking in Kathmandu was not as strong as
during the 1934 event, additional hazards triggered by the earthquake, in par-
ticular land slides, caused substantial damage to infrastructure and are
responsible for themajority of lives lost. Some soil liquefactionwas observed in
the Kathmandu valley. Post-quake fires did not play an important role this time.

Ground shaking
The major Himalayan subduction zone beneath Nepal Himalaya is capable

of creating very strong ground shaking. Extremely large events (Mw � = 9.0?)
seem possible. Magnitudes around Mw = 8 are likely. There is not enough
knowledge to estimate the location, time when, where and magnitude of the
next event. However, seismic gaps exist in the western Nepal Himalaya for
more than 500 years. What is certain though, is the fact that an earthquake
stronger than 2015s will hit Nepal. Therefore, earthquake preparedness for a
large event is very essential to protect lives and property especially in the
Kathmandu valley. Preparing for a large event is therefore essential.

Land slides
This earthquake did not trigger a lot of landslides in the Kathmandu valley.

However, large-scale landslides, like the one in the Langtang valley, are very
likely to occur again, especially if a large earthquake occurs during the
monsoon season. Identifying possible locations especially in the vicinity of
near settlements is therefore very important. Proper ground investigation
including landslide, subsidence and bank failure should be carried out before
remedial measures are taken, e.g. slope stabilization or site selection for
resettlement. Remedial measures for such locations can be slope stabilization
or in extreme cases, resettlement.

Soil liquefaction
The Gorkha earthquake did not liquefy the soil of Kathmandu valley

because ground motion was comparatively small and groundwater level low.
However, during monsoon, a situation is created where widespread lique-
faction must be expected. Such areas should be identified. Reducing this
hazard with technological means has proven to be extremely costly.
Resettlement, like in the case of Christchurch, New Zealand, appears to be the
most reasonable approach today.
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Post-quake fires
In densely populated quarters of Kathmandu, post-quake fires are likely to

occur. During a field visit to the historic quarters, it was noted that the fire
fighting equipment is stored in an already damaged historic building. There is
a clear and present danger that this structure would collapses even under even
moderate shaking. This will render most of the equipment stored there
unusable. Preventing the spread of fires, and as a result, leading to a large
conflagration in the historic quarters of Kathmandu, will be severely curtailed
by the loss of said equipment.

Based on a panel discussion at the Humboldt Kolleg “Living under Threat
of Earthquake – Short- and long-term management of earthquake risk and
damage prevention in Nepal”, Kathmandu, February 2016, attended by Lok
Bijaya Adhikari – Head of National Seismological Center, Department of
Mines and Geology, Lainchaur, Kathmandu, Nepal; Jahangir Alam – Vice
Chancellor, Chittagong University of Engineering and Technology (CUET),
Bangladesh; Zeynep Gunay – Istanbul Technical University, Istanbul,
Turkey; Luigi Petti – Department of Civil Engineering, University of Salerno,
Italy; Seth A. Stein – Department of Earth and Planetary Sciences,
Northwestern University, Evanston, IL, USA; Ramesh Guragain – Deputy
Executive Director, National Society for Earthquake Technology-Nepal
(NSET), Kathmandu, Nepal.

Prepared and edited by: Uwe E. Dorka, Seth Stein, Basanta R. Adhikari.

Based on this, effective actions for an earthquake-safe built environment in
Nepal should be taken as follows.

The key to a substantial seismic risk reduction in Nepal is reducing the
vulnerabilities of structures: “Earthquakes don’t kill—structures do!” To this
end, the following actions have proven to be effective in other earthquake
prone regions:

• Create public awareness by performing level 1 seismic vulnerability
assessment (“walk throughmethod”) and publish the results in publicmedia.
The results will not be very accurate because a realistic damage database is
missing for Nepal. But it will create a database of all building typologies in
Nepal and raise awareness,which is currentlymore important than accuracy.

• At the same time, substantially improve the robustness and economy of
structures. These require phasing out RCF (reinforced concrete frame with
masonry infill) and substitute it with more robust and more economical
structural concepts. Although RCF is currently the dominant structural
system, it lacks robustness and is not suitable for the construction envi-
ronment in Nepal. It is also less economical than e.g. reinforced masonry
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and systems that control the maximum forces in a structure (Hyde System,
Base Isolation and Tendon System: see proceedings). Re-vitalize tradi-
tional earthquake resistant concepts (e.g. horizontal tie system, innovative
materials) for low-rise non-engineered structures.

• Validate these technologies for Nepal through shaking table tests and
demonstrate them in ongoing building projects. Disseminate through
public media (TV, radio, internet, booklets for owners etc.).

• Provide guidelines for “Good Practice” and train local contractors, masons
and their workforce in these technologies.

• Before final repair or reconstruction of important cultural heritage struc-
tures, their seismic performance must be duly understood. Otherwise, it
may create serious additional hazards to the building (this has happened in
the past). Numerical simulation methods are not yet capable of providing
this understanding. Therefore comprehensive testing campaigns (shaking
table tests, component tests, hybrid simulations) must be performed before
any intervention or reconstruction takes place.

• Seismic monitoring systems should be installed after repair or recon-
struction and in structures that have performed well in order to obtain
seismic performance data and monitor structural health over time.

• An international scientific committee should be set up to review and
monitor all plans and actions aimed at historic structures.
It is already recognized that a large number of structures in Kathmandu is
vulnerable and their retrofitting is economically not feasible. Urban
renewal is an ongoing process and can be utilized in ways that will not
only enhance the seismic resilience of this city, but also act as a potent
economic motor and improve the overall quality of life in Kathmandu. To
this end, the following actions can improve the situation substantially:

• Typical city wards can be selected (historic quarter, un-checked urban
sprawl site) to analyze and demonstrate the need, the potential, the limi-
tations and risks for urban renewal.

• The involvement of the local community in all phases of the renewal process
is essential in order to preserve the social fabric and local community life.

• Existing financing instruments work well for middle- and high-income
quarters, but in the case of historic and low-income sites, donor involvement
is highly recommended to avoid excessive economization, which has proven
to be socially disruptive and hazardous to the historic fabric (see Istanbul).

Based on a panel discussion at the Humboldt Kolleg “Living under Threat of
Earthquake – Short- and long-term management of earthquake risk and
damage prevention in Nepal”, Kathmandu, February 2016, attended by Lok
Bijaya Adhikari – Head of National Seismological Center, Department of
Mines and Geology, Lainchaur, Kathmandu, Nepal; Jahangir Alam – Vice
Chancellor, Chittagong University of Engineering and Technology (CUET),
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Bangladesh; Zeynep Gunay – Istanbul Technical University, Istanbul, Turkey;
Luigi Petti – Department of Civil Engineering, University of Salerno, Italy;
Seth A. Stein – Department of Earth and Planetary Sciences, Northwestern
University, Evanston, IL, USA; Ramesh Guragain – Deputy Executive
Director, National Society for Earthquake Technology-Nepal (NSET),
Kathmandu, Nepal.
Prepared and edited by: Uwe E. Dorka, Basanta R. Adhikari, Lugi Petti,
Zeynep Gunay.

4 Disaster Management and Economics

The implications of earthquakes reach far beyond the loss of lives and the
destruction of buildings. In most cases, most types of infrastructure are strongly
afflicted if not completely destroyed, with long-ranging effects for many parts of
society. The Gorkha 2015 earthquake destroyed roughly 35,000 classrooms, leav-
ing nearly 1 million students (from a total of 9.1 million school-age children in the
country) without school (Daily Mail 2016; KTM Post 2016). The destruction of
industrial facilities led to the destruction of work places and trade infrastructures
and to reduced economic demands. Moreover, numerous local markets were
destroyed or their functions were affected, leading to difficulties in food distribution
as well as to price increases (Joshi and Joshi 2018).

The destruction of 956 hospitals and clinics (Daily Mail 2016) affected the
medical care mainly in remote mountain regions and will have effects on medical
care far in the future. In addition, the earthquake revealed the necessity to
strengthen medical and rescue services mostly in rural areas. This requires an
increased training of local medical personnel, which cannot be achieved solely by
Nepal. International coordinated aid capable of quick assistance needs to be
established for future (inevitable) catastrophes. Even if in case of disaster imme-
diate aid is most necessary, in the medium term “… prioritization should be given
to facilitating training and simulation exercises at all health care levels” (Brodmann
Maeder and Pun 2018).

After the Gorkha 2015 earthquake the number of foreign tourists dramatically
dropped (Government of Nepal 2015), probably for fear of further quakes as well as
caused by at least ambiguous reports of international media about destruction of the
world cultural heritage in large parts (BBC 2015; CNN 2015). This shows that
post-earthquake reconstruction must not concentrate solely on physical damage. In
addition to it, the lost feeling of security has to be re-established, with respect to
local people as well as to foreign visitors. This is particularly a psychological task
because the feeling of security often does not correlate with the real threat (Blinkert
2010; Breezke and Pearson 2014) and the feeling of threat can only rarely be
eradicated by ‘reassuring’ numbers.
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The decline of tourism after the Gorkha earthquake caused considerable eco-
nomic difficulties in Nepal. Tourism covers ca. 9% of GDP, represents a significant
economic factor, and forms the basis for a large number of jobs (WTTC 2015).
Specifically in a country with limited natural resources, tourism is of great
importance, the more because it could be expanded in many parts of the country
(Sharma 2012). Therefore, measures should be included in the reconstruction of the
country, which improve tourism and develop new aspects of tourism (Bhatt 2006;
Hagen 1998; Kruhl 2018).

The Gorkha 2015 earthquake destroyed or damaged several temples and his-
torical monuments of world heritage in Kathmandu, Patan and Bhaktapur (Manhart
2018; UNESCO 2016). Specifically the temples in the Kathmandu valley represent
indispensable sites of religious life. Their destruction directly affected the daily
religious worship of the population. Although many provisional arrangements
provided remedy (Fig. 4), the reconstruction of temples and other religious sites
represents an important aspect of the general reconstruction measures, to which
high priority should be given.

Although immediately after the earthquake many necessary physical safe-
guarding measures were initiated (Manhart 2018), reconstruction of historical
buildings was slow particularly during the first year. This was mainly caused by
lack of material, the border blockade to India during winter 2015/2016, awkward
bureaucratic processes, and the fact that heritage restoration needs long-standing
preparations (Manhart 2018).

The problems, based on lack of material and design, are intensified by lack of
qualified craftsmanship (Joshi and Joshi 2018). Even in the medium term, such
deficiency cannot be eliminated by high allowances in money of other countries or
aid agencies. The few attempts to reduce the lack of specialists in restoration of
historical buildings (EcoHimal 2017; Rabindra Puri Foundation for Conservation
2017) are not more than a drop in the bucket.

Fig. 4 Basis of destroyed Chaar Narayan Temple at Patan Durbar Square with provisional tent
construction. Photo JH Kruhl (15 May 2016)
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However, economic loss implies the chance of a fresh start that avoids old
mistakes and represents comprehensive and resilient rebuilding in all fields of
economy and society (Joshi and Joshi 2018). Obviously, it is important to avoid
disaster-related risks and to ‘build back better’. But particularly, disaster pre-
paredness should be increased and the people’s awareness of specific and contin-
uous risks needs to be raised. “Education on hazards and risk reduction should be
provided mandatorily from pre-school to university level. These education activities
should support children and students obtaining capabilities to increase their own
resilience to disasters, and to support their schoolmates, relatives and neighbors.
Both teaching staff and students should be involved in regular drilling exercises”
(Global Risk Forum Davos 2014). This requires a continuous dialogue between
politics, administration, public organizations and the people. Considering that, a
well installed and established democratic system is a precondition.

Beyond the consequences for tourism and religious life, the destruction of
temples and other historical buildings affects the social-economic conditions and
the cultural identity of the country. Therefore, appropriate reconstruction modes are
needed. These include a “place-specific approach to conservation”, which is related
to the particular culture, the urban context, and traditional materials (Petti et al.
2018). Such type of conservation would be rooted in the culture and tradition of the
specific country. A reconstruction that follows a cultural pattern appears perfectly
acceptable in the frame of Nepalese tradition, although such approach would not be
acceptable to a ‘western’ viewpoint (Petti et al. 2018). In addition, the Nepalese
discourse about heritage and its conservation and reconstruction is more related to
continuity than to authenticity. This implies the acceptance of change and renewal
against the conventional heritage preservation and should be considered when
reconstructing the world cultural heritage buildings in the Kathmandu valley
(Gunay 2018).

With respect to rescue operations, preparedness and economy, the situation of
Nepal after the Gorkha 2015 earthquake can be summarized and suggestions for
future actions can be made as follows.

Following the April 2015 earthquake disaster, Nepal had to go through plenty
of painful consequences. A large part of the population in the middle hills
districts was suddenly subjected to big physical and psychological stress. In
the long term, this will influence the country’s economy. A wide spectrum of
the society (governmental and non-governmental organizations, civic society,
entrepreneurs, media people and individuals) became aware of the high risk, at
which Nepal is naturally placed. In addition, the significance of disaster
management preparedness became clear. Although the earthquake negatively
influenced the country’s economy, it opened the opportunity to create sus-
tainable economic developments through proper education and training,
media-based mass awareness, and coordinated actions in different parts of the
society (including social workers, engineers, psychologists and educationists).
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Disaster situation assessment

• The condition right after the earthquake was very severe and full of havoc.
Immediate response of Nepalese security forces and international orga-
nizations provided a great deal of rescue operations and helps. The gov-
ernment of Nepal was not well prepared for such an unprecedented huge
disaster. The government actions were too slow in the beginning. It took a
few weeks to resume the necessary rapid actions.

• The situation of unequal distribution of relief materials prevailed due to
geographical inaccessibility of many affected regions. To avoid resource
duplication in accessible areas and assure relief materials to all affected
areas the government implemented the one-door entry of the relief
materials arranged by international organizations.

• Looking at the vulnerability of children and women in the badly hit areas
for being exploited in different ways, the Nepal government took quite
rapid measures to insure their safety. Despite these efforts, there were
rumors of trafficking of children and women in the name of providing
them shelter, foods and jobs.

Rescue operations in cities and high risk regions

• People started digging out injured people and victims immediately after
the earthquake, with the help of the Nepalese army and later also with
international relief workers.

• The strong social bond among Nepalese citizens, irrespective of any sort
of diversities, and that between international volunteers and Nepalese
populations helped a lot for the rescue and recovery actions. The warm
relation among the people is the treasure of the country and needs
promotion.

• The proper channelization of the rescue and relief operations was made
difficult due to limitations such as lack of infrastructure, like roads or
airports, and experience.

Overall preparedness

• There was almost no preparedness for the disaster—no proper training to the
concerned volunteers and local administrative bodies, no coordinated
government-NGOs-experts efforts to cope with such natural calamities, no
arrangement of reserves offood,medicines and clothes for disaster situation.

• Inadequate attention towards preparedness was reflected also in the for-
mation of the National Reconstruction Authority (NRA). The NRA is
working in a snail pace even today. It is worth to have a proper monitoring
mechanism of the NRA—comprising the credible experts and individuals
engaged in real problems.

• A national plan for disaster management is necessary for future pre-
paredness. Development of building codes suitable for Nepalese building

14 J.H. Kruhl et al.



practice, and their enforcement should be given utmost priority. The
government should develop a proper mechanism to ensure that there is no
abuse of authority.

Economic consequences/suggestions

• There is a chance to change the crisis situation into an opportunity—to
construct more sustainable infrastructures, using more local resources and
traditional technologies and giving a more sustainable framework to the
country’s economic growth.

• Proper education, training and awareness are important elements. Proper
training for all involved in the building process to erect safer buildings, in
particular for masons, is a prime necessity.

• Strong political will and good governance are key issues to be considered,
in order to tackle the disaster situation and to rebuild economy in sus-
tainable way. Only good governance can help ensuring societal harmony
and peace during situations of crisis. The non-governmental organizations
and cooperatives should be encouraged to work in coherence with the
existing regulations and social norms to avoid any kind of disturbances.

Based on a panel discussion at the Humboldt Kolleg “Living under Threat of
Earthquake – Short- and long-term management of earthquake risk and
damage prevention in Nepal”, Kathmandu, February 2016, attended by
Monika Brodmann Mäder – Department of Emergency Medicine, University
Hospital Bern, Switzerland; Pramod Dhakal – Chair, NRNA Open University
Task Force, Nepal; Ganesh Raj Joshi – Commissioner, Commission for the
Investigation of Abuse of Authority (CIAA), Nepal; Jiba Raj Pokharel – Vice
Chancellor, Nepal Academy of Science and Technology (NAST), Khumaltar,
Lalitpur, Nepal.

Prepared and edited by Rameshwar Adhikari and Jyoti Giri – Central
Department of Chemistry, Tribhuvan University, Kathmandu, Nepal.

5 Living with Earthquake Risk

During reconstruction of those regions of Nepal, affected by the Gorkha 2015
earthquake, underprivileged groups of the population need to be considered in par-
ticular (NDRI 2017). These groups, underprivileged already prior to the earthquake,
based on gender, ethnicity or caste (Karki and Bohara 2014), strongly suffered from
the impacts of earthquake. In Nepal, women are discriminated in many areas of public
and private life (Ghale 2012) and their situation during and after catastrophes has to be
regarded as specifically critical. Their rights should be strengthened. Moreover, it
appears important that women participate in the processes of disaster risk reduction,
disaster preparedness, and disaster recovery (Fothergill and Squier 2018).
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Disaster preparedness includes fields that are usually not in the focus of interest,
e.g., evacuation logistics in case of catastrophe (Bretschneider and Kimms 2012;
Dhamala 2015; Goerigk et al. 2014) or supply of emergency items in the case of
disaster (Lin et al. 2011). It is specifically important to develop risk management
models on prevention, preparedness, response and recovery, with focus on evac-
uation planning and relief distribution (Dhamala et al. 2018). Such modelling is
useful because the processes of risk management are mostly complex and, there-
fore, cannot be comprehended by simple strategies. However, such complex,
mathematically profound strategies not only need to be developed but also tested
and finally implemented, so that they are available in case of emergency.

Women and children belong to those who are most vulnerable in disaster situ-
ations (Maharjan and Paudyal 2016) and need special protection. Their influence on
politics and their economic resources are low and they are more strongly exposed to
violence (Fothergill and Squier 2018).

Prior to the Gorkha 2015 earthquake, the economic and social situation of
children was already critical, not least because of the more than two decades lasting
political and social conflicts, which led to high violence (Jha 2014). This critical
situation was intensified by the earthquake. It can be well understood as part of
disaster preparedness to provide better living conditions to children and take care of
their mental health. In Nepal, few independent organizations successfully look after
education and health care of children, in order to improve their economic situation
and reduce emotional stress (EcoHimal Academy 2017; Paudel 2018; Plan
International 2016; TPO Nepal 2017). In addition, governmental-supported, larger
programs for general mental health care would be necessary. It remains to be seen if
individual project approaches are successful in future (Jordans et al. 2015;
Upadhaya et al. 2014).

Resilience towards catastrophes can also be created through a system of vol-
unteering and a feeling of solidarity and can be increased by establishing a system
of good governance, which reaches down to local levels (Rahaman 2018).
Helpfulness and support within the population immediately after the Gorkha
earthquake show that a basis for creating stronger resilience towards catastrophes is
definitely present in Nepal (Brodmann Maeder and Pun 2018).

Generally, the necessity of resilience in society as a whole represents a strong
argument for decentralization of Nepal on political, economic and social levels,
which has been claimed emphatically (Hagen and Dixit 1998; Hagen 2012); since
in the first instance resilience is created on a local level. Moreover, measures of
reconstruction and future disaster preparedness are located best on local levels
(Joshi and Joshi 2018). Mainly education in disaster preparedness is needed and
should be clearly intensified (Tuladhar et al. 2015).

In addition to resilience and disaster preparedness created by the people through
solidarity and support, politics should generate suitable boundary conditions for
catastrophe resilience on regional and state level. As a consequence of the 1988
earthquake, a national policy framework for Disaster Risk Reduction and a
country-wide building code were developed (Schneider and Witting 2018).
However, implementation of disaster preparedness measures hanged heavily over
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many years. On the one hand, this is related to the fact that Nepal is one of the poorest
countries worldwide and struggles with many types of catastrophes. On the other
hand, implementation was hampered by the radical social and political changes and
the instability of the last decades (Jha 2014), which blocked initiatives on all levels.

Independently of the question if society and government are able to install
precaution measures, many impacts of an earthquake can be regarded as
‘unavoidable’. It appears appropriate to take such impacts as reason and occasion
for a redistribution of resources and for ‘distributive justice’. It is a reasonable way
of justice to balance the burden a society has to carry due to an earthquake (Meyer
and Roser 2010; Meyer and Stelzer 2018).

This leads to the question how a country’s legislation or the entire legal system
should be geared to large-scale and pervasive catastrophes. For mitigating disaster
effects, ‘environmental’ and ‘earth justice’ have been suggested, which center
around equality and ensure “fair treatment and some degree of protection” (Bhattarai
2018). With respect to disaster resilience of a society, it appears necessary specifi-
cally in countries with fragile political systems to establish a justice system that is
oriented towards a fair sharing of burden and protection of underprivileged and,
moreover, is stable enough to enforce the observance of these principles.

The situation of Nepal after the Gorkha 2015 earthquake, specifically in relation
to the country’s constitution, the legal system and the role of the state, can be
summarized as follows.

• Nepal can be proud of its new constitution. However, it has to be
implemented and a ‘democratic setup’ is needed, as well as improvement
in the field of rule of law. The Constitution of Nepal has unveiled an
inclusive system, which needs to be implemented in practice. Inclusivity
needs to be supported by vertical mode, i.e. federalism, and horizontal
mode, i.e. a multi-party structure. The system should be self-regulatory.

• The new constitution also puts in place a federal system. It needs to be
built from bottom to top; so the local level should be involved in the
process as soon as possible. Unless self-rule and shared rule in the form of
true federalism is established, risks of fragmentation of the country may
surface. From this perspective farsightedness and more leadership is
needed. Social super-groups currently bargain with the state.

• Accountability and transparency of all sectors have to be supported. This
requires a strong judiciary—one, which is functional and one, which people
can trust. Media and civil societies are just as necessary to ensure that the
development efforts by the responsible bodies do not go unchecked.

• The Gorkha earthquake hit the country at time of enormous political
transition. It brought to light the current status regarding the physical, social
and economic conditions of the country. Disaster has stripped away the veil
of the society. In general, the role of the state is important. However, the
reconstruction approaches and efforts from the central government of Nepal
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have been inadequate. Although the Constitution of Nepal declares rights of
shelter and safe settlements as basic rights, the reality is different.

• The role of the state should be that of facilitating the processes of
reconstruction and development by empowering the local bodies and
communities and community-led grass-root approaches. Decentralization
leading to empowerment of local administration is necessary along with
concerted efforts from NGOs and INGOs. Earthquake preparedness has to
be carried out in a scientific way with research conducted on various
reconstruction issues. More earthquake-safer settlements are needed.

• The post-earthquake ‘window of opportunity’: It can mean doing as much
as we can to prevent disaster risks. It also means developing safer and
integrated settlements. It refers to fostering agents of change—‘agents of
change’ being the youth dividend of the country who will, indeed, bring
prosperity to the nation. Social nets have to be put in place, which helps
smaller and vulnerable community-led grass-roots initiatives to overcome
financial hurdles during the aftermath of a disaster. While ‘window of
opportunity’ means implementation of constitutional laws, policies and
impending bills, it also refers to giving an opportunity to planners and
policy-makers to create safe, resilient and inclusive communities. Finally,
‘window of opportunity’ means transfer of knowledge and sharing lessons
learnt through conferences like this one.

Based on a panel discussion at the Humboldt Kolleg “Living under Threat of
Earthquake – Short- and long-term management of earthquake risk and
damage prevention in Nepal”, Kathmandu, February 2016, attended by
Ananda Mohan Bhattarai – Chief Judge, Court of Appeal Nepal, Patan, now:
Supreme Court of Nepal, Kathmandu, Nepal; Alice Fothergill –Department of
Sociology, University of Vermont, USA; Matthias Meyer – Ambassador of the
Federal Republic of Germany to the Federal Democratic Republic of Nepal,
Kathmandu, Nepal; Ganesh Shah – former Minister for Science and
Technology, Nepal; Inge Patsch – Volkshochschule (VHS), Bhaktapur, Nepal;
Volker Schneider – Dean of Politics, Law and Economics Faculty, Universität
Konstanz, Germany.
Prepared and edited by Barsha Chitrakar and Jörn H. Kruhl.

6 Conclusion and Perspectives

Independently of their causes, earthquakes are catastrophes that affect all parts of a
society: the infrastructure of buildings, transport and communication; supply with
goods; medical care; administrative and political structures; and not least the sit-
uation of generally underprivileged and vulnerable parts of the population, the
social cohesian of the society and the society’s feeling of security and a worth living
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future. Therefore, not only the consequences of earthquakes have to be examined
integratively but also all precautionary measures for damage minimization. Such
precaution cannot be solely related to earthquake-safer building and settlements,
earthquake-safer restoration of damaged, above all culturally important buildings,
and technical and medical aid in times of disaster. It should also comprise the
design of political and administrative structures and the preparation of society in
relation to possible large catastrophes.

It is important to be sensible of the connections between these aspects that
appear strongly different at first sight. The view of the geoscientist to the social
aspects, the engineer’s understanding of the economic situation of the country, the
physician’s openness towards political contexts and administrative structures and,
not least, the discussion between the different disciplines—all this is important. It is
important for connecting the different specialist disciplines and supporting inte-
grative approaches that are necessary for rebuilding and restructuring as well as for
precaution for the next catastrophe. Only an integrating view and the combination
of different activities will ensure a continuous resilience of the country and its
population towards catastrophes.

Earthquakes, like other types of larger natural catastrophes, are always events
with multi-facetted effects on all parts of a society and a country. Therefore, they
should be looked at and studied from an inter- and intra-disciplinary viewpoint.
This is specifically important with respect to the future approach of a society
towards recurrent catastrophes. ‘Disaster preparedness’ has to be the central topic—
preparedness of the society on all levels of technical and medical precaution,
administration, politics and not least with respect to culture and social structure.

Nepal is amongst the poorest countries on Earth. However, the Gorkha 2015
earthquake—in spite of the huge difficulties to heal up its impacts—entails the
chance of improving administrative and political structures and gaining realignment
in all parts of state and society. Reconstruction should be oriented not only towards
‘building back better’ houses but also towards ‘building back better’ political,
administrative and social structures.

The previous process of discussion after the earthquake in Nepal about the
numerous problems of one’s own making stirs up hope. These discussions are open
and vivid in all parts of society and include the future orientation of the country. If
the earthquake is considered as ‘wake-up call’, despite all the damage it can have
positive effects into the future.
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Earthquakes and Related Hazards



Should All of Nepal Be Treated as Having
the Same Earthquake Hazard?

Seth Stein, Edward M. Brooks, Bruce D. Spencer and Mian Liu

Abstract Current earthquake hazard maps for Nepal predict substantial variations
in hazard within the nation, with noticeable differences between maps. We thus
suggest that given present knowledge, all of Nepal may be better regarded as
equally hazardous and perhaps vulnerable to much larger earthquakes than those
currently known because of their long recurrence times. This proposal is based on
the limitations of the historical earthquake record, the recognized deficit in seismic
moment release, and GPS data showing a similar level of coupling along the arc.
Support for using smoother maps can be had from analysis for Japan, which is also
located on and parallel to a subduction boundary, showing that in some ways the
hazard maps may be overparameterized, in that including too high a level of detail
may lower the maps’ ability to predict shaking. Treating Nepal’s hazard as uniform
and developing mitigation strategies accordingly may help reduce damage in future
earthquakes.
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1 Introduction

In February 2016, the Alexander von Humboldt Foundation organized a conference
in Kathmandu on the topic of “Living under the threat of earthquakes: Short- and
long-term management of earthquake risk and damage prevention in Nepal.” The
conference sought to explore “future ways of perceiving risk, prevention of dam-
age, and disaster management in all parts of society, administration, and politics in
Nepal.”

Like many nations seriously threatened by earthquakes, Nepal is a developing
nation in a seismically active plate boundary zone. It faces a major seismic hazard
with severely limited resources available to mitigate it.

The steady subduction of the Indian plate beneath Eurasia has raised the
Himalayas, Nepal’s primary asset. However, the subduction gives rise to major
earthquakes. The conference occurred almost a year after the April 2015 Mw 7.8
Ghorka earthquake caused nearly 9000 deaths and damaged many buildings,
including about 500,000 residences, temples and palaces forming part of a
UNESCO World Heritage site, schools, and many public facilities. Damage is
estimated at about 1/3 of Nepal’s GDP (Government of Nepal 2015). This enor-
mous impact reflected the fact that Nepal is one of the poorest nations in Asia, with
per capita GDP of about $750—derived largely from tourism, agriculture, and
remittances from Nepalese working in other countries.

Based on studies prior to and after the Ghorka earthquake (Bilham et al. 2001;
Bilham and Ambraseys 2005; Ader et al. 2012; Martin et al. 2015; Hayes et al.
2015), the 2015 earthquake was much smaller and caused much less intense
shaking than larger earthquakes that occurred in the past and are expected to occur
in the future. Hence existing earthquake hazard maps used to develop construction
codes may substantially underestimate the future hazard. Moreover, much of the
damage and deaths in 2015 reflected poorly constructed buildings, and similar
buildings will perform even more poorly in future larger earthquakes (Goda et al.
2015).

Current earthquake hazard maps for Nepal predict substantial variations in
hazard within the nation, with noticeable differences between maps, indicating
substantial uncertainty in hazard estimates. This is not surprising given the limi-
tations of the historical record in Nepal and the lack of knowledge of how strain
from plate convergence is released in earthquakes. This paper explores the question
of whether, given these uncertainties, all of the nation might be better regarded as
equally hazardous and perhaps vulnerable to much larger earthquakes than those
currently known, with long recurrence times. The paper is not a comprehensive
review of data and previous work for Nepal, but merely notes some issues and
suggests an approach that we think is worth considering.
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2 Current Hazard Maps

Figure 1 shows three hazard maps for Nepal, all of which predict the shaking
expected with 10% probability of being exceeded during 50 years, or on average
once in 475 years. The predicted hazard varies from west to east, along the sub-
duction zone.

The map predictions differ in both the level of detail and in some specifics. In
particular, the GSHAP (1999) and Ram and Guoxin (2013) maps both show the
center of the country, near 84°E longitude, the area of Pokhara, Nepal’s second
largest city, as having lower hazard than areas to the east and west. In contrast,
Chaulagain et al. (2015) show this area as having higher hazard than its
surroundings.

These differences reflect different choices among the many parameters required
to develop a hazard map. Hazard maps require a wide range of assumptions about
earthquake source locations, recurrence, and magnitudes, along with models of the
resulting ground motion. As has been observed elsewhere, different plausible
assumptions about key parameters yield quite different hazard maps (Newman et al.
2001).

Research is ongoing to address these issues. At present, however, given the
differences between maps, two approaches could be taken. One is to try to decide
which assumptions to prefer, and adopt the resulting map as preferable. Another is

Fig. 1 Three earthquake hazard maps for Nepal: a Ram and Guoxin (2013), b GSHAP (1999),
and c Chaulagain et al. (2015) that differ in both the level of detail and in some specifics
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to assume that key parameters are sufficiently uncertain that making a smoother
map, with less detail, may be more useful for predicting the future earthquake
hazard.

The second approach, which we explore here, is to assume that including too
high a level of detail to describe past or future earthquakes may lower hazard maps’
ability to predict future shaking. As we will see, there is considerable uncertainty in
Nepal’s earthquake history, and a good case can be made that earthquakes much
larger than those assumed in the map development may occur. Hence what is
known—or assumed to be known—from previous earthquakes may not completely
show what will happen in the future.

3 How Detailed Should Hazard Maps Be?

Because earthquake hazard maps are forecasts, we can get insight from other
forecasting applications. Forecasting something involves starting with a conceptual
model of the process, implementing it—usually on a computer—to produce a
forecast, and then comparing the forecast to what actually happens. Assessing how
well this works involves looking at both stages, via operations called verification
and validation. Verification asks how well the algorithm used to produce the
forecast implements the conceptual model (“have we built the model right?”).
Validation asks how well the model forecasts what actually occurs (“have we built
the right model?”).

Our focus here is on a validation issue: improved maps to forecast future
shaking. The classic resolution-stability tradeoff (Parker 1977) tells us that more
detailed a model is, the more sensitive it is to uncertainty, and thus the more likely it
is to perform worse when assumptions fail. Hence the challenge is to seek an
optimal level of detail.

This phenomenon arises in many applications and termed “overfitting” or
“overparameterization.” For example, given a set of observations at k distinct points
in time, one can perfectly fit them with a curve described by k parameters, such as a
polynomial of degree k − 1. However, a perfect fit to past data need not yield a
good forecast—a good fit to future data. Figure 2 shows an example of using a
model derived from past data to predict the future evolution of a function. A linear
model fits the past data and predicts the future reasonably well, and a quadratic does
both even better. However, an 8th order polynomial that fits the past data perfectly
does a poor job of predicting the future. The more detailed model seems like it
should be better because it matches the past so well, but imposing that level of
detail makes the forecast worse.

This situation is common in both geophysical and other forecasting applications.
Hence to forecast the future, the goal should be not to build the most detailed
model, but instead one that is robust or stable in the sense that small changes in the
uncertain model parameters do not dramatically change the model’s forecasts
(Parker 1977; Box 1979).
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In a hazard map application, one can think conceptually of the past data as
containing both a “signal” of a long-term pattern of seismicity and shaking, and
additional “noise”, where the latter includes both details of past events that will not
be repeated and errors due to inaccurate assumptions about what actually occurred.
The more detailed a model we make, the more it is influenced by the noise, and,
beyond some level of detail, the less likely it is to forecast the future well.

4 Hazard Map Uncertainties for Nepal

The limitations of available data pose limit how accurate an earthquake hazard map
can be (e.g., Stein et al. 2012; Stein and Friedrich 2014). For Nepal, at least three
issues are crucial:

(1) The locations and magnitudes of major past earthquakes are not well
known. Figure 3 (Hayes et al. 2015) compares three different scenarios for the
rupture length of major historical earthquakes from Kumar et al. (2006, 2010),
Mugnier et al. (2013), and Bollinger et al. (2004, 2014). Solid rectangles show
the overlap between scenarios, and dashes represent the disagreement between
them, which can be taken as a measure of the present uncertainty. In general
terms, longer ruptures would have corresponded to larger magnitudes, greater
slip, and longer duration and higher intensity of shaking. Similarly, longer

Fig. 2 Example of the effect of overparameterization on forecasting. A high order polynomial fits
past data better than linear or quadratic models, but this more detailed model predicts the future
worse than the simpler models (Brooks et al. 2016a)
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ruptures place more locations closer to the fault, and thus exposed to stronger
shaking. For example, the central area west of the 2015 earthquake rupture
would have been much more strongly shaken for some scenarios of the 1255
and 1505 earthquakes than for others. Thus the locations and magnitudes of
future large earthquakes—and the resulting shaking—are difficult to reliably
infer, even if future earthquakes were similar to past ones, which need not be
the case.

Fig. 3 Source region of the 2015 earthquake (black polygon, K Kathmandu) compared with
published scenarios for rupture in earlier major earthquakes (colored solid lines). The back-ground
image in shows population density. Solid lines show where estimated rupture areas for a given
earthquake overlap, dashes represent disagreement (Hayes et al. 2015)
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(2) A seismic moment deficit suggests that earthquakes much larger than
observed in the past few hundred years may occur. Bilham et al. (2001)
noted that the inferred seismic moment release over the past few hundred year
is substantially less than would be expected from the geodetically observed
convergence rate across the Himalayan front, suggesting a moment release
deficit that may be made up in future earthquakes larger than known to date
(Fig. 4). This view is supported by subsequent analyses (Bilham and
Ambraseys 2005; Ader et al. 2012; Stevens and Avouac 2016) and is being
explored by paleoseismic studies that are developing a much longer time series
and thus better estimates of long-term seismic slip rates (Kumar et al. 2006,
2010; Mugnier et al. 2013; Bollinger et al. 2014).

(3) GPS data for Nepal are consistent with future great earthquakes. These
data (Fig. 5) show no significant variation in coupling along the arc, defined as
the fraction of plate convergence accumulated as slip deficit. Though compiled
before the 2015 earthquake, the area that ruptured in that earthquake does not
show stronger coupling. In contrast, at oceanic subduction zones, GPS data
show variations in coupling, and stronger coupling often indicates the locations
of future large earthquakes (Moreno et al. 2010; Loveless and Meade 2011;
Protti et al. 2014). The difference in coupling patterns between Nepal and

Fig. 4 Estimated potential for slip in future earthquakes along the Himalaya. Red segments of
bars show the potential slip that accumulated since the last recorded great earthquake, or since
1800. The pink portions show possible additional slip permitted by the limited historic record
(Bilham et al. 2001)
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oceanic subduction zones could reflect a difference between continental and
oceanic subduction, or some aspect of the data and analysis. Alternatively, it
might indicate that the entire arc is strongly coupled and could rupture in an
earthquake or earthquakes much larger than observed to date, releasing the
accumulated moment deficit.

The possibility ofmuch larger earthquakes, whichwould rupture larger areas along
the subduction zone, favors treating the seismic hazard as uniform along the zone,
given our limited knowledge. This amounts to saying that because the entire country is
in a similar tectonic situation, the hazard might well be viewed as uniform.

5 Insights from Japan

Although the issues just discussed suggest that smoother—possibly uniform—
hazard maps may be better for Nepal, we presently lack a long enough record of
shaking observations to explore this possibility qualitatively. However, this pos-
sibility is also suggested by analyses we conducted for Japan, which is also located
on and parallel to a subduction boundary (Fig. 6). For Japan, we have the advantage
that a 510-year-long record has been compiled (Miyazawa and Mori 2009), giving
the largest known shaking on the Japan Meteorological Agency (JMA) instrumental
intensity scale at points within Japan from 1498 to 2007. Hence we compared these
observations to both the Japanese national hazard maps and smoother versions of
these maps (Brooks et al. 2016a, b).

Fig. 5 a Coupling fraction across Nepal, showing no significant variation along the arc, including
the area of the 2015 earthquake (Avouac et al. 2015) b Coupling along northern Japan prior to the
March 2011 Tohoku-oki earthquake (colors), and coseismic slip in this earthquake (contours). The
*400 km-long region estimated to have slipped � 4 m corresponds to an area of the subduction
zone interface that was coupled at � 30% of the plate convergence rate, with peak slip near a
region coupled � 80% (Loveless and Meade 2011)
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Fig. 6 Comparison of the geometry of Nepal and Japan, both of which are located on and parallel
to a subduction boundary, making models of uniform hazard within them worth considering
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6 Methodology

Our approach was based on similar issues in weather forecasting. Weather forecasts
are routinely evaluated to assess how well their predictions matched what actually
occurred. A key part of this assessment is adopting agreed metrics for “good”
forecasts, so forecasters can assess how well different forecasts performed. Over the
years, this process has improved forecasting methods and results, and yielded much
better assessment of uncertainties.

Figure 7 shows an example, comparing the predictions of two models for the
probability of rain at some place to the fraction of the time it actually rained. The
National Weather Service forecasts are pretty accurate. However, a local television
station’s forecasts are less accurate, because they predict rain more often than
actually occurs. Knowing how a forecast performs is useful: the better it has worked
to date, the more we factor it into our daily plans.

Fig. 7 Comparison of the
predicted probability of rain
to that actually observed in
National Weather Service and
a local television station’s
forecasts (Stein et al. 2015,
after Silver 2012)
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Similar analysis can be done for earthquake hazard maps, with two differences.
One is that rainstorms happen often, so the predicted and observed frequency of
rain at one place can be compared directly. However, large earthquakes are infre-
quent, so most places will not have experienced major shaking. To get around this,
we can compare the maximum observed shaking over years of observations at
many sites on the map to the predicted shaking at those sites (Ward 1995).

The second difference is that we can use several measures, or metrics, to assess
how well a map performed. This is because the predictions of most seismic hazard
maps are given in terms of probabilities. Maps are made for a return period of
T years, and the value shown at a point on a map is a level of shaking which, during
t years of observations, has a probability p of being exceeded once. T, t, and p are
related by p = 1 − exp(−t/T) (Field 2010). This equation (Fig. 8a) shows that a
map with a 475-year return period gives the level of shaking that should be
exceeded at 10% of the sites in 50 years and at 63% of the sites in 475 years. Plots
like Fig. 8b, c shows at which sites shaking exceeded the mapped value, which are
the ones above the 45° line along which the observed and predicted shaking are
equal.

The most direct way to assess how well a map is doing is using the fractional
exceedance metric M0 = |f − p|, where p is the predicted fraction of sites where
shaking is higher than the mapped value, and f is the actual fraction of such sites. If
f is close to p, M0 is small, and by this metric the map did well. M0 measures how
well a probabilistic map does what it’s supposed to do. However, this measure
doesn’t consider the size of the differences between the observed and predicted
shaking, which is also important. To see this, consider two different hazard maps.

In Fig. 8b, the predicted and observed fractions p and f are both 10%, so M0 = 0
and the map is perfect by this metric. However, many points are far from the 45°
line, which is bad. Points far above the 45° line show underpredicted shaking, that
would have exposed buildings to major damage. Points far below the 45° line show
overpredicted shaking, that would have caused structures to be overdesigned and
thus wasted resources. Viewed this way, the map did poorly.

Conversely, in Fig. 8c, the predicted and observed fractions are 10% and 20%,
so M0 = 0.1, showing that by this metric the map didn’t do well. However, most
points are close to the 45° line, so the maximum actual shaking generally plots close
to that predicted—which is good. The shaking wasn’t significantly underpredicted
or overpredicted, so in this sense the map did well.

How close points are to the 45° line is described by the squared misfit metric,
M1, which measures the difference between the predicted and observed shaking,
summed over all the sites. The map in Fig. 8b does well as measured by the M0
metric and poorly by the M1 metric, whereas that in Fig. 8c does poorly by the M0
metric and well by M1. Each metric measures different aspects of a map’s per-
formance. M1 measures something the hazard map isn’t designed to do, but is like a
visual comparison of a hazard map to the shaking that occurred (e.g., Geller 2011).

Using several metrics to measure hazard map performance makes sense. In
general, assessing any system’s performance involves looking at multiple aspects.
This concept is familiar in sports, where players are evaluated in different ways. For
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example, how good a baseball player Babe Ruth was depends on the metric used. In
many seasons Ruth led the league in both home runs and in the number of times he
struck out. By one metric he did very well, and by another, very poorly. Similarly, a
baseball player may be an average hitter, but valuable to a team because he is an
outstanding fielder.

The short time period since hazard maps began to be made poses a challenge for
assessing how well they work. If, during the 10 years after a 10%-in-50-yrs map
was made, large earthquakes produced shaking at 40% of the sites that exceeded the

(a) (b)

(c)

Fig. 8 a Assumed probability p that during a t-year-long observation period, shaking at a site will
exceed a value that is expected on average once in a T-year return period. b–c Comparison of the
results of two hazard maps. That in b is nominally successful as measured by the fractional
exceedance metric, but significantly underpredicts the shaking at many sites and overpredicts that
at others. That in c is nominally unsuccessful as measured by the fractional site exceedance metric,
but better predicts the shaking at most sites (Stein et al. 2015)
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predicted values, the map may not be performing well. However, if no higher
shaking occurred at these sites in the subsequent 465 years, the map would be
performing as designed. Given this problem, various studies examine how well
maps describe past shaking. Although looking backwards in time—hindcasting—is
not the same as evaluating a forecast with observations after the forecast was made,
it gives useful insight.

7 Results

Using this approach, we compared the 510-year-long record of earthquake shaking
to both the Japanese national hazard map (JNH) and smoother versions (Fig. 9).
The smoothest version is a uniform hazard map with hazard at all sites set equal to
the median of the JNH map. Using the misfit metricM1, the JNH map did better than

Fig. 9 a Map of largest known shaking on the Japan Meteorological Agency intensity scale in
510 years (Miyazawa and Mori 2009). b Probabilistic seismic hazard map for 975 year return
period (J-SHIS 2015) c Smoothed hazard map derived by smoothing b over 66-km window
(Brooks et al. 2016a). d Uniform hazard map derived by smoothing b over all of Japan (Brooks
et al. 2016b)
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the uniformmap (Fig. 10). This is becauseM1 depends mostly on similar the patterns
are in space, which iswhatwe seewhenwe compare twomaps. However, asmeasured
by the M0 metric, the uniform hazard map did better. This is because M0 depends
mostly on how similar the average predicted and observed shaking levels are, and it
turns out that the maps systematically overpredicted the observed shaking.

The uniform map averages over the whole country, so all the details are lost. An
intermediate approach is to smooth the hazard map over different areas, which
removes some but not all detail. The fractional exceedance metric M0 generally
improved as the smoothing area increases, consistent with the observation that
smoothing over all of Japan produced uniform maps that performed better than the
JNH map as measured by M0. As measured by the M1 metric, map performance
improved somewhat up to about 50–100 km of smoothing and then decreased
substantially with further smoothing.

The observation that different maps do better by one metric and worse by
another reflects the fact that a map’s performance has multiple aspects, and so using
several metrics to measure it makes sense. M0 is more sensitive to average shaking
levels, whereas M1 is more sensitive to spatial variations. It seems that although the
JNH maps are designed to predict shaking levels that should be exceeded at a
certain fraction of the sites, the process by which their parameters are chosen tends
to make the mapped shaking more closely resemble the maximum observed.

Our point is not that the Japan results would directly apply for Nepal. These results
are for a particular area and for a particular set of maps and data. Rather, we think they
indicate the value of doing similar analyses for Nepal. For this purpose, a long
historical shaking dataset would be very valuable. We suspect that the results would
favor smoother maps and—especially for longer return periods—higher hazard
levels.

Fig. 10 Performance of the three hazard maps for Japan shown in Fig. 9, as measured by the
fractional exceedance metric M0 and squared misfit metric, M1
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8 Implications for Hazard Mitigation

The goal of hazard maps is to reduce losses in future earthquakes via choosing an
appropriate level of hazard mitigation, primarily via earthquake-resistant con-
struction. The total cost of earthquakes to a community is the sum of the expected
loss in future disasters and the cost of mitigation. Conceptually, estimating the loss
depends on the estimated hazard, because the expected loss is the sum of the loss in
individual future earthquakes multiplied assumed probability. A probabilistic haz-
ard map includes this information in the shaking levels it predicts with different
probabilities.

The total cost to a community of earthquakes depends on the amount of miti-
gation, shown schematically by the U-shaped curve in Fig. 11. If a community
undertakes no mitigation, it has no mitigation costs (left side of the curve) but will
expect high losses—so it makes sense to invest more in mitigation. Increased
mitigation should decrease losses, so the curve goes down. Eventually, however,
the cost of more mitigation exceeds the reduction in losses, and the curve rises
again—the additional resources required would do more good if invested otherwise.
The optimum amount of mitigation is the “sweet spot” at the bottom of the curve.

Such graphs are schematic ways to guide our thinking, rather than precisely
computed equations, for two major reasons. First, there are large uncertainties in
our ability to assess the earthquake hazard—our focus here—and the resulting
losses. As shown in Fig. 12, inaccurate hazard and loss (damage) estimates would
produce nonoptimal mitigation. Thus it would be unrealistic to claim we can
actually find a single optimum strategy. Moreover, even without these uncertainties,
mitigation is unlikely to be less than optimal because of limited resources and other
societal needs for these resources. This is true even for developed nations, and

Fig. 11 Curve showing how the total cost to society of earthquakes depends on the amount of
mitigation. The optimal mitigation level minimizes the total cost, the sum of the expected loss and
the mitigation cost (Stein and Stein 2012)
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especially the case in developing nations like Nepal. However, so long as the total
cost is below the loss for no mitigation, less-than-optimal mitigation is better than
none.

9 Conclusions

We suggest that given present knowledge, all of Nepal may be better regarded as
equally hazardous and perhaps vulnerable to much larger earthquakes than those
currently known, with long recurrence times. It seems worthwhile exploring alter-
native hazard maps, ideally with a long historical shaking dataset, and using new

Fig. 12 Comparison of total cost curves for two estimated hazard levels. For each, the optimal
mitigation level, n*, minimizes the total cost, the sum of expected loss and mitigation cost. If the
hazard is assumed to be described by one curve but actually described by the other, the assumed
optimal mitigation level causes non-optimal mitigation, and thus excess expected loss or excess
mitigation cost (Stein and Stein 2013)
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geological data as they become available. We suspect that the results would favor
smoother maps and—especially for longer return periods—higher hazard levels.

Nonetheless, we would not expect any hazard map to perform perfectly. Aspects
of future earthquakes may behave differently from past earthquakes, the details of
which are only partly known. Some of the assumed details of future earthquake
behavior will differ from what actually occurs. Nonetheless, improved maps could
help in choosing better mitigation strategies. Hazard maps, like any natural-hazard
forecasts, do not need be perfect—or even that good—to be useful in making policy
(Stein and Stein 2014; Field 2015). The better they are, the more effectively they
can be used.
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Analysis of Landslides Triggered
by the 2015 Gorkha Earthquake, Nepal

Prem Bahadur Thapa

Abstract On 25 April 2015, 7.8 Mw earthquake “Gorkha earthquake” struck
central Nepal. Its epicenter was located 77 km northwest of Kathmandu near
Barpak village in Gorkha District. The focus of the Gorkha earthquake was at a
depth of approx. 15 km (considered shallow and therefore more damaging). On
May 12, 2015, a major aftershock of 7.3 Mw followed the main shock. The Gorkha
earthquake and its aftershocks caused thousands of human casualties and extensive
damages, and triggered a large number of landslides of various types, including
highly disrupted shallow slides, rock falls, and large-scale avalanches. An ava-
lanche at Mount Everest killed at least 19 and another huge avalanche in the
Langtang Valley killed about 350 people. The widespread landslides occurrence is
posing a great threat to post-earthquake reconstruction. Field investigations and
image interpretation identified thousands of landslides in affected districts of central
Nepal. This provides a basis for better understanding and illustrating the distribu-
tion pattern of landslides triggered by the Gorkha earthquake and of the hazards
related to them. The coseismic landslides were analyzed with respect to landslide
causing and triggering factors, in order to characterize the spatial characteristics of
landslides and to highlight the future hazard and risk. Slope angle and geology are
the most significant parameters and potential ground acceleration values reflect an
anomalous correlation with respect to landslide locations. The frequency ratio
method was adopted for landslide susceptibility or hazard modelling. A landslide
hazard map was generated and classified into five categories: very low, low,
medium, high, and very high. 39.1% of the most affected areas belongs to very low
and low classes with corresponding 5.9% of the inventoried landslides. Medium
hazard zone makes up 37.1% of the area with 29.7% of the landslides. The rest of
the area is classified into high and very high levels, which makes up 23.7% of the
area with corresponding 64.3% of the total landslides. The verification of results
indicates satisfactory agreement between the presumptive hazard map and the
existing data on landslide locations. Consequently, there is a good correlation
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between areas defined as representing “high” hazard and the known landslides. The
hazard map not only reveals the likelihood of future landslides and debris flows. It
is also helpful for the relocation of displaced people and for reconstruction
strategies.

Keywords Gorkha earthquake � Landslide � Spatial characteristics
Hazard and risk � Nepal

1 Introduction

Nepal Himalaya is located in the seismo-tectonically active belt with rugged
topography, complex geology, and frequent occurrence of extreme weather events.
Pronounced tectonic and climatic forcing, manifested in high rock uplift rates,
recurring large earthquakes, orographically enhanced precipitation, and high rates
of mass wasting, erosion, and sediment transport create landscapes of high topo-
graphic relief and steep slopes (Korup and Clague 2009). Extreme events, such as
high magnitude earthquakes, trigger landslides and induce significant morpholog-
ical changes to large areas, particularly when the epicenter is located in a moun-
tainous terrain (Jibson et al. 2006; Yin et al. 2009; Gorum et al. 2011; Wartman
et al. 2013). In medieval times, large earthquakes in Nepal unleashed massive
changes upon the landscape (Schwanghart et al. 2016).

Steep slopes produced by rapid tectonic uplift create high landslide hazard in
Nepal even in the absence of ground shaking. The rugged terrain, unstable soils,
heavy rains, and haphazard road construction in mountain areas combine to make
Nepal as one of the world’s landslide hotspots (Witze 2015). Under normal con-
ditions, the annual wet season in Nepal triggers landslides on the highly susceptible
slopes in many parts of the country. Landscape disturbance by the 2015 Nepal
earthquake and its aftershocks could significantly increase the landslide suscepti-
bility or hazard in future monsoons, for a period of at least a few years because
ground cracking and incipient landsliding occurred in many places (Collins and
Jibson 2015).

1.1 Geological Setting and Seismicity in the Himalaya

The geological setting of the Himalaya comprises several faults (thrusts) that
evolved and propagated from the north towards the south, amongst them three
northerly dipping major thrusts—from south to north the Main Frontal Thrust
(MFT), the Main Boundary Thrust (MBT), and the Main Central Thrust (MCT).
These major thrust faults in the Nepal Himalaya sole at depth into the Main
Himalayan Thrust (MHT). They clearly separate the major tectonostratigraphic
units of the Nepal Himalaya (Figs. 1 and 2). The MFT separates the Quaternary
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alluvium of the Indo-Gangetic Plain from the Sub-Himalaya (Siwalik Group).
The MBT separates the Sub-Himalaya from the Lesser Himalaya and the MCT lies
between high-grade metamorphic rocks of the Higher Himalayan Zone over the
low-grade metamorphic rocks of the Lesser Himalayan Zone. The MCT is the
oldest and successively followed by the MBT and the MFT. Among them, the MFT
is considered as a southern tip of the MHT with flat-ramp-flat geometry dipping less

Fig. 1 Litho-tectonics of the Nepal Himalaya with active thrusts or faults. (Modified after Amatya
and Janawali 1994; Nakata 1982)

Fig. 2 Redrawn generalized cross section through the central Nepal Himalaya and the modelled
slip of the Gorkha earthquake and of the May 12, 2015, aftershock. USGS (United States
Geological Survey) 2015 compiled by GEER (Geotechnical Extreme Events Reconnaissance)
(2015)
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than 10° (Ader et al. 2012). It represents a plate boundary thrust between the
colliding plates, which has been found to be active and produce seismicity
(catastrophic earthquakes) along the Himalaya. Thus, seismicity in the Himalaya is
inherently linked with the geological setting of a major thrusts/faults system, which
is inferred to be active in different segments (Nakata 1982). Historically, Nepal
hosted several large earthquakes (Ambraseys and Douglas 2004; Bilham 2004)
including the recent 2015 earthquake. Thus, the earthquakes in the Himalaya result
from the collision between the Indian and Eurasian plates, which started about 55
million years ago (Molnar 1986). At the junction of the Indian and Eurasian tec-
tonic plates an immense amount of energy builds up as the Indian plate continu-
ously moves under the Eurasian plate at an average rate of 20 mm/year (Bettinelli
et al. 2006; Bilham et al. 1997, etc.). This region accommodates approximately half
of the tectonic convergence between these two plates (Avouac 2003; Ader et al.
2012). The built-up of energy has given rise to the highest mountains in the world
(Mt. Everest); however, it also makes the Himalayan region seismically hazardous
(Molden et al. 2016).

1.2 Gorkha Earthquake and Its Impacts

On 25 April 2015 at 11:56 AM, Nepal Standard Time, the Himalayan country of
Nepal was struck by the catastrophic 7.8 Mw (USGS) earthquake. Its epicenter was
located 77 km northwest of Kathmandu near Barpak village in Gorkha District. The
focus of the Gorkha earthquake was at a depth of approx. 15 km and the main
shock was followed by a major aftershock of 7.3 Mw on 12 May 2015. The 2015
Nepal earthquake is also known as “Gorkha earthquake” and considered as one of
the most destructive earthquakes of Nepal Himalaya since the great 1934
Nepal-Bihar Earthquake. The Gorkha earthquake uplifted the Kathmandu valley by
1 m and mountainous regions north of Kathmandu subsided by 1.5 m (Bilham
2015; Lindsey et al. 2015). However, there was no surface rupture during the
earthquake (GEER 2015; Kargel et al. 2016; Angster et al. 2015; Zhang et al.
2016). More than 469 aftershocks greater than 4.0 Mw were recorded as on 13
September 2016 (NSC 2016).

The Gorkha earthquake and its aftershocks had a devastating impact in Nepal,
which resulted in a death toll of 8773 (Fig. 3), 23,304 injuries, more than 785,000
homes damaged or destroyed, and about 2.8 million people displaced (Molden et al.
2016). Most damages to homes and human settlement were seen in the rural areas,
including many remote and inaccessible mountain communities. However,
emerging cities and several neighborhoods in the Kathmandu Valley also saw
severe damage to housing and human settlements (Molden et al. 2016). Numerous
monuments of historical and cultural significance, some more than a couple of
centuries old, were either destroyed or substantially damaged. Many of the heritage
sites were extensively damaged, and some major monuments in Kathmandu’s seven

48 P.B. Thapa



World Heritage Monument Zones were comprehensively damaged (NPC 2015a, b).
Almost all sectors—social (housing and human settlements, health, education, and
cultural heritage), productive (agriculture, irrigation, commerce, industry, tourism,
and finance), infrastructure (electricity, communications, community infrastructure,
transport, and water and sanitation), and cross-cutting (governance, disaster risk
reduction, and environment and forestry) were seriously affected (Shrestha et al.
2016).

Apart from taking lives, damaging homes, and displacing people, the total value
of the damage and loss caused by the earthquake is estimated at USD 7 billion
(USD 1 * NPR 100), which is equivalent to about a third of Nepal’s Gross
Domestic Product (NPC 2015b). The total loss in the agriculture sector, the main
source of livelihood in most earthquake-affected areas, is estimated at around NPR
28.4 billion (USD 284 million). NPR 16.4 billion (58%) of this amount is related to
direct damages (NPC 2015b). With economic losses estimated at several billion US
dollars, the financial impact to Nepal is severe and the rebuilding phase will likely
span many years (GEER 2015). Thus, the 2015 earthquakes will have grave
long-term socioeconomic impact on people and communities in Nepal (UN-OCHA
2015). The earthquakes pushed an additional 2.5–3.5% of the Nepalese population
into poverty in 2015/2016—more than 700,000 people (NPC 2015b). Many homes
and public buildings sustained less immediately apparent structural damage, some
of which may not yet have been recognized and/or recorded. Such properties will
have increased vulnerability to any future earthquake activity (Shrestha et al. 2016).
The Post Disaster Needs Assessment (PDNA) Report (NPC 2015a) of the National
Planning Commission (NPC) identified 14 affected districts (Sindhupalchok,
Kathmandu, Dolakha, Kabhrepalanchok, Lalitpur, Dhading, Gorkha, Bhaktapur,
Nuwakot, Rasuwa, Sindhuli, Kaski, Parbat, Okhaldhunga) of the country’s

Fig. 3 Death toll due to 2015 Gorkha earthquake in Nepal. Source Nepal police and NEOC
(National Emergency Operation Center) death toll counts in CATDAT (earthquake loss database)
compiled by CEDIM (Center for Disaster Management and Risk Reduction Technology)
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75 districts, of which seven were declared ‘severely hit’ (the worst category) and
seven ‘crisis-hit’ (Fig. 4). Among the districts affected, loss of life was the highest
in Sindhupalchok to the east with more than 3438 people killed according to the
record of the Government of Nepal (GoN). The other districts were slightly or
moderately affected. The Gorkha earthquake caused extensive loss of life and
property because Nepal had not experienced earthquakes of this magnitude for
more than 80 years and, therefore, people and state authorities were less prepared
for such an incident (Moss et al. 2015).

The earthquake also triggered numerous secondary geo-hazards, including
landslide-dammed rivers, mass movements (landslides/debris flows), glacial lake
moraine failures, and avalanches (Molden et al. 2016). The nature of geo-hazards
caused by the earthquake is unevenly distributed. Hundreds of fatalities were caused
by landslides, including the particularly destructive Langtang debris avalanche
(Collins and Jibson 2015; Kargel et al. 2016; Lacroix 2016). The 2015 Gorkha
earthquake and its aftershocks induced slope movements. These had adverse effects
on the local population, buildings and infrastructure, including burial and
destruction of several villages, hundreds of fatalities, partial or total destruction of
roads and natural damming of rivers posing significant hazard due to landslide dam
burst and consequent catastrophic downstream flooding (Moss et al. 2015).

Fig. 4 Districts affected by the 25 April 2015 Gorkha earthquake and its major aftershock on 12
May 2015 (After NPC 2015b)
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2 Landslides Triggered by the Gorkha Earthquake

The mountainous area of Nepal is generally prone to landslides, but the Gorkha
earthquake and its aftershocks triggered many new landslides, often in locations not
previously affected (Shrestha et al. 2016). Landslides triggered during the main
shock and aftershocks blocked roads, dammed rivers and villages, causing hundreds
of fatalities. These earthquake-induced landslides were mapped by a volunteer
group from the University of Arizona, International Centre for Integrated Mountain
Development (ICIMOD), National Aeronautics and Space Administration and
United States Geological Survey (NASA-USGS), Interagency Earthquake
Response Team, British Geological Survey, Durham University, Chinese Academy
of Sciences (CAS), Indian Space Research Organization (ISRO), German Research
Centre for Geosciences (GFZ), and others because the landslide inventory provides
location information of landslide phenomena, types, volume, and damage (van
Westen et al. 2008). Number of landslides mapped by different researchers are not
matching. Kargel et al. (2016) identified 4312 landslides triggered by the Gorkha
earthquake and aftershocks. Gnyawali et al. (2016) and others mapped some more
thousands of landslides, etc. Such mismatch can be due to unavailability of cloud
free images or skill of interpreters or mixing of pre-seismic or co-seismic landslides.
The landslide map produced by the international volunteer team provided a rapid
assessment in the form of a point or line features map (instead of polygon map) that
were used to identify sites for immediate investigation and action in the aftermath of
the earthquake. However, mapping of the landslide forms in terms of their actual
shape and size is preferred for better understanding of their spatial relationship with
terrain and ground shaking parameters (Harp et al. 2011; Xu et al. 2013). Thus,
field-updated landslide inventory is required because formulating and documenting
landslide maps is essential to define landslide susceptibility, hazard and risk and to
survey types, patterns, distributions, and statistics of slope failures (Olyazadeh et al.
2016).

A zone of widespread and intense landslide incidence is found to run east–west,
approximately parallel to the transition between the Lesser and High Himalayas
(Fig. 5). The landslide concentrations of the Gorkha earthquake were highest near
the epicenter but significant landslide concentrations extended about twice as far to
the east than to the west (Collins and Jibson 2015). This likely was the result of the
eastward-directed fault rupture of the main shock as well as the occurrence of the
7.3 Mw aftershock east of the main shock (Collins and Jibson 2015). The area of
landslides triggered by the aftershock overlaps with the eastern end of the area
affected by the Gorkha earthquake triggered landslides but distinction of landslides
caused by the Gorkha Earthquake and its major aftershock could not be clearly
separated out due to limited time span between these events during hardly hit time
of disaster relief operation. Several important valley-blocking landslides also
occurred, the most notable of which buried the village of Baisari on the Kali
Gandaki River several weeks after the main shock (Moss et al. 2015). The largest
and most destructive landslide triggered by the Gorkha earthquake occurred in the
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Langtang Valley, where the shaking triggered a debris avalanche composed of ice,
snow, and soil, burying several villages, and killing at least 350 people (Collins and
Jibson 2015; Kargel et al. 2016).

2.1 Spatial Characteristics of Landslides

An analysis was carried out in relatively large geographical areas that were affected
by the 2015 Gorkha earthquake and its aftershocks. The spatial relationships among
mapped landslides and their causative factors provided the characteristics of
landslide in the particular geo-environment by evaluating the variables contributing
to the triggering of landslides, based on field evidences and spatial statistics by

Fig. 5 Generalized geology and spatial distribution of landslides triggered by the 2015 Gorkha
earthquake and its aftershocks in central Nepal Himalaya. MFT (Main Frontal Thrust), MBT (Main
Boundary Thrust), MCT (Main Central Thrust)
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using geographic information system (GIS). The landslides triggered by the Gorkha
earthquake were partly highly disrupted shallow-seated and partly delivered dry
debris (Fig. 6a) and occurred in higher elevated regions (Fig. 6b). Consequently,
ridge-top shatterings are hotspots of landslides. Most of the landslides were falls
and slides of rock and soil. This is consistent with observations from other
worldwide earthquakes (Keefer 2002). Spatial correlation of landslides with slope
gradient shows that the maximum of landslides is related to topographic slopes
greater than 35° (Fig. 6c). This indicates that steep slopes have a greater control on

Fig. 6 Characteristics of landslides triggered by the 2015 Gorkha earthquake and its aftershocks
in central Nepal. a shallow and dry slides along the Araniko Highway, b ridge-top shattering,
Bhotekoshi River watershed, c slope angle, d slope aspect, e potential ground acceleration
(PGA) values, f ground movement (Kargel et al. 2016)
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landslide occurrences due to earthquakes (Martha et al. 2016). Shaking during the
Gorkha earthquake was amplified on steep, convex slopes and the majority of
landslides occurred in areas comprising fractured, weathered and thus unstable
geological material susceptible to failure along steep slopes (Moss et al. 2015). In
terms of slope aspect, comparatively more landslides occurred at south facing
slopes (Fig. 5d). A local clustering of landslides was found, which is attributed to
spatial variability in rock strength, bedrock fracturing, extent of weathering con-
ditions, dip-slope condition, presence of granular soil in steep slope, and land cover.
Exceptionally, the Langtang debris avalanche began as a snow and ice avalanche
and entrained debris before becoming airborne off a 500 m-tall cliff. Estimates of
the velocity of the airborne landslide debris approach 100 m/s. The estimated
volume of the Langtang landslide is 2,000,000 m3 (Collins and Jibson 2015).

The ground motion intensity, an important parameter in the landslide triggering
(Meunier et al. 2007; Lacroix et al. 2015), was possibly smaller for the Gorkha
earthquake than for previous large Himalayan earthquakes, due to the steady rup-
ture velocity (Grandin et al. 2015; Galetzka et al. 2015) or the deeper source
compared with other recent Himalayan earthquakes that broke the surface (Lacroix
2016). Among the shaking parameters, potential ground acceleration (PGA) is one
of the factors that may control whether landslides occur in response to an earth-
quake. The specific frequency content, shake duration, PGA direction, and recurrent
shocks also may be important (Ogata 1988). Based on the reports of Tajika et al.
(1994a), many of the landslides occurred in hilly areas where the PGA was 0.306 g
(acceleration due to Earth’s gravity) or higher. Most slope failures occurred with
PGA values of greater than 0.255 ‘g’ (Tajika et al. 1994b). But the Gorkha
earthquake-induced landslides have an anomalous correlation with increasing PGA
values, with some correlation of PGA values between 0.48 and 0.68 ‘g’ and
landslide occurrences (Fig. 6e). This indicates that there are other ground param-
eters that controlled landslide occurrences, along with the ground acceleration,
which is similar to that seen previously in the case of large earthquake-induced
landslides (Wartman et al. 2013). Another key earthquake phenomenon is the
wide-field land surface deformation pattern, which appears to have influenced the
distribution of landslides. According to Kargel et al. (2016), an unexpected pattern
of landslide distribution is found during the 2015 Gorkha earthquake in terms of
locations and severity of landslides. Most of the documented landslides occurred in
areas where the ground surface dropped down, rather than in areas where the
ground was uplifted (Fig. 6f).

Each factor likely contributes in landslides occurrence but lithology is a common
significant parameter. Landslide density is highest roughly in the middle between
the epicenters of the main shock and the main aftershock (Fig. 5). Whereas this
cluster’s proximity to the Gorkha earthquake epicenter is evident, the pattern
defined by the cluster is closely correlated with the outcrop of the upper Lesser
Himalayan rocks (phyllite, meta-sandstone) which is bounded to the north by the
MCT (Fig. 5). Near the thrusted contact, many landslides were found. Notably,
these occur on either side of the MCT and thus fault structures may have exerted
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indirect control for clustering of landslides (Kargel et al. 2016). Moreover, land-
slides triggered by strong shaking were the dominant geotechnical effect of the
recent earthquakes in Nepal (Moss et al. 2015).

2.2 Future Hazard and Risk

Proper identification of landslides locations can predict where the ground might be
unstable and prone to future hazard and risk. The highest densities of
earthquake-related landslides are distributed in a broad swath between the two
largest shocks, where many aftershocks also occurred (Fig. 5). These areas must be
viewed as having a very high risk of slope failures during the successive monsoons.
The 2015 Gorkha earthquake triggered thousands of landslides that were equivalent
to several hundred years of ‘normal’ monsoon-triggered landslide activity in
affected districts (Rosser et al. 2016). The zone of intense earthquake-induced
landslides approximately coincides with those areas with the highest annual fatal-
ities due to rainfall-triggered landslides. Consequently, it is to be feared that the
heavy rainfall in the successive monsoon reactivates many landslides and triggers a
host of new failures as well (Petley 2015). The 2015 and 2016 monsoons already
led to a large numbers of landslides and extensive fatalities. Numerous additional
landslides, many times greater than typically caused by a normal monsoon, could in
future occur in the areas that were hardest-hit during the earthquake. Certainly, the
nature of landslide hazard will evolve in rainstorms. The worst water-induced
landslide in Nepal’s history happened in 1993, claimed 1336 lives and destroyed
numerous public facilities. The 1993 landslide and flooding hazard was a periodic
extreme event and is not so unlikely or uncommon in Nepal (Dhital et al. 1993).
Extreme weather events in the future might have disastrous effects. In addition,
extensive ridge-top fracturing as well as the ground cracking at many locations at
steep slopes will facilitate increased infiltration of rainfall runoff (Fig. 7a). This, in
turn, leads to an increase in pore water pressure within these slopes, which sub-
stantially decreases their stability and increases the likelihood of landsliding. The
partially detached landslide masses that did not move all the way to valley bottoms
could be reactivated in wetter conditions and move downslope to block valleys
(Collins and Jibson 2015). When such masses become saturated during monsoon
rains, they could remobilize into potentially damaging debris flows that can travel
rapidly for long distances. Regions downstream of areas of pervasive landsliding
could experience continuing debris flow hazard throughout the current as well as
future monsoon seasons over the next several years because other areas struck by
large earthquakes have experienced substantial increases in sedimentation rates on
annual and decadal scales (e.g. Keefer 1994; Lin et al. 2004). Triggering thresholds
significantly decreased after strong earthquake events (Yu et al. 2014) in high PGA
value areas. Consequently, the meteorological thresholds for debris flows as loose
sediments, deposited by the coseismic landslides, are lowered (Shieh et al. 2009).
The debris flow activity in these earthquake-affected areas will be very high in the
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first 5–10 years period after the earthquake while the total period with an increased
activity will last 20–40 years (Tang et al. 2009). The close association between dip
slopes and landslides causes greatest risk of failure during times of intense rainfall
(Fig. 7b). More than 60% of the villages in central Nepal, which are located on
near-threshold or threshold dip slopes, are at high risk (Ojha and DeCelles 2015).
Destabilized hillslopes and weakened soil horizons represent an ongoing threat
(Andermann et al. 2015; Gallen et al. 2015). Low seismic PGAs at a few percent of
‘g’ may cause failures that lead to a landslide or avalanche if the materials are
already near failure (Kargel et al. 2016). (i) Granular materials may accumulate near
the angle of repose, making them susceptible to coseismic failure, due to an
acceleration that would increase shear stress along incipient planes of failure or
related to rapid coseismic vibration-induced creep (Chou et al. 2013). (ii) Seismic
vibrations may cause liquefaction of water-saturated sediment, disturbances to the
local hydrology, and coseismic or postseismic flow or rotational slumping (Chen
et al. 2009).

Landslides triggered by large earthquakes pose immediate and prolonged haz-
ards. Predictive modelling of regional landslide susceptibility maps is generally
used to identify where landslides may occur in a given region. This is done on the
basis of a set of relevant environmental characteristics, assuming that slope failures
in the future will be more likely to occur under the conditions which led to past and
present slope movements (Varnes 1984; Carrara et al. 1995). An analysis of the
distribution of landslides induced by the Gorkha earthquake and its
causative/triggering variables can predict future patterns of landsliding in the
affected areas of central Nepal. PGA as seismic intensity data combined with
geo-environmental variables (geology, slope angle, slope aspect, land use) were
used to model Landslide Hazard Index (LHI) by the maximum likelihood function
of frequency ratio method (FRM). The approach is based on the observed rela-
tionships between each variable and the distribution of landslides. Frequency ratio
(FR) values for each variable class was calculated and then summed up

Fig. 7 Indicators of future hazard and risk: a tension cracks (ground cracking) at Chaubas village
of Makwanapur, Nepal b dip-slope condition daylighting the hill-slope at Chhap village of
Makwanpur, Nepal
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(LHI = RFR) all ratio value maps to generate a landslide hazard map. Fr = 1 means
that the variable class has a density of landslides proportionally to the size of the
class in the map. A value which is greater than one indicates a high correlation and
a value of less than one is lower correlation. The computed landslide hazard map
was classified into five categories: very low, low, medium, high, and very high.
39.1% of the most affected areas belong to low and very low classes with corre-
sponding 5.9% of the inventoried landslides. The medium hazard zone makes up
37.1% of the area with 29.7% of the landslides. The rest of the area was classified
into high and very high categories, which makes up 23.7% of the area with cor-
responding 64.3% of the total landslides (Figs. 8 and 9a).

Hazard modelling shows that the overlapping zone between Gorkha earthquake
(7.8 Mw) and its major aftershock (7.3 Mw) is a highly hazardous area for land-
slides. In fact, these locations already suffered from both high earthquake intensities
that caused the widespread distribution of landslides (Figs. 5, 8). The result was
verified and validated which is important in the modelling process. Such landslide
hazard map validation has been already addressed in the past (Carrara et al. 1995;
Chung et al. 1995; Luzi and Pergalani 1996; Chung and Fabbri 2003; Baeza et al.
2010 etc.). The verification of results indicates satisfactory agreement between the
presumptive hazard map and the existing data on landslide locations, i.e., there is
good correlation between areas defined as representing “high” hazard and the
known landslides (Fig. 9a). Quantitative validation of the hazard model is done by
calculating the success rate (Fig. 9b). The area under the curve (AUC) of 69.85%
shows that the model is valid with a prediction accuracy of 50–100% (total area).

Landslide hazard caused by earthquakes can be primary or secondary. The
primary hazard is situated high on hillslopes (typically above most settlements) and
along valley floors. In addition, landslide material can be remobilized into debris
flows (secondary hazard) that travel down along existing channels or gullies and
affect valley floors (Rosser et al. 2016). Therefore, the potential exists for immense
landslides and river blockages, which may pose the greatest mountain hazard in the

Fig. 8 Landslide hazard analysis across the region most affected by the 2015 Gorkha earthquake
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affected areas. 2015 and 2016 monsoons rain already provided the clue to observe
the development of new landslides as well as the reactivation of pre-existing
landslides prompted by the subsequent rainfall. Some newer head scarps tend to
develop retreating upward from pre-existing landslide scarps formed in already
weathered rock or in rock loosened by the earthquake. In addition, a
rainfall-induced debris flow was observed, with debris served from the upper slope,
which run into a gully eroding the deposits along its course.

To safeguard from future hazard and risk, evaluation of suitable landslide risk
reduction options is indispensable because the different types of hazards have
varied impacts and require appropriate mitigation measures. Increase in pore water
pressure is the main cause of landslides initiation in mountain hill-slope. The
management of surface and subsurface water is the most efficient stabilization
measures (Thapa 2015). Inclined horizontal drains can be used to lower ground-
water level by discharging water as a function of gravity outlets. The combined
effort of drainage, bioengineering, and structural measures are suitable wherever
feasible from economic and engineering geological point of view.

3 Concluding Remarks

Taking into account serious impacts, the 2015 Gorkha earthquake is considered as
the most destructive in central Nepal Himalaya since the 1934 Nepal–Bihar
earthquake, with a long-term hazardous effect. The loss of life from the earthquake
and its largest aftershocks was mainly due to poor construction of buildings,
characterized by (i) insufficiency or absence of reinforcement and (ii) location of
settlements in close proximity to unstable hill-slopes. The generation of
geo-hazards, especially of numerous slope movements (landslide and debris flow)
resulted in the devastation of residential areas mainly in the mountainous parts of
the affected areas with rugged geomorphology. Nepal Himalaya is facing increasing

Fig. 9 Validation of landslide hazard; a frequency statistics and b success rate
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risks from landslides because of large-scale earthquakes, frequent occurrence of
extreme weather events, and human interventions.

Landslides triggered by the Gorkha earthquake are highly disrupted and
shallow-seated (fall, slide) and tend to occur in higher elevated regions. Ridge-top
shatterings are hotspots of landslides. In terms of slope geometry, more slides found
to be in steeper and south facing slopes. The correlation of ground shaking with
landslides is somewhat anomalous because other ground parameters, such as
lithology and geological structure, are expected to control landslide occurrences
along with the ground acceleration. The pattern of landslide distribution is unex-
pected in relation to locations and severity of landslides because most of the
documented landslides during and after the Gorkha earthquake occurred in areas
where the ground surface dropped down.

The close association between dip slopes and landslides and extensive ground
cracking can put many locations in earthquake-affected regions into great risk of
failure. Thus, slopes in the hilly terrain, severely weakened by the quake, are now
more likely to slip after strong rains and aftershocks. Landslide masses, partially
detached during earthquake, may remobilize into potentially damaging debris flows
that can travel rapidly over long distances. Regions downstream of areas of per-
vasive landsliding could experience continuous debris-flow hazard throughout
future monsoon seasons. Analysis of landslides characteristics, indicators of future
risk, and hazard level zones computed in this study could be helpful for relocation
of displaced people and any reconstruction strategies in Nepal. The predicted very
high hazardous zones of landslides in the overlapping zone between the Gorkha
earthquake and its major aftershock can be either avoided or implemented with
suitable landslide mitigation options. Building community resilience to shocks can
be cost effective. Humanitarian response and reconstruction also represent critical
opportunities to build back better.
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The 1985 (M8.1) Michoacán Earthquake
and Its Effects in Mexico City

Alejandra Arciniega-Ceballos, Marcela Baena-Rivera
and Francisco J. Sánchez-Sesma

Abstract The September 19, 1985 M8.1 earthquake west of Michoacán, Mexico,
due to shallow subduction of Cocos plate beneath the North American plate. This
mega-thrust inverse faulting event broke about 200 km along the boundary of the
Mexican subduction zone in the Pacific coast of Michoacán. This earthquake
consisted of two main sub-events at 16 km depth, separated 27s in time and about
95 km SE in distance. Thirty-six hours later, a major M7.5 aftershock occurred in
the SE edge of the same area. The 1985 earthquake caused enormous damages,
even at distances of up to 300 km from the epicenter. This was the case of Mexico
City in which the maximum accelerations recorded reached 0.17 g, exceeding
building codes limits (Anderson et al. in Science 233:1043–1049, 1986), and
spectral amplifications and duration were unprecedented (Singh et al. in Bull Seism
Soc Am 78:451–477, 1988). The official account reported more than six thousand
buildings destroyed or seriously damaged and estimated between 10,000 and
35,000 persons missing or dead. After this earthquake, seismic monitoring systems
have been developed and improved. The building codes are often revised and
regular monitoring of structures is currently done after earthquakes to keep safer
standards. In the same vein, a number of educational programs were developed to
promote a culture of prevention. It is claimed that the 1985 earthquake generated a
widespread solidarity and awareness among city dwellers. On September 19th,
2017, an intraplate earthquake M7.1, hit Central Mexico again, causing extensive
building damage, testing the effectiveness of developed programs implemented
after the 1985 earthquake.
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1 Introduction

A significant part of Mexican territory is shaken by earthquakes of different types
engendered by the tectonic activity of the region. The Cocos and the North
American plates at the Mexican subduction zone have a convergence rate of about
5 cm/year. This motion induces intraplate earthquakes (M � 7) on the North
American plate, intermediate normal fault events on Cocos Plate (M * 6) and
large subduction earthquakes (M > 8). However, the distribution of intensities and
effects of these earthquakes differ. Among the most important subduction events
occurred in twentieth century we count:

• The M7.6 earthquake of June 7, 1911 with a rupture area of ca. 60% the one of
the 1985 earthquake (UNAM Seismology Group GRL 1986)

• The M7.8 earthquake of July 28, 1957
• The M7.4 Petatlan event of March 14, 1979 which ruptured essentially at the

zone of the 1985 major aftershock
• The M7.3 Playa Azul shock that occurred in October 25, 1981 with a rupture

area of about 40 � 20 km2 (Havskov et al. 1983) (Fig. 1).

Fig. 1 Elevation map of central Mexico. Mexico City Valley is delineated with a yellow line in
the middle of Trans Mexican Volcanic Belt. The estimated ruptures of five subduction events are
shaded with red (from left to right: 09.19.85 M8.1; 10.25.81 M7.3; 09.21.85 M7.5; 03.14.79
M7.4; 07.28.57 M7.8). The dashed red line indicates the trench of Cocos and North American
plates and the accelerometric stations of Guerrero Array are plotted with black dots
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These earthquakes caused minor damage in Mexico City, which is roughly
300 km away from the subduction zone, in comparison with the damage caused by
the 1985 earthquake.

Nowadays, although the 1957 and 1979 earthquakes could be seen as a kind of
warnings because of conspicuous collapse of some buildings in Mexico City, the
lack of reliable historical seismicity data led to minimize the seismic hazard, and
therefore effects and intensity of the 1985 earthquakes could not be anticipated.
Moreover, the occurrence of such events is considered rare and the systematic
recording of earthquakes is relatively recent (Sánchez-Sesma and Crouse 2014).
Regarding the 1985 Michoacan Earthquake, it exists a vast bibliography. Among
them are the three special issues in Earthquake Spectra (1988, 1989). In this paper,
a brief account of some relevant seismological facts and important actions taken as
a consequence of the 1985 earthquake and its effects on Mexico City are high-
lighted. This may have some bearing on the reconstruction issues at the aftermath of
the April 25, 2014 Nepal earthquake.

2 Geology Frame

The Mexico City Valley geological characteristics are unique. Mexico City is in a
plateau at 2250 m.a.s.l., and covers a region of about 110 km N–S and 80 km E–
W. Quaternary and Cenozoic volcanoes surround the Valley, and shallow lakes
(Xaltocan, Zumpango, Texcoco, Xochimilco and Chalco) formed after the
Pleistocene-Holocene Chichinautzin mountain range closed the Basin resulting in
the formation of the lacustrine system on which the Mexico City is extended
(Fig. 2) (Mooser et al. 1974; Padilla y Sánchez 1989). The City was founded in the
fourteenth century and since then floodings were not rare. In the Prehispanic Aztec
towns hydraulic control structures like channels and dikes proliferate. The
Chinampas (kind of floating terrains that eventually became cultivated areas) were
also common constructive systems. Since the sixteenth century, with the Spanish
Colonization, the lakes started to be drained to avoid the recurrent floodings.
Thereby, the City grew within a basin on loose layers of compound soil of clay,
sand and volcanics, over the Mesozoic bedrock of marine sedimentary sequence.

The geology conditions of the region constrain the soil characteristics and
determine the seismic response of Valley. Mexican engineers knew the peculiar soil
conditions of the City and the special requirements were generated for the design of
foundations and structures since the early 50s. Marsal and Mazari (1959) classified
the soils of Mexico City in the three geotechnical zones depicted in Fig. 2. The Hill
Zone, known also as the hard soil, extends on the higher elevations in the Valley, it
is composed of lava flows and volcanic tuffs. The transition Zone presents alluvial
sandy and silty layers with occasional intervals of clay, and surrounds with some
volcanic craters. The Lake Zone, occupies the central area of the Basin, charac-
terized by lacustrine soft-bed soil composed by highly compressible deposits with
20–80 m thickness over resistant sands.
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This geotechnical classification has been useful to establish the building code
regulations generated after the careful study of the recorded ground motion before
and after 1985. However, this layered classification cannot explain alone the large
amplitudes and long durations recorded at sites of the Valley during the Michoacan
Earthquake. It is now generally accepted that to forecast the response of the Valley,
a complete layered model should take into account the concatenation of source,
path and site effects (e.g. Singh et al. 1988; Sánchez-Sesma et al. 1988; Campillo
et al. 1989; Castro et al. 1990).

On the other hand, the water supply to the city has been an issue of major
concern. Aqueducts provided water but since the mid-nineteenth century, wells
were installed to extract the liquid from the aquifers (between the clay formations or
below them). With time, the extreme exploitation of the aquifers produces subsi-
dence and the ensuing changes of dominant period of the ground at some sites
(Ovando-Shelley et al. 2007). All these effects combined make the Valley of
Mexico highly vulnerable to the seismic threat despite of its long distance to the
Pacific trench.

Fig. 2 Elevation map of Mexico City Valley and the mountain ranges that closed the basin:
“Sierra de Las Cruces”, “Sierra Chichinautzin” and “Sierra Nevada”. Inside the basin is the Lake
Zone characterized by soft lacustrine soils, shaded in dark gray. The Transition Zone is plotted in
light gray and the Hill Zone (above 2300 masl) in green. The red dots indicate stations of the
Accelerometric Network that operates since 1987 to the present. The yellow triangles denote
accelerometer stations that recorded the 1985 earthquakes
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3 The 1985 Earthquake Characteristics

Since early 1985, seismologists were waiting for a big quake at the so called
Guerrero Gap and a series of accelerometric recording stations have been installed
along the Mexican Pacific coast in the Guerrero Array. In fact, the 19 September
earthquake occurred in the Michoacán seismic gap, which had been identified as a
zone with high seismic potential and was well recorded by the array. This
mega-thrust earthquake was caused by subduction of the Cocos Plate beneath
Mexico (Fig. 1). The station at Caleta de Campos was just above the epicenter
(Anderson et al. 1986). On September 19, 1985, at 07:18 h (local time), a M8
earthquake of occurred with epicenter close to Pacific coast of Mexico, with some
damage in the epicentral area and Ciudad Guzman, Jalisco. However, the damages
in Mexico City were unprecedented.

The fault rupture area was of about 200 km length along the boundary of the
Mexican subduction zone in the Pacific coast of Michoacán and a width of about
50 km. The thrust source mechanism had a 288° fault plane strike and a dip of 9°
(Eissler et al. 1986). Strong ground motion investigations indicate that this major
earthquake consisted of two main sub-events at 16 km depth, separated 27 s in time
and about 95 km SE in distance (Fig. 1). The larger M7.5 aftershock occurred
thirty-six hours later, in the SE edge of the same area. The total seismic moment
was of about 11 � 1028 dyne-cm (Astiz et al. 1987) and the rupture area was of
about 104 km2 (see Fig. 1).

4 Effects of Soil Amplification and Structural Damage

The 1985 earthquake produced large intensities in Mexico City, in the Mercalli
scale they reached level IX. Maximum accelerations reached 0.17 g, thus exceeding
building codes limits (Anderson et al. 1986) and the spectral amplifications and
durations were unprecedented (Singh et al. 1988). These features are quite unusual
for an event which epicentral distance to the site is of about 400 km. The earth-
quake destroyed or severely damaged about six thousand buildings. The causalities
are estimated to be between 10,000 and 35,000 people with tens of thousands
injured or homeless. The cost of damages has been estimated to be larger than the
2% of the gross domestic product in 1985.

The influence of soft soil on the seismic response of alluvial valleys may produce
significant amplifications of the ground motion. This problem has been the subject of
numerous studies (e.g. Bard and Bouchon 1980a, b; Sánchez-Sesma 1987; Aki 1988;
Kawase and Aki 1989; Campillo et al. 1989). The large amplitude ground motion and
long duration records in the lacustrine plain sites in the Valley of Mexico result from
the combination of significant source, path and site effects (e.g. Singh et al. 1988;
Sánchez-Sesma et al. 1988; Campillo et al. 1989; Castro et al. 1990). Ordaz and Singh
(1992) discovered a large regional amplification. They demonstrated, using a data set
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of seismograms from stations located both inland and along the cost, that seismic
waves at hill zone sites in Mexico City are amplified. Such amplifications at the so
called “hard zone” are remarkable as they reach at least 10 times at critical frequencies
for Mexico City soil conditions (1–5s). Considering that the uppermost soft layers
trap the seismic wave energy causing significant ground motion amplifications,
reaching 10–50 times, in lake-bed sites with respect to the hill sites at periods between
1 and 5 s. This results in an amplification of 100–500 with respect to the hard sites
with similar hypocentral distances, located inland or along the coast. Moreover, their
study shows that the amplification effects and damages seem to be independent from
the earthquake magnitude. These observations strongly suggest that amplification
effects in Mexico City are not only due to the lacustrine soil characteristics. The
mechanisms are still to be elucidated as amplifications that are beyond the levels
predicted by simple 1D models (Sánchez-Sesma et al. 1988; Singh et al. 1998). All
this brings on the validity of the term ‘site amplification’ to adequately explain the
observed devastation.

In addition, the number of Pre-Hispanic structures (e.g. channels, tunnels, tem-
ples), under which have been built modern structures is unknown. Their condition
may cause important effects in the seismic response during earthquakes. Padilla y
Sánchez (1989) showed a link between more than 2000 collapsed and damaged
buildings and Pre-Hispanic and Colonial structures, during the 1985 earthquake.

Many of the structural collapses were buildings that fulfilled the requirements of the
Complementary Technical Standards (NTC) 1976 of the Building Regulations of the
Federal District (effective in 1985). This was due to the large values of peak ground
acceleration in the Lake Zone (Fig. 2) as compared to the expected values. Ductility
factors (Q) was allowed to reach 6, which further decreased the design acceleration.

On the other hand, the duration of ground motion imposes critical conditions to
structural response. Based on recorded data Reinoso and Ordaz (2001) proposed
expressions to estimate duration in Mexico City in terms of magnitude distance and
the dominant period of site. In some sites the duration of strong ground motion in
1985 exceeded 5 min., particularly in the lakebed zone (Fig. 2). This subjected the
structures to lasting oscillations, which in some cases may had caused resonance and/
or structural failure due to the loss of strength after many cycles of load (Ordaz and
Singh 1992). The slab punching by columns revealed lack of shear reinforcement and
many systems, particularly reinforced concrete structures, but also those of steel,
showed lack of strength and ductility when their periods were close to the site period.

5 New Building Code Regulations

Besides source, paths of seismic waves and the geological and subsoil conditions,
irregular settlements in difficult soil conditions and poor enforcement of building
regulations contributed to the collapse or failure of hundreds of structures. After the
1985 earthquake, the building codes are often revised and regular monitoring of
structures is done after earthquakes to keep safer standards.
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Several studies helped to characterize in detail the Mexico City subsoil; results
from geotechnical and geophysical prospecting campaigns updated the shallow
structure model in some areas inside the Mexico City Valley (Auvinet and Juárez
2011). Imaging investigations for subsidence monitoring and for ground water
extraction are taken into account for improving the design of foundations and
underground structures (Cabral et al. 2008).

Relying upon the acceleration records at many points in the City an empirical
model was developed to evaluate site effects and the response of the Valley (Ordaz
et al. 1994). First attempts regarding on spectral ratios were calculated with respect
to a reference station at the Hill Zone (CU at UNAM’s main campus). Spectral
ratios showed remarkable stability for most events, regardless their origin, their
source mechanism and their magnitude (Rosenblueth and Arciniega 1992;
Arciniega-Ceballos 1990). Applying some averaging techniques and interpolation
scheme (Pérez-Rocha 1998) the representative spectral ratio of at each point was
obtained. Then, assuming smooth spatial variation of the dominant period and
applying random vibration theory (Boore 1983) the response spectra was estimated
at any point within the accelerometric array.

Regarding the dominant periods of soil sites, it has recently been discovered that
the frequency characteristics of the sites change with time. For instance, the site
SCT had 2.0s in 1985 and now is 1.6s (Avilés and Pérez-Rocha 2010). These might
be attributed to several factors that alter the soils conditions and their elastic
properties (Ovando-Shelley et al. 2007). For those construction systems that are
vulnerable to long lasting resonant ground motion, the emergency regulations
(released just after the 1985 earthquake and the subsequent versions), included
increases in steel reinforcement, like stirrups and joints. Significant strength
requirements, regarding sections of columns, walls and beams, were introduced.
That leads to increases in stiffness as well. Systems with rigid flat-slabs and frames
without walls have now stronger requirements in both strength and ductility.
Moreover, slenderness and irregular geometries were restricted. They are however
not free of controversy as they leave to designers some freedom to choose, as some
simplifications require higher coefficients, while more costly and detailed proce-
dures allow weaker constrains. These specifications and other design parameters
have been modified in the 1993 and 2004 versions that are currently used where the
seismic coefficient of maximum design acceleration is 0.45 g.

6 Accelerometric Network, Alert System and Institutional
Outreach

In 1985 the Mexico City Accelerometric Network (MCAN) had only 9 stations
(marked with stars in Fig. 2). Few years after the earthquake, the monitoring sys-
tems improved increasing the MCAN around 80 in the free field (Fig. 2).
Nowadays the MCAN resulted from joint efforts of collaboration between the
Institutes of Engineering and Geophysics, UNAM and Centro de Instrumentación y
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Registro Sísmico (CIRES—a private non-profit organization). In addition, around
the Valley there are 31 short-period seismometers, operated by the National Seismic
Survey, which nowadays counts with a network of 56 broadband STS-2 and 9
short-period seismometers distributed around the country (see http://www.ssn.
unam.mx/acerca-de/estaciones/).

A Seismic Alarm System for Mexico City, developed by CIRES, was imple-
mented for earthquakes with magnitudes larger than M6 occurring along the
Guerrero and Michoacán coast. This system gives about 50-s warning before the
shear waves arrive to the Valley.

In 1988, the National Disaster Prevention Center was established; first, spon-
sored by the Japanese International Cooperation Agency and later by the Mexican
Ministry of Interior. In the last few years an independent organism was created: The
Institute for Building Safety which aim is to promote criteria to enforce the ful-
fillment of code requirements. This requires close collaboration with professional
engineering organizations. The widespread damage after the 1985 quake, was
enormous and the nature of the causes, initially was a mystery for most of the
population, therefore a number of educational actions were developed to promote
the culture of prevention: regular simulacrums, insurance information, formation of
well-trained emergency search and rescue brigades, are all among the preventive
measures adopted.

7 Conclusions

The Valley of Mexico grew on loose layers of compound soil of clay, sand and
volcanics. The unconsolidated thick layers of lake sediments (circa 100 m), toge-
ther with the excess draining of the aquifer, subject the City to severe processes of
subsidence. These local characteristics in addition with tectonic and regional set-
tings favor the amplification of seismic waves and long lasting codas.

It is well known that earthquakes cannot be predicted and it is as well difficult to
anticipate their intensities. Specially, in the case of complex earthquakes like
Michoacán 1985 and Tohoku 2011. These types of events are considered rare and
our knowledge about such earthquakes is still limited regarding that the necessary
dense seismic networks are relatively recent.

The study of the 1985 Michoacán earthquake and its effects in Mexico City
brought on new impetus and several studies have served as an example to the world
contributing to our understanding on the seismic response in basins with lacustrine
and sand conditions (e.g. San Francisco Bay, CA in 1989). More recent investi-
gations include analyses and modeling of site effects, mechanical and geometrical
characteristics of the strata and subsoil and the damage distribution caused by a
strong-motion event (Baena et al. 2016 and references here in).

In the same vein, the recently created Institute for Building Safety by the City
government may contribute to guarantee structural safety by rigorous code
enforcement. The maximum design acceleration were increased, the values of the
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ductility factor (Q) for different types of structures and building materials were
restricted, and increases the steel reinforcement. All these actions are established to
implement practical criteria for the adequate assessment of future ground motion
levels and seismic risk mitigation. Nevertheless, more efforts have to be done to
create awareness among public, architects, engineers planners and policy makers
about the implications on living in a region with high rates of seismicity.

8 Addendum

The effectiveness of the developed programs was tested exactly 32 years after the
M8.1 1985 Michoacán event by the occurrence of two intraplate earthquakes: the
first, M8.2, on September 7th, 2017, in Tehuantepec, at a distance of about 600 km
to Mexico City, and the second, M7.1, ironically again on September 19th, between
Puebla and Morelos States, only 120 km away from Mexico City. Both events had
an extensional mechanism and about the same depth of 57 km, causing considerable
damage within a radius of approximately 200 km. During the M8.2 earthquake,
maximum accelerations (Amax) did not exceed the values recorded in 1985,
causing almost no damage in Mexico City, while during the M7.1 earthquake,
Amax in hard zone (57 cm/s2), doubled the response recorded in 1985 (30 cm/s2).
Damage not only happened in the soft-lake zone, also many buildings (3 to 8 floors)
collapsed in the transition zone. This might be attributed to the high frequency
content of the almost vertically incoming waves motion.

It is clear that this recent seismic activity put to the test the programs imple-
mented after 1985. Building codes for different earthquakes scenarios have to be
revised as well as the strict supervision of regulations by qualified and uncorrupted
authorities.

The Seismic Alert System (SAS) worked during the M8.2 quake as expected but
during the M7.1 event the SAS triggered late. This happened because SAS is
designed for earthquakes coming from the Pacific coast. Fortunately, the M7.1
earthquake took place 2:15 hours after the annual simulacrum exercise, mitigating
considerably the casualties (about 500 nationwide) compared with about 10,000
casualties of the 1985 Michoacán earthquake. This experience states the urgent
revision of civil protection programs, in order to strengthen education and routinely
practice simulacrum exercises. In addition, a nationwide coverage of the warning
system should be achieved.
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Part II
Damage, Prevention, Restoration



Lessons from Building Damage Patterns
During April 25, 2015 Gorkha Earthquake
in Nepal

Ramesh Guragain, Surya Narayan Shrestha, Dev Kumar Maharjan
and Suman Pradhan

Abstract The April 25, 2015 Gorkha Earthquake of Magnitude 7.8 in Nepal
damaged about seven hundred thousand buildings. The main typologies of build-
ings in the affected area are stone masonry with mud mortar, some buildings with
stone and brick masonry with cement/sand mortar and few reinforced concrete
buildings with masonry infill. Among the damaged buildings, about 96% of the
buildings were masonry and about 4% reinforced concrete buildings with masonry
infill. This study conducted detailed damage assessment of over 150,000 buildings
of different type of masonry and reinforced concrete (rc) buildings in Nepal. First,
the buildings were classified according to different structural types like adobe, stone
in mud, brick in mud, stone in cement, brick in cement, wood, bamboo, rc and
others. Other important parameters like type of floors and roofs and occupancy of
the buildings were noted before starting the detailed damage assessment of struc-
tural elements. Damage to overall building as well as to different structural/
non-structural elements was categorized into four different categories mainly
overall hazard, structural hazard, non-structural hazard and geotechnical hazard.
The damage level to different structural/non-structural elements was assigned from
insignificant damage to extreme damage in three categories considering the severity
of damage like crack widths, delamination, tilting etc. In addition to the severity of
damage, extent of damage to that particular element of different severity was also
noted. Each type of damage with different severity was estimated in terms of extent
like less than 1/3rd of the total area, 1/3rd–2/3rd and more than 2/3rd. Considering
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the damage severity and extent, overall damage grade to the building was assigned.
Finally, based on the damage grade and extent of damage, recommendation for the
building, either to demolish, repair and retrofit or just repair was recommended.
This study further analyzes the main type of damage to different categories of the
buildings and finds out critical factors to be considered for making them earthquake
resistant. Existing traditional earthquake resistant elements like wooden bands and
their effectiveness on earthquake safety of masonry buildings are further studied. It
is found that, corner separation, diagonal cracking, out of plane failure, in-plane
flexural failure and delamination are the main type of damage to masonry buildings
while soft-story damage, joint failure, lap splice, columns shear failure, beam
failure and infill walls failure are the main types of damages to non-engineered
rc-buildings.

Keywords Low strength masonry � Non-engineered buildings � Damage patterns

1 Introduction

The April 25, 2015 Gorkha Earthquake of Magnitude 7.8 in Nepal damaged about
700,000 buildings. The main typologies of buildings in the affected area are stone
masonry with mud mortar, some buildings with stone and brick masonry with
cement/sand mortar and few reinforced concrete buildings with masonry infill.
Figure 1 shows the building typology distribution in 31 districts, which were
affected by the April 25, 2015 earthquake in Nepal. It shows that about 58% of the
buildings are mud based masonry, i.e. stone in mud, adobe or brick in mud; 21%
are cement based masonry either stone with cement-sand mortar or brick with
cement-sand mortar and about 15% are reinforced concrete with masonry infill.
There are other types of buildings that are only about 6%.

Fig. 1 Overall building
typology distribution in the
affected area of April 25,
Nepal earthquake (CBS 2011)

80 R. Guragain et al.



Large numbers of the residential buildings in developing countries in seismic
area are non-engineered type owner-built masonry. Unreinforced stone masonry
buildings are common in mountain areas in seismic countries around the world.
Stone masonry has been constructed for different use starting from simple resi-
dential buildings to palaces, temples and monuments. Bothara and Brzev (2011)
have discussed different types of stone masonry buildings in earthquake prone
countries and their performance during earthquakes. The performance of masonry
buildings during earthquake is very poor. The breakdown of the casualties due to
earthquakes in the period of 1900–1990 shows about 75% of the fatalities attributed
to earthquakes are caused due to collapse of buildings and the greatest proportion of
it is from the collapse of masonry buildings (Coburn and Spence 2002). The per-
formance of stone masonry buildings in different earthquakes shows random shaped
stone masonry buildings are more vulnerable than other type of masonry buildings
(Spence 2007). Damage to random shaped stone masonry buildings was highest in
the 2005 Kashmir earthquake in Pakistan (EERI 2006; Rossetto and Peiris 2009).

Among the damaged buildings, about 96% of the buildings were masonry and
about 4% reinforced concrete buildings with masonry infill based on preliminary
analysis conducted for preliminary damage and need assessment (PDNA 2015).

The April 25th 2015 Gorkha Earthquake in Nepal caused 8450 deaths and more
than 700,000 buildings were severely damaged with a significant number of them
collapsed. Most of the death and injuries were caused by the collapse of buildings.
Just after the earthquake, though mainly in Kathmandu valley, many organizations
provided rapid visual assessment of the buildings and advised people on the pos-
sibility of continued use of the buildings or whether evacuation is required.

However, the information on the possibility of repair/retrofit or demolition was
not provided by the rapid visual assessment. So, detailed damage assessment of the
building is necessary so that reasonable suggestions can be provided to the people
in need. Further, the local governments can use the detailed damage assessment
information for development of a reconstruction strategy within their territory. In
addition, the detailed damage assessment helps to understand the main reason for
damage to buildings, and the lessons learned will be beneficial for designing future
strategies for disaster risk reduction. In this context, a detailed damage assessment
targeting more than 200,000 buildings was conducted by the National Society for
Earthquake Technology-Nepal (NSET) after the April 25, 2015 Gorkha
Earthquake. This paper highlights the objectives and methodology of the detailed
damage assessment, locations and scope of the detailed damage assessment and
initial findings and results of the detailed damage assessment.
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2 Objectives and Methodology of the Detailed Damage
Assessment

2.1 Objectives

The overall objective of the study was to understand the main failure mechanism of
different type of buildings, so that the mitigation measures can be optimized in the
long run. However, for the immediate benefit for the reconstruction, the specific
objectives were to:

• Assess and collect the building damage information in a systematic way
• Provide possible solutions to the affected communities
• Provide references for the policymakers for reconstruction planning based on

the results gained from the assessments.

2.2 Methodology

The overall methodology adopted in this study is as follows:

• Development of damage assessment format: The post disaster damage assess-
ment guidelines published by the Department of Urban Development &
Building Construction (DUDBC), Government of Nepal, was used to develop
the damage assessment format. Figures 2 and 3 show the detailed damage
assessment form used for the study.

• Use of IT tools for the survey: An Android application was developed to collect
the data.

• Train surveyors: A training curricula was developed to enhance the skills of
surveyors to understand the technical and social issues concerning the detailed
damage assessment of the buildings.

• Conduct the detailed damage assessment and analyze the data.

First, the buildings were classified according to different structural types like
adobe, stone in mud, brick in mud, stone in cement, brick in cement, wood,
bamboo, rc and others. Other important parameters like type of floors and roofs and
occupancy of the buildings were noted before starting the detailed damage
assessment of structural elements.

Damage to the overall building as well as to different structural/non-structural
elements was categorized into four different categories namely overall hazard,
structural hazard, non-structural hazard and geotechnical hazard. The damage level
of different structural/non-structural elements was assigned from insignificant
damage to extreme damage in three categories, considering the severity of damage
like crack widths, delamination, tilting etc. In addition to the severity of damage,
extent of damage to that particular element of different severity was also noted.
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Fig. 2 Detailed damage assessment form (1/2)
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Each type of damage with different severity was estimated in terms of extent like
less than 1/3rd of the total area, 1/3rd–2/3rd and more than 2/3rd. Considering the
damage severity and extent, an overall damage grade was assigned to the building.

Fig. 3 Detailed damage assessment form (2/2)
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Finally, based on the damage grade and extent of damage, it was recommended
either to demolish, repair and retrofit or just repair the building.

3 Study Area and Scope

Figure 4 shows the targeted locations for the detailed damage assessment. This
paper presents the preliminary result of about 80,000 buildings already surveyed
and analyzed. The number of buildings surveyed and analyzed in different locations
is given in Table 1.

Fig. 4 Locations of the area surveyed for building damage assessment

Table 1 Location and number of buildings surveyed and analyzed

Location Number of buildings Location Number of buildings

Chautara 4308 Jiri 3997

Kamalamai 8575 Panauti 6928

Thosey 754 Manthali 8295

Bidur 6760 Kathmandu 8216

Lalitpur 6630 Bhimeshor 6035

Budhanilkantha 12,723 Besisahar 5597

Total buildings analyzed: 78,918
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4 Preliminary Results

This section highlights the preliminary findings of the analysis of the damage
assessment results.

4.1 Building Typology and Number of Story

Figure 5 shows the distribution of buildings with number of stories. The surveyed
area was mainly municipalities where more than 92% of the buildings have less
than 3 stories. This clearly indicates that, any strategy for risk reduction should
focus on low-rise buildings to solve the majority of problems.

Figure 6 shows the distribution of building typology versus number of stories.
The interesting fact is that, the 2-story stone-in-mud buildings are found highest in

Fig. 5 Distribution of buildings with number of stories

Fig. 6 Building typology versus number of stories from the field survey
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number. Among the total of about 80,000 buildings surveyed, 36% are
stone-in-mud and 20% of the total are 2-story stone-in-mud buildings. So, on one
hand it is clear that earthquake risk reduction should focus on low rise buildings and
on the other hand, a safe solution for the construction of 2-story stone-in-mud
buildings needs to be developed.

The other important finding is that existing stone-in-cement buildings are less
than 1% in total. The study area was in municipalities. If the survey is conducted in
rural areas, the ratio of stone-in-cement buildings would be less than this.

4.2 Building Typology and Age Distribution

Figure 7 shows the building typology vs number of stories. The reinforced concrete
buildings show very clearly that, these buildings are new and the percentage is
higher for recent buildings with ages less than 10 years. However, stone-in-mud
buildings show almost uniform distribution among the ages with less than 10 years,
10–20 years and 20–30 years. This fact also indicates that people are still con-
structing stone-in-mud buildings with very little overall change to other building
types.

4.3 Overall Building Damage

Figure 8 shows the overall damage grade distribution of the buildings assessed,
while Fig. 9 shows the distribution of damage grades versus building typology.
From the grade 5 damage, which is 15% of the total building stock, 11% is
stone-in-mud buildings, which is about 75% of the total collapsed buildings. Other
categories with major damage are brick-in-mud and adobe.

Fig. 7 Building typology versus age distribution
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Cleary, very little damage is seen in reinforced concrete buildings.
Stone-in-cement and brick-in-cement masonry buildings are also found less vul-
nerable in comparison to mud-based construction.

4.4 Overall Building Damage

Figures 10 and 11 show the comparison of different types of damage to
stone-in-mud and brick-in-cement buildings. In stone-in-mud buildings, diagonal
cracking and corner separation are found to be the major type of damage. Though
delamination is generally considered one of the major problems in stone masonry
buildings, relatively minor delamination was observed in those buildings that were
still standing. This might be due to the reason that the delaminated buildings
collapsed either partially or completely or suffered out-of-plane failure.

Fig. 8 Overall damage grade distribution

Fig. 9 Overall damage grade distribution versus building typology
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In brick-in-cement buildings, corner separation and diagonal cracking are the
major damage pattern observed in buildings that are still standing. Relatively minor
out-of-plane failure was observed and delamination is negligible for this category of
buildings.

Figure 12 shows different types of damage to reinforced concrete buildings.
Damage to infill walls is the highest. However, this damage can be categorized as
tnon-structural damage. The remaining major damage is found in columns and
joints, while damage to beams is relatively minor.

4.5 Comparison of Damage to Previous Studies

Fragility functions for different types of masonry buildings in Nepal are provided
by Guragain (2015). The Gorkha Earthquake provided accelerometer records in the

Fig. 10 Different types of damage in stone-in-mud buildings

Fig. 11 Different types of damage in brick-in-cement buildings
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Kathmandu Valley only. So, it was possible to compare the ratio of different grades
of damage only in Kathmandu Valley. The average peak ground acceleration in
Kathmandu Valley was about 0.2 g. Figure 13 gives different levels of damage to
brick-in-mud buildings in Karyabinayak Municipality in Kathmandu Valley and
Fig. 14 gives the fragility functions for brickin-mud buildings by Guragain (2015),
with the ratio of damage obtained from a field survey. The fragility function shows
50% of buidlings completele damaged (which includes partial and fully collapsed
buildings) at 0.2 g, while the damage ratio obtained from the field survey is 56% for
complete damage. For moderate damage the fragility function gives 25% compared
to 22% from the field survey. Similarly, it is 25% and 21% for slight damage. This
comparison shows thtat, the fragility functions by Guragain (2015) are near to the
damage ratio obtained in the field. The damage grade definitions are:

• DG1—slight structural damage
• DG2—moderate structural damage
• DG3—significant structural damage

Fig. 12 Different types of damage in rc-buildings with masonry infill

Fig. 13 Percentage of
brick-in-mud buildings with
damage grades in
Karyabinayak municipality
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• DG4—partial collapse
• DG5—collapse of the building

Case 1 and case 2 in Fig. 13 represent the numerical simulation results. Case 1
represents simulation results using only the average mortar strengths, while case 2
represents simulation results including very poor mortar strength and very strong
mortar strengths as well.

5 Key Lessons for Reconstruction from Damage
Assessment

Analysing the damage statistics, the lessons for reconstruction are as follows:

a. We should focus on appropriate technology: Most of the buildings damaged
during the Gorkha earthquake are masonry non-engineered buildings. It is dif-
ficult to transport modern construction materials into remote areas. Even in
recent years, people are constructing stone-in-mud buildings. So, it is recom-
mended that the reconstruction techniques should cover stone-in-mud buildings
and focus on locally available materials.

b. Technical Assistance is key for safer construction: Widespread damage of
non-engineered buildings indicates that the construction workers do not know
about earthquake resistant techniques. So, it is recommended to plan a massive
training program and plan for the training of currently active masons. At the
same time, it may be necessary to train new masons, as the need for recon-
struction is much higher than for regular construction.

c. A comprehensive program considering different aspects of technical sup-
port is important: The technical support should be comprehensive, covering
awareness of homeowners, capacity building of construction workforce and
assist in establishing a system for compliance checks during reconstruction at
local government level. The awareness of homeowners can help create demand

Fig. 14 Fragility function for
brick-in-mud buildings by
Guragain (2015) with ratio of
damage obtained from the
field survey at 0.2 g. The
percentage values with black
font are from numerical
simulations and with blue font
are from the field survey
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for safer construction, as homeowners will control the construction of houses.
A trained construction workforce will fulfil this demand and the local govern-
ment can make the process sustainable with a comprehensive checking system
in place.

6 Conclusions

Detailed damage assessment of over 150,000 buildings of different types of
masonry and reinforced concrete buildings damaged in the April 25, 2015 Gorkha
earthquake in Nepal was conducted and the analysis of about 80,000 buildings is
presented in this paper.

This study analyzes the main types of damage to different categories of buildings
and identifies critical factors to be considered for making them earthquake resistant.
It is found that, corner separation, diagonal cracking, out-of-plane failure, in-plane
flexural failure and delamination are the main types of damage to masonry build-
ings, while joint failure, column shear failure, beam failure and infill wall failure are
the main types of damages to non-engineered rc-buildings.

Analyzing the building typology and age of the buildings it is found that,
mud-based construction, specially stone-in-mud, is uniformly distributed among the
different age categories. This shows the importance of developing an
earthquake-safe technology for constructing this type of buildings. The distribution
of the number of stories indicates the need for focusing on low-rise buildings, and
the highest priority must be given to the development of earthquake-safe 2–3 story
stone-in-mud masonry buildings, if the existing construction practice and life style
of the people are to survive.

Development and transfer of appropriate technologies, training of construction
workforce, awareness of homeowners and institutionalization of safer construction
practices in local governments are the important key lessons from this damage
assessment of buildings.
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Nepal Post Earthquake Cultural Heritage
Rehabilitation

Christian Manhart

Abstract This article shows UNESCO’s experience in Nepal during and after the
2015 earthquakes in the protection and rehabilitation of the country’s rich cultural
heritage. It explains the technical and administrative challenges, as well as the
actions UNESCO undertook in 2015/16.

Keywords Earthquake � Cultural heritage reconstruction � UNESCO
Nepal

Over a year following the two devastating earthquakes in April and May 2015 that
hit Nepal, not many of the collapsed temples and historical monuments have been
reconstructed. Several critical questions from the people and the media have
emerged in this regard. The government and UNESCO have often been asked why
they have not been able to undertake reconstruction faster and to do more.

In this article I will explain the reasons behind the slow restoration process and
what has been done so far.

I personally experienced both earthquakes. During the first violent shaking of the
ground I was inmy house in Patan and thanks to the several UN earthquake drills I had
participated to, I knew immediately that it was a major one. I was however quite
shocked by a number of factors: by the violence of the movements—my house shifted
about 50 cmback and forth- by the loud noise provoked by themoving house, soil and
falling furniture, as well as the long duration of the quake, it lasted approximately
2 min, which then seemed to be an eternity. It was remarkable that 30 min after the
earthquake, mobile phones and the internet functioned rather well, allowing me to
inform my headquarters in Paris and my family in Germany that I was alive.

Following a first damage assessment at my residence, I went to the office to
proceed with the staff count. One member of our UNESCO team went missing for
more than a week as she was on vacation in a northwestern remote area, which was
totally cut off. Then I went to the streets, which mainly were covered by rubble and
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to Patan Durbar Square. Here I was again surprised by well-organized local
communities which pulled out living and dead bodies from the rubble while moving
out and bringing to security in the inner courtyards unique architectural elements
including statues and carved wooden beams.

The Department of Archaeology (DoA) assigned to UNESCO a coordination
role for all heritage relief work. We organized an initial coordination meeting just a
few days after the first earthquake, to which we invited all possible stakeholders and
experts, in order to gather information on the damage to heritage sites and draw up
priorities.

Jointly with the DoA, we immediately started the assessment of damage, a task
in which we were assisted by many volunteers, Nepali and internationals. Many of
them came spontaneously to us.

During this process we were closely assisted by our headquarters in Paris which
transferred emergency funding, enabling us to pay our volunteers, to employ up to
10 additional staff for our Culture Unit (structural engineers, architects, archaeol-
ogists), and to carry out first emergency work for several monuments. The
post-earthquake activities represented a boost for the office as many new activities
in the fields of culture and education were introduced.

In the first weeks after the earthquakes, we got dozens of media interview
requests every day, our team had to mobilize and coordinate volunteers, experts and
visitors and UNESCO constantly cooperated with the Department of Archaeology
and other stakeholders.

We soon started with the emergency consolidation of buildings, which were still
standing, but at risk of collapse due to heavy damage.

At the World Heritage Site of Swayambhu, with the help of a Japanese team
from Kyoto University, we evaluated the landslide risks at the south slope of the
hill. Just three months prior to the earthquake, a landslide expert had issued a
warning on the landslide risk zones in the area. Fortunately the earthquake did not
trigger a landslide at the site, the cracks on the south slope of the hill had however
widened. A team of experts covered them with tarpaulins to prevent water pene-
tration during the monsoon season. We also secured and inventoried all cultural
materials found in the rubble—mainly wooden beams, sculptures and temple items.
We excavated the basis of the collapsed small Tashi Gomang Stupa with the aim of
consolidating it before reconstruction. Among the rubble we found 9 sculptures,
jewelry, gold and silver coins mostly of nineteenth century and thousands of small
—2 to 3 cm—clay votive stupas. All the artifacts were inventoried and put in a
secure place located in a priest’s house. All materials have been placed back into the
stupa during reconstruction. We also sealed the cracks of the main stupa to make it
water proof for the monsoon period which was quickly approaching. All activities
were carried out with the help of the local priests, as laymen are not allowed to step
in the stupa. We safeguarded and restored the mural paintings of the Shantipur
Temple with the help of an internationally renowned expert from Italy, who came
twice for a month. He also organized trainings for national specialists in murals
conservation. The Shantipur Temple, which was badly damaged with several
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collapsed walls, was shored all around, and we are now preparing a detailed plan on
how to reconstruct it.

The Hanumandhoka Museum at Kathmandu Durbar Square was badly damaged
and the walls of two buildings resulted totally shaky after the earthquake. However,
they still contained 6000 cultural objects, which had to be taken out urgently. We
were provided assistance from a team of ICOM,1 ICCROM2 and ICOMOS,3 which
carried out a series of vital training sessions with national experts, in shoring, as
well as packing, removing and conserving museum objects. The damaged walls of
the museum collapsed shortly after the rainy season in 2015, and we are preparing a
plan together with the DoA tackling how to safeguard and restore the remaining
parts of the museum structure. Since autumn 2015 we have collected architectural
features from the destroyed temples within and beyond the Kathmandu Durbar
Square—notably wooden beams, which had been removed by bulldozers just after
the earthquake and placed in 26 different so-called “dumping sites”. These elements
were recorded, analyzed, cleaned and restored, in order to be reused in their original
locations.

Several institutions found out that much more historical structures collapsed
compared to concrete ones and concluded that everything should be reconstructed
now in reinforced concrete, to be resistant to the next earthquake. Some even
recommended to build temples in concrete and to paste historically looking facades
in the front. It is indeed interesting to analyze the reasons behind the collapse of
innumerable historical structures, public buildings as well as private houses. Most
historical buildings are a mix of brick and sal wood, giving them strength and at the
same time the flexibility to move horizontally in the case of an earthquake. We
identified two reasons for collapse: first the fact that many historical buildings were
rebuilt after the 1934 earthquake in a quick and cheap way, mainly reducing the
amount of expensive sal wood used. Second the lack of maintenance. When it
comes to the maintenance of temples, it is necessary to prevent water penetration
from the roof and the bottom as well as exchanging deteriorated parts in order to
keep buildings strong and resistant.

Overall, less concrete buildings collapsed because most of them were relatively
new—Kathmandu’s population has risen within the last 10 years from 600,000 to 3
million. It is common knowledge that concrete has a life expectancy normally
limited to 50–70 years—a period, too short for heritage buildings. We therefore
plead in the context of Nepali heritage buildings using as far as possible traditional
building methods, which can be adapted on a case-to-case basis, and to systemat-
ically invest in the maintenance of buildings.

I began the article, by asking what were the reasons for the delay in rebuilding
cultural heritage. The first is that the proclamation of the Constitution in September

1ICOM: International Council of Museums.
2ICCROM: International Centre for the Study of the Preservation and Restoration of Cultural
Property.
3ICOMOS: International Council on Monuments and Sites.
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2015 triggered the blockade of the border with India for six months, resulting in
severe shortage of imported goods and in particular a major fuel crises. This
stopped most reconstruction projects. The rather unstable political situation and
lengthy bureaucratic government approval procedures are another factor.
Furthermore, heritage restoration mostly requires long preparations, such as exca-
vations to see whether the foundations are stable, inventory and analysis of
architectural elements, which can be re-used. An individual rebuilding plan has to
be prepared for each monument, as each has its particular problems.

UNESCO participated in revising the heritage building codes, with the purpose
of rebuilding better and earthquake resilient structures while respecting traditional
building materials and techniques—for the moment only available in Nepali
language.

In the fields of Education and Culture, UNESCO Kathmandu participated in the
Post Disaster Needs Assessment, PDNA, which was a major challenge, not only
due to the short timeframe—one-week preparation plus 3 weeks work—but also
because of the lack of much needed information. The needs assessment was the
basis for the donors’ conference held on 25 June 2015, and the establishment of the
government budget.

The assessment found that out of 691 damaged historic buildings in 16 districts
—131 fully collapsed and 560 were partially damaged. Total needs identified by
PDNA in the field of Culture were over $200 million. This included not only the
reconstruction of collapsed buildings, but also the consolidation of still standing
structures, the strengthening of the Department of Archaeology, the restoration of
damaged monasteries (which are often no historical buildings), the rehabilitation of
intangible heritage and valorization of the arts and crafts.

Since then, it has been a challenge to integrate PDNA results into policy and
implementation in the present context of Nepal. The National Reconstruction
Authority with a mandate to coordinate structural assessments and reconstruction,
formed by the Cabinet, took many months to become operational and underwent
many structural and staff changes. Another concern for UNESCO is the govern-
ment’s bidding process, which has to be applied to modern and historical structures,
and which awards the contract to the lowest bidder, who cannot ensure best quality
standards. This is not suitable for cultural heritage buildings and UNESCO is
advocating for a change in the bidding rules and respect of international conser-
vation standards.

The culture sector in Nepal is recognized by politicians, the media and certain
donors an essential development factor—mainly through tourism and employment
generation—as well as a source of national pride. There is also quite a lot of donor
interest in the field of culture after the earthquakes that hit the country. So far,
UNESCO has obtained funds-in-trust from the governments of Japan and Flanders,
as well as from the Hong Kong based Fok Foundation and the Chinese province of
Hainan. Many other donors have established bilateral collaborations with UNESCO
including the USA, Germany, Austria, India, China, the US based Global Heritage
Fund and others. UNESCO cooperates with most of these donors, provides tech-
nical advice to them and the government. In parallel UNESCO continues
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implementing own consolidation and restoration projects at Swayambhu,
Hanumandhoka, Jagarnath, Gopinath, Patan and Changu Narayan. If funding will
be available, we intend to carry out a pilot restoration project in Sankhu, a medieval
Newari city in the east of Katmandu, which is on the tentative list for World
Heritage inscription (UNESCO 2017). Jointly with the Department of Archaeology,
UNESCO has initiated a large documentation project for the creation of a holistic
cultural heritage inventory, run on the Arches platform. UNESCO has also close
cooperation with international institutions, such as ICOMOS, ICOM, SOAS,4

ICCROM.
What is more, we have obtained excellent documentation of most monuments

with old photographs, drawings, plans and measurements. Many architectural ele-
ments have survived the earthquake including statues, sculptures, carved wooden
beams, corner stones, lintels and so forth. Despite the challenges, we remain
optimistic that through collective efforts, Nepal’s historical buildings will be
reconstructed and consolidated. As the saying of people affected by the disaster
was, Nepal will rise again.
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Heritage and Reconstruction:
Different Perspectives

Luigi Petti, Claudia Trillo and Martina Di Mauro

Abstract Heritage is the physical expression of the cultural identity of local
communities and in most cases it is a key factor supporting the development of the
local economy. Due to its own nature, heritage is a non-renewable patrimony to
protect for the future generations. The purpose of this paper is to describe recon-
struction issues for urban conservation in historic cities, which have been led to
destruction by accident, because of flooding, earthquakes, storm, fires, and also war,
pointing out the association between conservation and development. In so doing,
the paper will focus on the case study of a city listed in the World Heritage
List, Kathmandu. A further matter concerns the controversial approach of recon-
struction: while restoration aims to bring a monument back to its original state or
preserve from further damage, reconstruction instead is accomplished on buildings
that are destroyed or constituted of just limited ruins, sometimes even requiring the
construction of a new building. After the Second World War the patrimony of the
European historic cities was severely damaged, making the population aware of
their loss of cultural and national identity and opening the international debate on
the proper techniques and theories that should be applied. When it comes to his-
torical cities, rather than a single monument, it does not involve just the physical
appearance and the historical value but might allow to reinstate the socio-economic
condition and the cultural identity of a place after a period of decline.
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1 Reconstruction: An Approach for Conservation

According to current theories, reconstruction is an acceptable approach in heritage
conservation when it concerns the rebuilding of monuments and sites that have
been destroyed by accident, by natural calamity such as an earthquake, or by war
referring to tangible proof (Petzet 2004). Especially the repercussions of the First
and Second World Wars and the destruction of the historic part of the cities spread
across the inhabitants the awareness of the loss of their heritage and the need of
recovering their past (Smets 1987) allowed the legitimization of reconstruction and
the diffusion of several rebuilding works.

Remarkable examples are the Horyu-ji Temple at Nara in Japan, destroyed by a
fire in 1949 and rebuilt in 1954, the reconstruction in 1908 of the Campanile of San
Marco in Venice after its sudden structural collapse, the Old Bridge at Mostar
destroyed in 1993 due to the war of Balkans and the Frauenkirche in Dresden
destroyed during the Second World War (Stanley-Price 2006).

The term “reconstruction” owes its negative sense to the several restorations of
ruins made in the 19th century and based on Viollet-le-Duc’s theory. According to
his concept of restoration, based on the monument’s integrity and the achievement
of the “stylistic unity” to restore a building is “not to maintain it, repair it or
refurbish it, it means to re-establish it to a state of completeness that may have never
existed, at any given moment” (Viollet-le-Duc 1990) even including those parts
designed by the previous architect but never actually realized and also adding new
parts of his own design. This attitude has been severely criticized not only by his
contemporaries, such as the art critic John Ruskin whose theories supported the
conservation of the monument’s historical matter in order to preserve its authen-
ticity (Vieira 2004), but also by twentieth-century critics and restorers who believed
that his restorations were mainly creative and based on his personal ideal of Middle
ages instead of historical evidences.

In Italy, the architect and art critic Camillo Boito, with his theoretical approach
known as philological restoration, can be considered a mediator between the con-
ceptions of his contemporaries on architectural restoration. His theory is exposed in
the document called “Prima carta del Restauro” presented at the III Conference of
Architects and Civil Engineers of Rome in 1883. In brief, he criticized the “mis-
construction” of the monument, which should be considered as ‘‘a book, that I want
to read without cuts, retouching and rehashes’’. He asserted that the only way to
avoid imitation was to make noticeable the new intervention ‘‘so that everyone can
recognize it as a modern work” (Piazza and Riggio 2007). His position has been
recorded in article 12 of the Venice Charter. In 1933, the Charter of Athens referred
to the technique of anastylosis, a sort of reconstruction applicable in the occurrence
of archaeological sites: “In the case of ruins…steps should be taken to reinstate any
original fragment that may be recovered (anastylosis) wherever this is possible”
(CIAM 1993).

Also The Charter of Venice of 1964, which is still one of the most influential
conservation document internationally accepted (ICOMOS 1990), allows this
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method concerning archeologic ruins in art. 15: “All reconstruction work should
however be ruled out a priori. Only anastylosis, that is to say, the reassembling of
existing but dismembered parts can be permitted. The material used for integration
should always be recognizable and its use should be the least that will ensure the
conservation of a monument and the reinstatement of its form.” However, the chart
still maintains a restrict attitude regarding reconstruction in general as conservation
should “respect for original material and authentic documents. It must stop at the
point where conjecture begins, and in this case moreover any extra work which is
indispensable must be distinct from the architectural composition and must bear a
contemporary stamp. The restoration in any case must be preceded and followed by
an archaeological and historical study of the monument” (art. 9) and “replacements
of missing parts must integrate harmoniously with the whole, but at the same time
must be distinguishable from the original so that restoration does not falsify the
artistic or historic evidence.” (art. 12)

The cautious approach reconstruction proposed with the Venice Charter has
been evoked in the numerous following documents. Actually, in the document of
the World Heritage Convention of 1972 which sets the criteria of inscription of
cultural properties in the World Heritage List of the UNESCO is stated ‘‘that
reconstruction is only acceptable if it is carried out on the basis of complete and
detailed documentation on the original and to no extent to the conjecture’’ (§ 73.9.
b.2 World Heritage criteria).

Another example is the revised version of the Burra Charter of
Australia ICOMOS of 1999, originally developed in Australia but internationally
considered valid (Stanley-Price 2009) and appropriate, which states that:

Article 1.8.

Reconstruction means returning a place to a known earlier state and is distinguished from
restoration by the introduction of new material into the fabric.

Article 20. Reconstruction.

20.1. Reconstruction is appropriate only where a place is incomplete through damage or
alteration, and only where there is sufficient evidence to reproduce an earlier state of the
fabric. In rare cases, reconstruction may also be appropriate as part of a use or practice that
retains the cultural significance of the place.

20.2. Reconstruction should be identifiable on close inspection or through additional
interpretation.

The common principle which led all the charters is still valid in the most recent
World Heritage Operational Guidelines of July 2015 that consider “reconstruction
of archaeological remains or historic buildings or districts is justifiable only in
exceptional circumstances” and “is acceptable only on the basis of complete and
detailed documentation and to no extent on conjecture.”

In any case, it cannot be considered a simple action of rebuilding. While
reconstruction, considered a proper restauration technique, has philological bases
(iconographic, written, or material evidence) rebuilding does not necessarily take
into account evidences of the previous state (Piazza and Riggio 2007). In order to
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avoid improper interventions realized in spite of the lack of evidence, the matter of
authenticity has become of increasing importance in the recent past years.

The Venice Charter in 1964 was the first international document to mention the
concept of authenticity in the field of cultural heritage (Nezhad et al. 2015) in its
preamble declares that: “The common responsibility to safeguard them (the mon-
uments) for future generations is recognized. It is our duty to hand them on in the
full richness of their authenticity”.

Later, in 1977 the World Heritage Committee of UNESCO stated authenticity as
a requirement for the inscription in the World Heritage List introducing a “test” for
the assessment explained in article 9 of the Operational Guidelines made up of four
different criteria: Design, Materials, Workmanship and Setting. It is relevant to
point out that these four attributes are concerning just tangible aspects of the
heritage (Denyer 2011). The first serious discussions and analyses regarding
intangible heritage emerged just in 1994 with the World Heritage Convention held
in Nara (Japan), which stated in article 7 of its declaration that: “All cultures and
societies are rooted in the particular forms and means of tangible and intangible
expression which constitute their heritage, and these should be respected.” On these
basis, Japan was the first nation in the world to institute in its legislation the legal
protection for intangible cultural heritage with the Japanese Law for Protection of
Cultural Properties in 1998 (Jokilehto 2006).

Concerning reconstruction Japan has always had a different attitude compared to
the Western society: the best examples are the temples in Ise, which are demolished
and completely rebuilt every twenty years, symbolizing the renewal of the imperial
family (Adams 2013). These religious traditions have led to a different approach
regarding authenticity (Hourbart and Dawans 2011).

Consistently the Nara Document asserted that the assessment of authenticity
could not be regulated by fixed criteria but had to take into account cultural dif-
ferences and peculiarities (Jokilehto 2013):

Art.11: All judgements about values attributed to cultural properties as well as the credi-
bility of related information sources may differ from culture to culture, and even within the
same culture. It is thus not possible to base judgements of values and authenticity within
fixed criteria. On the contrary, the respect due to all cultures requires that heritage prop-
erties must be considered and judged within the cultural contexts to which they belong.

Art.12: Therefore, it is of the highest importance and urgency that, within each culture,
recognition be accorded to the specific nature of its heritage values and the credibility and
truthfulness of related information sources.

Likewise, in 2000 the Charter of Riga on authenticity and historical recon-
struction in relationship to cultural heritage has declared in article 6 that recon-
struction could be acceptable in exceptional circumstances, such as a human or
natural disaster (Hourbart and Dawans 2011) “when the monument concerned has
outstanding artistic, symbolic or environmental (whether urban or rural) signifi-
cance for regional history and cultures; provided that:
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– appropriate survey and historical documentation is available (including icono-
graphic, archival or material evidence);

– the reconstruction does not falsify the overall urban or landscape context; and
– existing significant historic fabric will not be damaged; and
– providing always that the need for reconstruction has been established through

full and open consultations among national and local authorities and the com-
munity concerned.”

Basically, the charter of Riga laid the theoretical groundwork in order to justify a
more permissive approach compared to the attitude set in the chart of Venice and
establishing a new philosophy based on more permissive criteria (Dushkina 2005).

Contemporary to the Riga Charter, in 2000 the Charter of Cracow recognised for
the first time the legitimate use of a reconstructive approach to restoration in case of
damage caused by war: “Reconstruction of an entire building, destroyed by armed
conflict or natural disaster, is only acceptable if there are exceptional social or cultural
motives that are related to the identity of the entire community.” (András 2002).

Having discussed the principles stated in the most important and international
documents, it is possible to identify the common criteria that legitimate reconstruc-
tion as an appropriate approach in heritage conservation, which is legitimate when:

– Occurred rare and calamitous events;
– Monuments are completely destroyed, testified by very bare remining tangible

matter;
– Consistent documentation is available in order to lead the reconstruction process

(Stanley-Price 2006).
– The following table summarises the principles stated in the most important and

international documents (Table 1).

2 Reconstruction as a Tool for Cultural
and Economic Regeneration

The previous paragraph has exhaustively examined the physical process of
rebuilding. However, when the action of reconstructing depends on the event of a
natural disaster, such as an earthquake, or of an armed conflict its effects are not
limited to tangible matter of the heritage but it implies the regeneration of the
social- economic condition of an area and the cultural identity of the local popu-
lation after a crisis (Jokilehto 2013).

After the Second World War the patrimony of the European historic cities was
severely damaged and in some cases such as London, Dresden, Warsaw and
Florence extensively destroyed. Therefore, the restauration could be explained not
only by cultural and intellectual reasons but also psychological motivations.

In those exceptional cases the principles of the philological restoration based on
the minimal intervention and the neutral addition stated in the document called
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Table 1 Summary of the principles stated in the most important and international documents

Charter Proposed policy and recommendation on reconstruction

Charter of Athens (1933) “In the case of ruins, scrupulous conservation is necessary,
and steps should be taken to reinstate any original fragments
that may be recovered (anastylosis); the new materials used
for this purpose should in all cases be recognisable”

Charter of Venice (1964) (art. 15) “All reconstruction work should however be ruled out
a priori. Only anastylosis, that is to say, the reassembling of
existing but dismembered parts can be permitted. The material
used for integration should always be recognizable and its use
should be the least that will ensure the conservation of a
monument and the reinstatement of its form”
(art. 9) “respect for original material and authentic
documents. It must stop at the point where conjecture begins,
and in this case moreover any extra work which is
indispensable must be distinct from the architectural
composition and must bear a contemporary stamp. The
restoration in any case must be preceded and followed by an
archaeological and historical study of the monument”
(art. 12) “replacements of missing parts must integrate
harmoniously with the whole, but at the same time must be
distinguishable from the original so that restoration does not
falsify the artistic or historic evidence”

WH Convention (1972) ‘That reconstruction is only acceptable if it is carried out on
the basis of complete and detailed documentation on the
original and to no extent to the conjecture’’

Burra Charter of
Australia ICOMOS (1999)

“Article 1.8: Reconstruction means returning a place to a
known earlier state and is distinguished from restoration by
the introduction of new material into the fabric
Article 20. Reconstruction
20.1. Reconstruction is appropriate only where a place is
incomplete through damage or alteration, and only where
there is sufficient evidence to reproduce an earlier state of the
fabric. In rare cases, reconstruction may also be appropriate
as part of a use or practice that retains the cultural significance
of the place
20.2. Reconstruction should be identifiable on close
inspection or through additional interpretation”

Charter of Riga (2000) (art.6) Reconstruction could be acceptable in exceptional
circumstances, such as a human or natural disaster “when the
monument concerned has outstanding artistic, symbolic or
environmental (whether urban or rural) significance for
regional history and cultures; provided that:
(1) appropriate survey and historical documentation is

available (including iconographic, archival or material
evidence);

(2) the reconstruction does not falsify the overall urban or
landscape context; and

(3) existing significant historic fabric will not be damaged; and
(continued)
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“Prima carta del Restauro” in 1883 and reaffirmed in 1931 in the charter of Athens
were completely inadequate as the reconstruction would have affected vast urban
areas, not only small parts of an individual monument (Varagnoli 2015).

As a result of the absence of an appropriate regulation different approaches have
been used in each city. The analysis of disparate interpretations of the recon-
struction issue given in Italy, Poland and Germany (the countries most effected by
the war destruction) may be considered the base on which the modern theories on
restauration and reconstruction of the historic cities have been built.

In Dresden, where 85% of the town was destroyed by allied bombing in 1945,
monuments were rebuilt in order to imitate the previous image of the historic center
tied to sentimental connection with the destroyed heritage.

In Warsaw, the Old Town was destroyed by the enemy, aspiring to the can-
cellation of the Polish cultural identity. That is why it was rebuilt not as it appeared
just before the war but in its eighteenth-century image, when the town was free
from the invaders and living its most prosperous period in order to re-establish the
Polish national identity (Talò 2012).

In Florence, the German army destroyed five of the six bridges of the town. The
only one to be saved was Ponte Vecchio, nevertheless the historic buildings on the
river sides was severely damaged. The bridges have been rebuilt as they were
before the attack, instead the urban area has been reconstructed according to the lost
volume but in modern forms, due to providing new houses and improving the living
conditions (Larkham et al. 2014).

Different was the case of London, where the war destruction has been considered
as an opportunity of change (Bullock 2002): the design of new buildings took
inspiration from modern style although the still standing old churches were kept as
an element of continuity in this new urban context (Jokilehto 2013).

In spite of these famous examples, in all Europe inappropriate reconstruction
activities have been conducted led by the population’s awareness of their loss of

Table 1 (continued)

Charter Proposed policy and recommendation on reconstruction

(4) providing always that the need for reconstruction has been
established through full and open consultations among
national and local authorities and the community
concerned”

Charter of Cracow (2000) “Reconstruction of an entire building, destroyed by armed
conflict or natural disaster, is only acceptable if there are
exceptional social or cultural motives that are related to the
identity of the entire community”

World Heritage Operational
Guidelines (2015)

“Reconstruction of archaeological remains or historic
buildings or districts is justifiable only in exceptional
circumstances” and “is acceptable only on the basis of
complete and detailed documentation and to no extent on
conjecture”

Source Authors’ elaboration
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cultural and national identity, opening the international debate on the proper
techniques and theories that should have been applied.

In 1976, the UNESCO Recommendation concerning the Safeguarding and
Contemporary Role of Historic Areas emphasized that “throughout the world, under
the pretext of expansion or modernization, demolition ignorant of what it is
demolishing and irrational and inappropriate reconstruction work is causing serious
damage to this historic heritage” (UNESCO 1976).

Later, the matter of appropriate reconstruction of historic heritage wrecked by
war was discussed in the ICOMOS symposium in Dresden in November 1982
(Jokilehto 2013), which produced a document in form of operative guidelines
whose article 8 sets “The complete reconstruction of severely damaged monuments
must be regarded as an exceptional circumstance which is justified only for special
reasons resulting from the destruction of a monument of great significance by war.
Such a reconstruction must be based on reliable documentation of its condition
before destruction.”

When it is applied according to the appropriate approach reconstruction is not
only a way to restore the cultural identity but also to led a process of economic
regeneration since heritage has an important economic impact because it “consti-
tutes a powerful driving force of inclusive local and regional development and
creates considerable externalities, in particular through the enhancement of sus-
tainable cultural tourism” (Council of the European Union 2014) and produces an
economic benefit for the public or private authorities that manage it (Stanley-Price
2006) adding tangible economic value to cultural resources (UNEP 2005).

The relationship between national identity and tourism promotion can be clari-
fied looking at the experiences in Easter Europe had after the war of political
separation of Yugoslavia (1991–2001) where reconstruction had the double aim of
recreating the national identity and the economic conditions, in order to renovate
the importance as a touristic attraction held by Yugoslavia in the previous decade
(Hall 2002).

The attack on Dubrovnik, Croatia, is a distinct case compared to the other
destructions made in the Balkans: it had the clear intention of reducing the touristic
potential of the destination, famous to be the image of Croatia in Western Europe,
and prevent its economic income (Wise and Mulec 2015).

For this reason, the restoration that involved of the roof line of Dubrovnik is
considered a remarkable example of economic regeneration.

The town old Dubrovnik was born in the thirteenth century but widely devel-
oped only during the fourteenth and fifteenth when it prospered as the capital of the
maritime Republic of Ragusa. It had been completely destroyed on the 6th April
1667 and successively rebuilt in baroque style.

Other two earthquakes on 15 April 1979 and 25 May 1979 caused damage to
1071 structures (UNESCO 1993) and several others were completely destroyed. In
the same year, it became a World Heritage Site and the restoration continued until it
had to stop in October 1991 because of the civil war of Yugoslavia. The bom-
bardments, protracted until June 1992, worsen the damage owed to the earthquake
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of 1979. The worst shelling took place on 6 December 1991 and in the same month
Dubrovnik was added to the list of World Heritage in Danger.

The bombing damaged around 69% of the rooftops for an overall surface of
40,693 m2 (UNESCO 1993). These architectural elements, made of brick tiles,
have always characterized the visual impression of the town, needed an immediate
rebuilding.

The recostuction precess started right after the shelling by virtue of UNESCO
founding. The selected approach followed the stylistic type of restauration: the new
building elements of the roofes were chosen in order to recreate as close as possible
the ‘Dubrovnik-type’, both the new tiles and the stone eaves (UNESCO 1993).

On the 15th December 1995, the pace was signed in Paris. In the following
summer of 1996 started a period of healing and recovering beyond, focusing on
tourism. By the summer of 1998, tourisms resurgence began as visitor increased,
demonstrating that the efforts to recreate the landscape using original, or similar,
materials could be successful (Wise and Mulec 2015).

3 TheCase Study: TheHistorical City of Kathmandu, Nepal

In the first decades of the twentieth century Nepal was mostly constituted of rural
areas and the issue of heritage conservation was not sufficiently evaluated.

The Department of Archaeology was established just in 1952 (Chapagain 2008),
carrying out several works of repair and maintenance on the cultural heritage, and
the site of the Kathmandu Valley was declared a protected monument zone under
the national Ancient Monument Preservation Act of 1956.

In 1978, Nepal became part of the UNESCO’s Convention for the Protection of
the World Cultural and Natural Heritage and subsequently Nepal’s application
seven monument sites in the Valley (the three Durbar Squares, Pashupatinath,
Bouddha, Changu Narayan and Swoyambhu) were enlisted in the World Heritage
Sites in 1979. Nevertheless, since the first years right after the inscription, the
sudden economic development and demographic pressure have threatened its
integrity and authenticity: just few monuments of the Malla and Shah dynasties
(VX–XVIII centuries) survived while their urban setting was destroyed by the
illegal demolitions and reconstructions of buildings in reinforced concrete (Rossato
2008).

In 1992, Kathmandu has been the setting of the Wood Committee of the
ICOMOS meeting regarding the restoration of the Baha Bahi monastery, bringing
forward the discussion which led to the Nara Document of Authenticity in 1994
(UNESCO 2015).

In 1993, the World Heritage Committee at its seventeenth session declared its
concern about the state of conservation of Kathmandu Valley site and considered to
include the site in the List of World Heritage “for the ongoing degradation and
demolition of monuments and historic buildings in the Kathmandu Valley, due to
weak legislation and lack of adequate protective measures, as required in the
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Convention” (UNESCO 1993). Actually, the decision was formalized only in 2003,
after several reports of conservation, as “the traditional elements of heritage of six
of the seven Monument Zones had been partially or significantly lost since the time
of inscription, resulting in a general loss of authenticity and integrity of the property
as a whole” and “the threat of uncontrolled development has persisted, which
continuously decreases the urban landscape and architectural fabric of the property”
(UNESCO 2003).

When Kathmandu Valley was placed on the List of World Heritage in Danger,
the World Heritage Committee demanded Nepal to draft an Integrated Management
Plan (IMP) in order to “redefine the core and support zones of all Monument Zones,
accompanied with management mechanisms to adequately conserve the remaining
World Heritage value of the property in the long term” (UNESCO 2003), redefining
boundaries and creating buffer zones.

The IMP was edited between 2004 and 2007, when it became effective. This
then led to the removal of Kathmandu Valley from the List of World Heritage in
Danger in 2007.

The ‘Nepali’ architecture, also known as the ‘Newari’, differs considerably from
the typical style of the neighboring cultures, although the remarkable influence of
the Indian culture with whom it shares the religion.

The Kathmandu valley has always supplied clay to product bricks and shingles
and at the same time the blooming woods of surrounding hills are a source of wood
(Marino and Pietrammellara 2007). The traditional architecture is symbolized by
the high building structure known as “Pagoda”. It is multi-tiered roofed temple
(Dixit et al. 2004), built during the period of Malla dynasty (1200–1768) (Shakya
et al. 2014) affecting the constructions of analogous structures in India and China.

The concept of restauration valid in the Eastern cultures, including the Nepali, is
considerably different from the principles and ideals developed in Europe as dis-
cussed in the second paragraph. The aim is to maintain it over the centuries the use
of a certain monument as its custom was rather than to preserve it as an authentic
evidence of the past. This is strictly related to the religious belief in reincarnation:
as the human being will be reincarnated, the monument will be re-built in the same
shape and with the same materials.

This is a “destructive” approach to conservation. The demolition of the original
building and the consequent reconstruction is considered a valid way to ensure its
survival in the same shape and use, replicating the original model in the same
materials and techniques (Marino and Pietrammellara 2007).

This methodology implies that most of the heritage recovered according to this
approach cannot be considered authentic as this definition, in its Western meaning,
is attributed to the original building.

The choose of Nepal as a case study is completely appropriate as its heritage has
been gone through several modifications and reconstructions during its history, due
to both the materials of its construction, which turned out to be not particularly
resistant to the weather conditions needing periodical replacement, and its setting as
the Kathmandu valley is placed in an earthquake prone area (Tiwari 2012). Just the
most recent are: the magnitude 6.9 earthquake on the 18th September 2011
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(Shakya et al. 2013) and the 7.8 magnitude earthquake on the 25th April 2015, with
the epicenter in Gorkha district, 80 km northwest of Kathmandu.

There are also evidences of occurred earthquakes for at least each century, such
as the ones of 1833 and 1934. Each destructive event has led to a phase of
reconstruction or ‘Cyclical Renewal’ in order to recovery from the effects of the
earthquake. In particular, after the great earthquake of 1934 most of the monuments
of the Valley have been restored: some of them have been re-built reproducing their
original form, some of them reconstructed adopting variation (e.g. the
Chaturmukhalinga Mahadev Temple in Hanuman Dhoka and the Fasi Dega Temple
in Bhaktapur) and moreover few of the destroyed ones have never been re-built
(e.g. the Hari Shankar Temple in Bhaktapur) (UNESCO 2015).

An example of how reconstruction was usually realized is the case of the
‘55-Window Palace’. This monument, built in 1697 a.D., suffered of the collapse of
the wood frame of its second floor due to the earthquake of 1934. The restauration
was managed using wood elements and windows works rescued from the ruins
(Govinda Sherestha 2006), more likely in order to deal with the lack of material to
build new structures than for the will of preserving their authenticity (Tiwari 2016).

The works had been done in the shortest time possible but during the following
works of restauration of the palace “it was found that many wooden elements that
were reused after the hasty reconstruction in 1934 were replaced in the wrong
position or direction, contrary to traditional construction practice. It was decided to
rectify this during the restoration process” (UNESCO 2015).

In some occasions, instead of restauration, the used approach dealt with the
replacement of an entire building. An example is the god-house of the goddess
Tripurasundari in Bhaktapur.

The monument, until the beginning of the 2000s, was made up of nine different
structures: one original dating back to the eighteenth century, four reconstructed after
the 1934 earthquake and other three demolished and renovated in the 1970s due to a
planof refurbishment and restoration supported byGerman founding (Gutschow2016).

Nevertheless, the site was included in the World Heritage List in 1979 as “the
authenticity of the ensembles has not been affected, even though there are some
illegal constructions” and “ensembles represent an exceptional testimony to the
traditional civilization of Kathmandu Valley in Nepal. The coexistence and amal-
gamation of Hinduism and Buddhism with animist rituals and Tantrism is con-
sidered unique. ICOMOS considers that this criterion could continue to be valid for
some of the original areas and revised areas” (UNESCO 2007).

The god-house of the goddess Tripurasundari was dismissed and rebuilt during the
years 2006–2008 by the local municipal heritage office. The intervention, which
realized a building “four feet higher and more elaborate than its predecessor”
(Glendinning 2013), was supported by touristic incomes and found its theoretical
motivation in the criteria of ‘spirit and feeling’ (Gutschow 2016) stated in the art 82 of
the 2005 World Heritage Operational Guidelines as: “Depending on the type of
cultural heritage, and its cultural context, properties may be understood to meet the
conditions of authenticity if their cultural value (as recognized in the nomination
criteria proposed) are truthfully and credibly expressed through a variety of attributes
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including: form and design; materials and substance; use and function; traditions,
techniques and management systems; location and setting; language, and other forms
of intangible heritage; spirit and feeling; other internal and external factors.”

4 Remarks and Recommendations

In recent years, conservation of historical urban landscape is gaining significant
attention, also elicited by the World Heritage Committee work. The international
conference on World Heritage and Contemporary Architecture—Managing the
Historic Urban Landscape held in Vienna in May 2005 played an important role in
this process. As a major result of this conference, the document called ‘Vienna
Memorandum’ was adopted. This document introduced a new concept, by rec-
ommending sustainable development of the new urban developments in order to
preserve the integrity of the historic urban landscape (UNESCO 2010).

Between 2005 and 2010, several regional meetings on historic urban landscapes
followed the Vienna conference. After five years of debate, the UNESCO adopted a
new recommendation on the subject of conservation of historic urban landscapes,
i.e. the Recommendation on the Historic Urban Landscape on the 10th November
2011, which sets in article 22 some important guidelines for the interventions:
“Conservation of the urban heritage should be integrated into general policy
planning and practices and those related to the broader urban context. Policies
should provide mechanisms for balancing conservation and sustainability in the
short and long terms. Special emphasis should be placed on the harmonious,
integration of contemporary interventions into the historic urban fabric.”

Currently international consensus exists on:

– the belief of preserving towns and cities as a combined expression of tangible
and intangible heritage;

– the need for a holistic methodology for towns and cities preservation, including
physical, social and economic factors;

– the requirement of including different governmental levels and expertise in the
process necessary to programme towns and cities preservation.

The case study of Kathmandu shows the relevance of a place-specific approach
to conservation. According to the Western culture, the Nepalese approach wouldn’t
be acceptable; however, due to the historical context, reconstruction follows a
cultural pattern perfectly acceptable in the Nepalese tradition.

The Nepalese conservation procedure deeply depends on the particular culture,
the traditional materials and the urban context and should aim at combining the
social and cultural values with the conservation needs, providing guidance for the
decision-making process (Tiwari 2012).

Regarding the opportunity of using new materials and techniques as proposed in
article IV of the 1930 Charter of Athens, the experiences of modern architecture
proved that reinforced concrete, especially when it not properly realized, is not as

112 L. Petti et al.



durable as it was considered when it was invented: “The experts heard various
communications concerning the use of modern materials for the consolidation of
ancient monuments. They approved the judicious use of all the resources at the
disposal of modern technique and more especially of reinforced concrete.”

Moreover, several restauration conducted after the disruption of the Second
World War have underlined the damages that can occur in a structure where
concreate is not compatible with the original material.

These were the reason why the following 1964 Venice Chart introduced in
article 9 a more cautious approach on the convenience of using new materials:

Where traditional techniques prove inadequate, the consolidation of a monument can be
achieved by the use of any modern technique for conservation and construction, the efficacy
of which has been shown by scientific data and proved by experience.

It is clear that, in the appropriate situations and condition, the use of traditional
material instead is strongly supported and recommended.

The appropriate methodology of reconstruction, especially for the areas likely to
be subject to natural hazards, can be improved thanks to models of “best practice”
for what concerns risk prevention and reduction, emergency measures and opera-
tional management.

ICOMOS Italia, following the earthquakes in Italy on the 20th and 29th May
2012, has identified a list of actions, aiming to recover historical urban areas,
promote traditional techniques and materials, include different levels of decision
makers and promote correct planning policies.

The proposed actions (ICOMOS 2012) include:

– To enlist the heritage on the basis of the priority in case of a catastrophic event;
– To arrange the rational reconstruction of urban areas in advance at the planning

level, taking into account redevelopment and conservation needs;
– To maintain periodically the buildings, in order to prevent further damage;
– To ensure the compatibility and reversibility of both temporary and permanent

interventions on heritage which should preserve the existing structures and
guarantee the usability;

– To promote the participation of private founds to economically support the
conservation of cultural heritage;

– To extend the knowledge related to seismic behave of traditional structures, both
monumental and residential.

As the recommended strategy is general, it could be possibly identified as a “best
practice” and be applied also in Nepal.

Moreover, relating specifically to this case study, it could be definitely appro-
priate to create a governmental group involving also local stakeholders, in order to
establish policies concerning reconstruction, conservation and restauration. The
group could be supported by technical and scientific committee, which can interact
with international specialists so as to benefit from the rest of the several successful
experiences accomplished in the other parts of the world.
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Can We Prevent Structural Failure Under
Earthquakes?

Uwe E. Dorka

Abstract Discussing the needs of the prevalent structural concept (the reinforced
concrete frame with masonry infill: RCF) during the design and building process in
order to provide adequate safety under earthquake loading, the robustness of this
concept is called into question. It is concluded that, as long as we continue to build
in this way, un-manageable earthquake disasters will strike our large urban centres.
During the past two decades, new structural concepts have emerged that are not
only more robust then RCF but also more economical to build. Among these are
reinforced masonry, confined masonry and so-called seismic control concepts like
Base Isolation, Hyde System and Tendon System. These concepts, their applica-
tions and advantages are briefly presented, also in the context of historical struc-
tures. For these, the Tendon System is particularly suitable, but basic understanding
of the seismic performance of historic structures is missing. This is particularly true
for Nepalese pagodas. It must be investigated using full-scale shaking table tests
before any intervention or reconstruction should be allowed. Finally, strategies are
suggested how to promote these concepts in order to substitute RCF eventually. If
successful, widespread structural failures under earthquakes will become history.

Keywords Earthquake robustness � Earthquake codes � Reinforced
masonry � Confined masonry � Seismic control � Historic structures

1 Building Practice Versus Earthquake Safety

Earthquakes don’t kill – structures do!

On and again, this famous quote has proven its validity with every major
earthquake in this world. And it will continue to do so unless it is finally recognize
what is really wrong with our building practice in earthquake prone regions.
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The disaster management community only calls for the enforcement of building
codes. If these rules are met, an earthquake safe environment is secured. But
modern earthquake codes are not “codes of practice” (as they should be), since
actual building practice usually violates these rules. Only two (albeit very impor-
tant) examples are given here to illustrate this.

The first example is the reinforcement in typical concrete structures. Today,
about 80% of all structures in the world are reinforced concrete frames (RCF) with
masonry infill. This structural concept is architecturally versatile and cheap to build.
It is a development from non-seismic countries, especially France and Germany:
The first reinforced concrete structures were small bridges for parks in France by
Joseph Monier in the late 18-hundreds. In Germany, Gustav Adolf Wayss and
Conrad Freytag learnt about Monier’s technology and introduced it into mainstream
building practice. It is a very robust structural concept for regular load cases (like
dead, wind or snow loads), but requires very intricate detailing of the reinforcement
for earthquakes. Figure 1 compares the required reinforcement and it’s detailing of
a code compliant frame corner (Fig. 1a) with typical building practice found in
most regions of this world (Fig. 1b). Typically, the required reinforcement is very
dense and has details that are very difficult to execute, like closing the hooks at the
end of stirrups, ensuring that the stirrups are in the right place (with a required
spacing of around 50 mm, a 10 mm deviation already makes a big difference) or
even placing the bend bars in the corner with enough space in-between to pour and
compact the concrete correctly. All these details are necessary for a frame corner to
perform properly during an earthquake. If they are not correct (like in Fig. 1b), it is
very likely that such a corner will fail and with it, the whole structure. And there are
hundreds of such details in any regular RCF building. Basic probability consider-
ations tell us that there is a good chance that several of them are wrong, even if
qualified workmanship is considered. This makes RCF a structural concept with
very little robustness under earthquakes and an impractical requirement on work-
manship and quality control in most regions.

Fig. 1 Impractical code required reinforcement for earthquake safe RCF (a) versus reality (b,
from EERI slide collection)
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The 2nd example is the so-called “soft storey” (Fig. 2). It is a basic requirement
in modern architecture in order to provide parking in the ground floor or open
spaces for shops, especially in inner city buildings. Soft storeys are very dangerous
because an earthquake will concentrate all horizontal deformations there and if they
exceed the very definite storey drift limit, stability is lost and collapse is inevitable
and sudden. Building codes therefore don’t allow them but building function often
requires them. The structural engineer is left with no code provisions to design it
safely, but ends up with the responsibility for the lives lost during the earthquake.

There are many more such “impractical” issues found in our current building
codes when it comes to earthquake resistant design. So what is needed to remedy
the situation?

To begin with: more robust structural concepts are needed that do NOT

• Require intricate and impractical detailing
• Request superior workmanship, which is not available in most countries
• Require unrealistic and expensive quality control
• Or cost more than RCF (then nobody will use them)

Such structural concepts do exist! The following introduces a few of them.

Fig. 2 Soft storeys are an
important architectural
requirement. They are one of
the most dangerous features
but there are no design rules
for them in codes: Instead,
they are forbidden (from
EERI slide collection)
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2 Walls with Integrity for Earthquake Protection

The first such concept is called “confined masonry” (CM, Fig. 3a). It is mainly a
Latin American development, which is now spreading across the globe. It looks like
RCF but it isn’t. Whereas the frame in RCF is built before and the walls are then
“filled in” (which is particularly awkward for the top layer of bricks just below the
beam!), the concrete members in CM are built afterwards, locking into the walls.
Thus, they are not acting like frames, but “confine” the masonry walls in order for
them to bear the earthquake action (and not the frames, which are now to weak for
this!).

This confinement provides structural integrity during the earthquake even if one
of the walls starts to crack: it will redistribute the action to the other walls of which
there are usually plenty and thus provide robustness.

Detailing and reinforcement is simple (Fig. 3b), with very little quality control
required. Simple manuals (Meli and Brezev 2011) explain what to do even to
workmen who have little or no prior training. And it is faster and less expensive to
build than RCF!

The next (and even better) concept is reinforced masonry (RM). Figure 4 shows
a project in Chittagong, Bangladesh, which has a high seismic hazard. It requires
hollow-core blocks and preferably horizontal layers of reinforcement in the joints
(opposite to what was done there). Concrete quality and reinforcing details are even
less a concern than in CM. But like in CM, the walls take the earthquake action and
provide robustness simply by their number, enough of which is provided by typical
residential architecture.

Fig. 3 Confined Masonry (CM) (a) is more robust, requires less detailing (b) and quality control
and is more economical than RCF
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3 Seismic Control

This concept is about controlling the forces in a structure during an earthquake.
Earthquakes are very ambiguous: No one knows how much shaking the next one
will produce. But if the forces are under control in a structure, the particularities of
the shaking will not matter much, unlike in conventional RCF.

The key to achieving this is rigid body motion control. That is, to construct a
building as an assemblage of rigid bodies and control the forces between them with
suitable devices (Dorka 2004). Four basic types have evolved so far: Base Isolation,
Hyde System, Tendon System and Pagoda System (Fig. 5). The advantage of these
concepts over conventional structures becomes immediately clear, if one looks at
the energies that develop in the structure during an earthquake (Fig. 6). In a con-
ventional structure, kinetic and elastic energy alternate (as physics dictates) and
some energy is dissipated, sometimes by using additional dampers. But it is the
elastic energy that causes internal forces and stresses and the kinetic energy is a
measure of motion. Both are not only connected, but provide a considerable portion
of the total energy that goes into a conventional structure. This is mainly due to
dynamic amplification effects that occur in most structures during an earthquake.

The picture is completely different when looking at a rigid body seismic control
structure like the ones given in Fig. 5: Potential and kinetic energy are greatly
reduced (because there is no amplification) and most of the energy is mitigated in
the control devices. Thus the structure moves less and internal forces are not only
small, but suitable devices control their limits.

Among those 4 concepts, Base Isolation has the most applications in the world.
Many designers still believe that it raises the cost of construction, but this is history
long gone. It was the case when regulators did not trust this new development and
the structure had to be designed as if there was no Base Isolation. This made it more
expensive, of course. Today, all structural codes allow the designer to take full
advantage of the mitigating effects and that leads to structures that are not only
more robust, but also economically very competitive to conventional structures.

Fig. 4 In Chittagong, Reinforced Masonry (RM) proved to be even better and more economical
than CM (pictures by the author)
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Fig. 5 Controllable rigid body mechanisms for structures. Base Isolation (top left), Hyde System
(top right), Tendon System (bottom left) and two possible versions of the Pagoda System (bottom
right)

Fig. 6 Energies developing in a structure during an earthquake. Elastic and kinetic energies play
an important role in a conventional structure causing forces and deformations. They are greatly
reduced in rigid-body seismic control structures. Hyde stands for “Hysteretic device”, which can
be used to enhance damping in a conventional structure, but is better placed in a link of a seismic
control system where it takes care of most of the energy input and limits the forces in the structure
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This has been proven many times over, especially during the CASE Project in
L’Aquila (Calvi and Spaziante 2009), which provided new housing for people, who
lost their homes in the 2009 earthquake (Fig. 7). Conventional prefabricated
3-storey buildings were constructed on top of isolated plates, where parking is now
provided underneath. Conventional prefabricated buildings are very economical,
but also very dangerous during earthquakes. By controlling the maximum forces
that can enter them through lead-rubber bearings (LRBs) underneath the plate (and
keeping them small because of rigid body motion), these buildings are now more
robust but equally economical than the usual RCF.

Even simpler is the Hyde System (Dorka and Gleim 2005; Ahmed et al. 2005).
Here, a “soft storey” can be used to place simple force-limiting devices (like
shear-panels) to control a rigid body motion. Figure 8 shows a layout for a typical
residential building where the ground floor walls are only connected to the slab
above with shear panels. The motion is concentrated in this floor (the “seismic
link”) and the plastic shear force capacity of the shear panels limits the forces that
can enter the structure above. This structure now behaves like a rigid body with all
the advantages mentioned already. Because of the small and controlled forces,
simple masonry walls, preferably as reinforced masonry, will suffice, making this
concept more economical than RCF or Base Isolation. Because a lot of conven-
tional modern buildings have such “soft storeys” already (inner city buildings with
shops in the ground floor or residential buildings with parking there), the Hyde
System lends itself to an easy, robust and cost-efficient retrofitting of these build-
ings. This is very necessary, because without a Hyde System, soft-storey buildings
are some of the most dangerous buildings in the world (as has been explained
above): Hardly any survives even a moderate earthquake!

Base Isolation and Hyde System can be applied using modern codes. This is not
yet the case for the Tendon System. We are currently studying it for applications in
historic structures. The object of this study is the Neptune Temple in Paestum, Italy
(Fig. 9) in a project financed by DFG (Do360/25-1). By running a tendon through
the columns, the column motion can be stabilized.

Fig. 7 Competitive Base Isolation for new residential buildings in L’Aquila, Italy. The rubber
bearings with a lead core (LRBs) are located between columns and slab. In this “seismic link”
horizontal forces are under control (modified from Calvi and Spaziante 2009)
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This was demonstrated during so-called hybrid simulations (Obón and Dorka
2012) using a 1:3 scale column in the structures lab at University of Kassel,
Germany. The hybrid simulation coupled this specimen online to a virtual model of
all the peripheral columns and the architrave. 5 hydraulic cylinders connected to the
architrave in the lab (2 vertical and 3 horizontal ones) provided this coupling by

Fig. 8 In a Hyde System, a floor becomes the seismic link where horizontal forces are controlled
by simple shear panels. This is even more economical than Base Isolation and lends itself easily to
retrofitting soft storey buildings (from Dorka and Gleim 2005)

Fig. 9 Neptune Temple in Paestum, Italy and 1:3 scale column in the structural laboratory of
Universität Kassel, Germany. During hybrid simulations, the lab column can take any position
(indicated in green) within the virtual structure (indicated by red and yellow elements). The
mechanical properties of these elements are updated based on the behaviour of the lab column
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introducing the displacements to the specimen and feeding the resulting forces into
the virtual structure. This process is performed about 100 times a second providing
a smooth and realistic coupling between specimen and virtual structure under any
kind of earthquake input. The mechanical behaviour of the virtual columns are
updated based on the observations on the specimen. This results in a realistic
mechanical model for such structures, including the effect of a tendon.

Tendon Systems can be used with advantage in historic structures because they
do not change the historic structural concept (which also must be preserved as our
heritage, not only the architectural appearance of a building!). They only produce
forces that stabilize the motion during an earthquake. And they can be removed
easily leaving only a small hole in the centre. Thus, they are very low interference, a
basic requirement for any intervention in historic buildings. It should be possible to
stabilize pagodas, temples and palaces in Nepal with this concept. The Dharahara
Tower, if it is ever going to be rebuilt, should not be without a Tendon-System!

Before applying this concept to historic structures in Nepal, further studies
similar to the investigations on the Neptune Temple must be done:

Realistic mechanical models are needed for these structures, which must be validated by
hybrid simulation or shaking table tests before any intervention should be allowed to take
place!

This is of general importance: It applies to all structural interventions in historic
buildings. There are already too many cases in the world, where historic structures
have been damaged beyond repair by modern interventions because this principle
was not observed!

At a first glance, the Pagoda-System looks well suited to protect Nepalese
pagodas. After all, this concept is found naturally in the Japanese pagodas, which
seem to be impervious against the effects of earthquakes since they were introduced
in Japan about 1200 years ago. It is not found in modern structures and nobody is
studying it in this context. But it is a true seismic control concept relying on a
well-balanced rigid body motion (Nakahara et al. 2000) that controls the forces in
the structure (the so-called “snake-dance”, Fig. 10).

There is a profound structural difference between Nepalese and Japanese
pagodas: The Japanese pagodas are only timber structures whereas the Nepalese
ones combine a timber frame with masonry walls. Even if the timber frame could
perform the snake dance, the walls (especially if they are stiffened with modern
mortar, as has been done in some cases) may prevent this. This would amount to
forcing a conventional structural “straight-jacket” on this otherwise beautiful seis-
mic control concept. More studies are needed here to understand the seismic
behaviour of Nepalese pagodas, especially full-scale shaking table tests. Such tests
are possible e.g. at the E-Defense facility near Kobe, Japan (E-Defense 2017) or in
the multi-functional shake tables lab at Tongji University in Shanghai, China
(NEES 2012).
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4 Some Resulting Observations, Not Only for Nepal

Conventional RCF structures cannot be produced with the quality required for
earthquake safety of large numbers of buildings due to a multitude of critical
details: Too much can and will go wrong and codes alone cannot prevent this

RCF must be replaced as the main structural concept, especially in developing countries!

There are excellent alternatives, which are not only more robust but also less
expensive:

• “Wall systems with integrity”, like reinforced masonry or confined masonry
are easier to build and cheaper. They require only moderate workmanship and
little quality control.

• The “Seismic Control concepts” Base Isolation, Hyde System, Tendon System
and eventually Pagoda System utilize rigid body control, which reduces forces
and displacements and provides full control over maximum forces in a structure.
This makes these structural concepts superior in performance, robustness and
costs over any conventional structure.

Seismic Control concepts are also very suitable for historic structures, espe-
cially the Tendon System. But realistic mechanical models are needed for these

Fig. 10 Snake dance of the Japanese Pagoda during an earthquake. This rigid body motion
balances the mass effects and thus limits the forces in the structure. The Pagoda System is the
oldest (and highly proven!) seismic control system in the world (picture by the author)
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structures, which must be validated by hybrid simulation or shaking table tests
before any intervention should be allowed to take place! There are already too
many cases in the world, where historic structures have been damaged beyond
repair because this principle was not observed. It would be a pity, if this happens
again in Nepal!

How can those concepts be introduced on a large scale, which are ready for
application (e.g. confined masonry, reinforced masonry, Base Isolation and Hyde
System)?

Organizations like World Bank, UNDP, etc. should provide:

• Highly visible demonstration projects in different regions of this world, espe-
cially now in Nepal

• Easy-to-follow design and instruction manuals for engineers, contractors and
workers

• An information campaign (TV, newspapers, booklets for owners and devel-
opers etc.) on robustness and cost superiority of these concepts

The answer to the initial question: “Can we prevent structural failure under
earthquakes?” is obviously straightforward:

YES, if we change the way we built: In particular, we need to change our structural
concepts!

References

Ahmed MZ, Ahsan R, Dorka UE (2005) A possibility of using Hyde Systems for seismic safety of
soft-storey buildings in Bangladesh. In: Tahmeed M, Al-Hussaini (eds) BES-1: 1st Bangladesh
earthquake symposium, December 2005, Dhaka, Bangladesh Earthquake Society, pp 195–202

Calvi GM, Spaziante V (2009) Reconstruction between temporary and definitive: the CASE
project. J l’industria italiana del Cemento iiC 854:124–150

Dorka UE (2004) Erdbebensicherung durch Structural Control. Stahlbau 73:661–667
Dorka UE, Gleim S (2005) Hyde Systems for earthquake protection of residential buildings. In:

Wasti ST, Ozcebe G (eds) Advances in earthquake engineering for urban risk reduction. Nato
science series: IV: Earth and environmental sciences 66, Springer, Dordrecht

E-Defense (2017) http://www.bosai.go.jp/hyogo/ehyogo/index.html. Accessed 20 Mar 2017
Meli R, Brezev S (co-chairs) (2011) EERI & IAEE Confined Masonry Network: Seismic design

guide for low-rise confined masonry buildings. Available via EERI https://www.eeri.org/
products-page/world-housing-encyclopedia-2/seismic-design-guide-for-low-rise-confined-
masonry-buildings/. Accessed 20 Mar 2017

Nakahara K, Hisatoku T, Nagase T, Takahashi Y (2000) Earthquake response of ancient five-story
pagoda structure of Horyu-ji Temple in Japan. In: 12WCEE: 12th World Conference on
Earthquake Engineering, Feb 2000, Auckland

NEES (2012) Introduction to the multi-functional shake tables lab at Tongji University. https://
nees.org/site/resources/pdfs/MPSTL-Introduction-updated.pdf. Accessed 20 Mar 2017

Obón SF, Dorka UE (2012) Effects of large numerical models in continuous hybrid simulation. In:
15th WCEE: 15th World Conference on Earthquake Engineering, September 2012, Lisbon

Can We Prevent Structural Failure Under Earthquakes? 127

http://www.bosai.go.jp/hyogo/ehyogo/index.html
https://www.eeri.org/products-page/world-housing-encyclopedia-2/seismic-design-guide-for-low-rise-confined-masonry-buildings/
https://www.eeri.org/products-page/world-housing-encyclopedia-2/seismic-design-guide-for-low-rise-confined-masonry-buildings/
https://www.eeri.org/products-page/world-housing-encyclopedia-2/seismic-design-guide-for-low-rise-confined-masonry-buildings/
https://nees.org/site/resources/pdfs/MPSTL-Introduction-updated.pdf
https://nees.org/site/resources/pdfs/MPSTL-Introduction-updated.pdf


A Critical Appraisal on Turkey’s
Neoliberal Quest of Urban Renewal
in Historic Urban Landscapes

Zeynep Gunay

Abstract The paper aims at presenting a critical appraisal on Turkey’s quest for
urban renewal under the threat of man-made disasters, through a special consid-
eration on historic urban landscapes, and particularly its world heritage sites. It
deals with how policies designed to mitigate earthquake risk and provide quality of
life in the transformation of historic urban landscapes turn into tools of extensive
clearance of spatial, social and cultural fabric with the experiences from Istanbul.
The paper hopes that the lessons learned from Istanbul’s experience provide a
medium to discuss the severe challenges and their resolving instruments associated
with natural revanchist disasters as well as man-made disasters, especially in
developing countries and in the sites with outstanding common heritage values such
as Kathmandu.

Keywords Urban renewal � Historic urban landscapes � Man-made
disasters � Neoliberal urbanism

1 The Quest for Urban Renewal: Glory, Dirt
and Earthquake

While cities become the epicenter of political and ideological strategies of
neoliberal policies as the primary source for growth and wealth, the transformation
of inner city deprived neighborhoods has become a major issue in the urban agenda.
This enthusiasm has led historic urban landscapes to become the opportunity spaces
of market-oriented economic growth and consumption models through symbolic
urban interventions via the prominence of concepts such as revitalization, regen-
eration and above all, renewal. Especially in developing countries such as Turkey
and Nepal, the attempts to remove the obstacles fronting change that are introduced

Z. Gunay (&)
Istanbul Technical University, Istanbul, Turkey
e-mail: gunayz@itu.edu.tr

© Springer International Publishing AG 2018
J.H. Kruhl et al. (eds.), Living Under the Threat of Earthquakes,
Springer Natural Hazards, https://doi.org/10.1007/978-3-319-68044-6_9

129



to increase the competitive advantage for the creation of global cities may have
even more deteriorating effects on heritage and the heritage community.

Even though the term urban renewal has become a catchphrase in Turkey over
the last decades in line with the rise of neoliberal urban policy and planning agenda,
destruction as a result of state-led urban transformation is not a new phenomenon
(for an overview of the evolution of urban renewal policies and programs, see
Gunay et al. 2015). Evoking negative references, it is always associated with
destruction, complete replacement, relocation, community dissolution and segre-
gation. The rationales have changed in time and in due course of political con-
juncture within a broad range from beautification to disaster vulnerability.
However, this could not prevent historic urban landscapes in larger cities, partic-
ularly Istanbul, to undergo massive urban restructuring since the 1940s. The her-
itage, the memories, the tangible and intangible values of the communities have
become targets to the destructive politics under mainstream politics, either under the
influence of the modernity project of the 1950s or the global vision of 1980s, or
under the name of neoliberal urbanism in the 2000s.

1950s brought the institutionalization of urban renewal as an attempt of eco-
nomic revival and development of cities. This was the start of a period, when
renewal has gained connotations with unfitness, cancerous growth together with
beautification and prestige (Gunay 2016). Under the motto of beautifying Istanbul
and glorifying Istanbul’s Ottoman past, new transportation arteries were opened,
historic neighborhoods surrounding major monuments were demolished. Coming to
the 1960s, the modernity strategy was conducted via the transformation of cityscape
by the replacement of traditional urban pattern with apartment blocks and by the
clearance of squatter areas, the latter of which were once encouraged during the
1940s’ ambitious urbanization and industrialization because of their self-made
housing character in coping with the shortage of public funds to accommodate the
new inhabitants migrated from rural areas. Nonetheless, most of the physical
transformation and urban restructuring associated with globalization and neoliberal
agenda has taken place since the 1980s through the liberalization movement, and
the enacted global urban vision of city administrations, especially in Istanbul. This
has resulted in major financial and structural changes in the urban governance, and
has consequently led to the emergence of an entrepreneurial local government and
market-driven interventions in urban restructuring (for an overview of the neolib-
eral urban restructuring after the 1980s, see Keyder 2000, Bartu-Candan and
Kolluoglu 2008). The changes have included, on one hand, the construction of
office complexes/towers, finance districts, mega projects, gated communities, pri-
vatized public services; on the other hand, the introduction of mega urban renewal
projects for the opening of large boulevards, the demolition of industrial complexes,
and the continuing eviction of squatter areas.

During the most recent decade, though, we have been re-witnessing the
mounting of such restructuring projects with a target on the waterfronts, squatter
areas, urban public spaces, and historic urban landscapes. The 2000s is a period that
foresees a growing tendency towards neoliberal planning in the urban agenda
through the deployment of renewal as the base of planning policy under the
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leadership of Justice and Development Party (AKP) since 2002 followed by major
legal and institutional reforms. This is also a period when the quest for alternative
solutions for urban problems is transformed into the total clearance of problem
areas within cities. With increasing emphasis on large-scale, area-based interven-
tions rather than individual parcel-based practices, squatter areas have been
demolished, state-owned lands have been privatized, and historic urban landscapes
have been put into the market as renewal zones. Once more, the historic city has
been a subject of destruction and reconstruction to get rid of the obstacles fronting a
global and modern city with familiar mottos; unfit, unhealthy, cancerous cell,
shame bag or dirt. One of the differences between the former periods and the 2000s
is the fact that urban renewal is started to be conducted by the powerful stake-
holders, namely the state and real-estate developers comparative to the un-powerful
actors of the former periods such as contractors or squatter dwellers (Tekeli 2009).
Another difference is the change of emphasis in creating a rationale for neoliberal
restructuring, disasters—as a continuum of what Klein (2007) calls “disaster cap-
italism”. The 1999 Marmara Earthquakes have played a major role in increasing
awareness on the importance of an urbanization perception by institutionalizing
renewal process, and especially by focusing on what already exists (A 7.5 mag-
nitude earthquake hit Izmit in 17 August 1999, followed by a 7.2 magnitude
earthquake of Duzce in 12 November 1999. According to the Crisis Management
Centre of Prime Ministry, 18,243 individuals died, 376,379 housing units totally
destroyed leaving 600,000 homeless. It heavily affected Istanbul as well as the
industry center of Turkey, the Marmara.). However, it has also given irresistible
political legitimacy to large-scale area-based urban renewal interventions (Gunay
2015).

2 Renewal Agenda in Historic Urban Landscapes: Law
5366

Area-based urban renewal programs are part of the legal and institutional reforms
brought in the 2000s as part of the growing tendency towards neoliberal planning in
the urban agenda. Between 2002 and 2012 major attempts were made to prepare the
legal format for the employment of neoliberal urban policies including the alteration
of Mass Housing Law (Law no. 5162) in 2004 to transfer of Mass Housing
Authority (TOKI)—responsible institution for the provision social and affordable
housing—from the Ministry of Public Works and Settlement to the Office of the
Prime Minister; to authorize TOKI to realize, prepare and alter all kinds and scales
of development plans in areas determined as the mass housing settlement regions;
and the transfer of 64.5 million square meter of state property into its portfolio to
avoid bureaucratic obstacles. These were followed by three fundamental laws
defining the legal and institutional base of renewal schemes in Turkey: Law on the
Protection and the Revitalization of Deteriorated Historical and Cultural Immovable
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Assets (No.5366, 05.07.2005), Law on the Transformation of Areas under Disaster
Risk (No.6306, 31.05.2012) and Municipality Law (No. 5393, article 73,
13.07.2005).

Law 5393 authorizes municipalities with the right of designating renewal sites
and determining renewal projects in deprived, earthquake-prone or historic areas.
While the squatter areas turn into major targets, reconstruction is the major method
in renewing existing building stock. Having issued by the slogan of making
squatters history, Law 6306 brings forward a definition for risk areas to be trans-
formed as “buildings within or outside risk areas that have completed their eco-
nomic life, or which are scientifically and technically proven to be at risk of
demolition or high damage.” Being materialized through the authority of Ministry
of Environment and Urbanism and Mass Housing Authority (TOKI), the Law is far
from solving neither the quality problem in housing provision nor in urbanization,
but rather raises serious debates on environmental, cultural and social consequences
including the transformation of conservation sites, agriculture and forest areas into
reserved housing zones for construction, the demolishment of even steady housing
stock and the displacement of inhabitants (Gunay 2015). Through newly attained
responsibilities, the Ministry and TOKI are authorized to expropriate all the
immovable properties; to transfer property and zoning rights to other defined areas;
to divide and allocate property shares and to establish rights. This paper focuses on
Law 5366 because of its direct relevance to historic urban landscapes (for further
information on the legal context of planning and renewal in Turkey, see Unsal and
Turk 2014).

Law 5366 propounds renewal sites in order to consolidate the urban structure for
earthquake risk mitigation, low quality of life standards, and to regenerate deprived
urban nodes of historic city centers by bypassing regular urban plans and planning
processes (Gunay et al. 2015). The scope of the law is limited to the areas that are
already declared as protection sites. It was an attempt to disable the Law on the
Protection of Cultural and Natural Assets (No. 2863/23.07.1983) in order to
redefine the institutional responsibility areas and intervention models in historic
urban landscapes in the favor of private sector and corporate power of the state
ideology (Gunay et al. 2015). The main features of the Law are as follows:

• The law introduces a highly centralized governance structure. The municipality,
as controversially de facto central administration, has the sole power to declare
any site as renewal site and to define the implementation and financial
framework.

• The implementation model may vary; however the main model is
public-oriented implementation. Key implementation instrument is urgent
expropriation to overcome postpone and to increase the ability of intervention,
although it can only be utilized in course of national security/defence according
to the Expropriation Law (No. 2942). Expropriation is an important instrument
when dealing with small parcels and fragmented ownership structure, but
negotiation and agreement should be essential. The law calls for municipal
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authority for expropriation in the lack of agreement as well as for sale of
property to third parties.

• The Law introduces new actors of empowerment and control. It propounds the
establishment of ‘Boards of Renewal’, the members of whom are assigned by
the government, authorized to approve the renewal projects. This regularization
bypasses ‘Boards of Protection’ under the Ministry of Culture and Tourism,
which were responsible in the control of conservation status of historic neigh-
borhoods since the enactment of the Law 2863. TOKI is contradictorily the most
powerful institution in the implementation of the law, by shifting from con-
structor towards planner, after the alteration of Mass Housing Law (No. 5162) in
2004 for the authorization to realize, prepare and alter all kinds and scales of
development plans. The law also foresees the corporations of municipalities
such as Istanbul Residence Development Plan Industry and Trade Inc.
(KIPTAS) to act as the main property owner in the realization of renewal
projects. Control Bureaus for the Conservation of Cultural Assets (KUDEB) are
promoted in providing technical assistance.

• Financial model is based on the sale of affordable housing to affected property
owners through monthly instalments of long-term credits. TOKI can allocate the
revenues generated through the revenue sharing model from high-income
housing projects in state-owned land. Transfer of development rights or increase
in development rights for private sector are major instruments in attracting
private sector investment. Private sector that participates in renewal project is
also freed from tax together with TOKI. The monopoly shows itself also in
construction through the hegemony of a few large developers withdrawing small
and medium size firms.

• Mutual agreement between the authority and property owners constitutes the base
of implementation process. The Law calls for municipal authority for expropri-
ation in the lack of agreement with the property owners. Participation is limited to
the notification or consultation whereat the necessity is defined by the authority.
The owners of historic buildings not to be demolished are obliged to carry out
their own conservation projects under the assistance of KUDEB. Otherwise, they
are given dwellings in one of the mass housing zones constructed by TOKI at the
periphery of the city. Thus, the property owner is enforced either to become the
partner of projects or to sell the property willingly or to be part of expropriation.
The implementation and financial models ignore tenants.

3 Controversies, Contrasts and Challenges… to Renew
or not

While urban renewal has become a catchphrase in Turkey over the past two dec-
ades, the historic urban landscapes have turned into valuable resources in line with
the rise of neo-liberal urban planning agenda. Istanbul is no exception. The
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enactment of the Law 5366 in 2005, followed by other above-mentioned laws, has
introduced a major challenge for the future planning history of Istanbul. Renewal
has been introduced as an evolving urbanization model to respond to the need of
mitigating the risks as well as to improve the living conditions in deprived urban
areas. While the private sector has valorized this process as a continuum of
immense market pressure, historic urban landscapes have become controversial
playgrounds for these new urbanization models as an excuse of living under the
threat of earthquake.

The controversies, contrasts and challenges include the following:
Law 5366 introduces a controversial process in the hands of hegemonic power

relations of AKP into the need to re-create global and competitive cities (for an
overview of state interventions in Turkey, see Eraydin and Tasan-Kok 2014;
Turkun 2011; Oktem 2006; Cavusoglu and Strutz 2014). Legal and official obso-
lescence in providing strategic, responsive, transparent and inclusive planning
instruments, methodologies and organization forms has made the problematic even
worse such as in other developing countries. Over-centralized structure of urban
renewal interventions as a continuum of asymmetric power relations prevents
participatory multi-actor decision-making processes, ignores the dynamics of local
governance and limits transparency of process through the elimination of different
interests of empowered actor groups, and independent governmental and
non-governmental control mechanisms. The new actors constitute “dangerously
powerful institution directly at the service of the executive branch of the govern-
ment” (Advisory Group on Forced Evictions 2009, p. 16). Even some scholars state
that the AKP requires no less than a massive program of demolition and resettle-
ment in order to erase much of the physical and social legacy of the past
half-century due to the undemocratic style of urban governance (for instance, see
Lovering and Turkmen 2011, p. 75). These unique sites currently act as giant
construction zones of economic rant, land speculation and displacement, while
raising many concerns about the management approach, actors and processes
involved.

Law 5366 and its respective executions introduce project-based approaches
fragmenting the planning process via the prominence of concepts such as revital-
ization, transformation, and renewal. Planning’s intervening and controlling role in
entrepreneurial practices undergoes a change via neoliberal policies, thus, private
sector-oriented partial projects replace comprehensive planning approaches such as
in conservation planning versus renewal projects. The existing planning approach
in urban conservation introduces a problematic approach through the increasing use
of renewal concept especially in the absence of a specific legislation concerning
World heritage sites. Public authority and public resources are being used not to
provide affordable and high-quality urban environments to the lower-income
groups, but to open up profitable investment areas either for the state or for certain
private developers—in Harvey’s (2000, pp. 133–181) words, “public takes the
risks, private takes the profits”.

The focus of Law 5366 creates a shift towards land development and renewal as
a continuous destruction and construction process, from an integrated approach of
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conservation based primarily on safeguarding the integrity and authenticity of
existing historical buildings. The definition of renewal sites based on physical and
locational determinants ignores the historical and social layers of urban landscapes.
In Istanbul case, the world heritage value is also under attention—Istanbul was
enlisted in UNESCO World Heritage List in 1985 with its four archaeological and
historic zones including the Archeological Park of Sultanahmet, Suleymaniye,
Zeyrek and Landwalls. The Peninsula has also been under national protection since
1995 as an urban, historical and archaeological site. There are concerns on the
overlap of newly declared renewal sites either with historic areas of Istanbul that are
on the World Heritage List and that of the exclusion of specialists in the newly
forming renewal boards to evaluate and approve the projects to take place in those
renewal sites. Although the World Heritage Management Plan was completed in
2011, it could not empower central and local authorities in changing the emphasis
on urban development priorities. As a showcase of Law 5366, only in the Istanbul
Historic Peninsula, the UNESCO World Heritage Site, nearly 37 urban nodes
within historic neighborhoods were declared as renewal sites between 2006 and
2010 (for an overview of declared urban renewal areas in historic urban landscapes,
see, Dincer et al. 2010; regarding the renewal practices in the Historic Peninsula,
see Gunay et al. 2015). Ayvansaray, Suleymaniye and Sulukule are among the
neighborhoods that suffered the most destructive impacts of this legal format,
immediately after their declaration as renewal sites. In the Peninsula, this meant a
world heritage (renewal) site. The threats are well documented in various inter-
national conservation expert reports (see for instance the decisions of
UNESCO/WHC 2008, 2009, 2010, 2012). According to these, there is concern at
urban renewal projects with a focus on land development, which is critical for the
World Heritage sites. Despite these sceptic views, Law 5366 has become a unique
example for the massive physical destruction—bulldozer renewal—of historic
urban landscapes that are inscribed in the UNESCO World Heritage List, as well as
the destruction of all the meanings, memories and social relations attached to this
historic urban landscape and its oeuvre.

Urban renewal has increasingly been justified as the only possible solution for
the so-called naturalized urban problems (Bartu-Candan and Kolluoglu 2008,
pp. 18–19), such as the mitigation of earthquake risk, the elimination of invasion,
high crime, terrorism, drug addiction, illegal economic activity; social exclusion
and displacement have started to be seen as an inevitable effect. Isik and Pinarcioglu
(2001) call this process a transition from a softly segregated city to a tense and
exclusionary urbanism. A significant number of studies have pointed out the
implications of state-led and increasingly authoritarian urban renewal policies and
particularly their relation to heritage and heritage communities since the early 2000s
(see for instance Bartu-Candan and Kolluoglu 2008, Kuyucu and Unsal 2010,
Lovering and Turkmen 2011, Gunay 2015, Cavusoglu and Strutz 2014). The
implications of the law show that it has neither brought an integrated approach to
the socio-economic problems of the neighborhood, nor it has achieved a sustainable
area-based strategy to resolve the problems that challenge the everyday life of
citizens. Instead, renewal projects justify the change of ownership of properties

A Critical Appraisal on Turkey’s Neoliberal … 135



after the destruction decisions and urgent expropriations. The current urban renewal
policy is structured upon the idea of compensation by the property owners.
However, it disregards the reality that the choice of constructing a living in such
neighborhoods is bounded closely to the economic vulnerability of communities. In
that sense, urban renewal creates new poverty zones of displaced and dispossessed
communities with increased expenditures, dependency to bank interest mechanisms
and erasure of social life and networks of solidarity. While the developers, spec-
ulators and the elite are the main beneficiaries, the projects embody potentially
destructive threats to the meanings associated with these neighborhoods and their
strong social networks, which may help them preserve their heritage, and could lead
to social development as a way of existence strategy. The fate of tenants is
uncertain.

4 Nepal: Lookin’ Through the Window

In a chapter presenting a critical appraisal on Turkey’s quest for urban renewal, a
look through the window of Nepal indicates an alternative dialectic not only upon
conventional or Turkish urban discourse upon the menace of naturalized or
man-made disasters, but also that of authorized heritage understanding. On the
contrary to Turkey’s urge to renew all of which exists from the past, the lessons
learnt from Nepal and particularly Kathmandu’s endurance to recover the past
introduce major inputs against all the odds in understanding the need for a paradigm
shift in renewal.

Nepal suffered from vast loss of lives and devastation of human settlements on
25 April and 12 May 2015, when respectively magnitude 7.8 and 7.3 earthquakes
struck this outstanding land (NRA 2016, p. 1). It was neither the first nor the last of
unfortunate incidents; though, the territory has undergone chronic destruction
throughout the history by the so-called forces of nature (for a brief overview, see,
Weise 2015). The same forces have also helped in the formation of close links
between the community, the environment and the heritage—allowing for a system
of cyclical renewal based on a self-renewal, self-recovery process in action, while
introducing a more resilient and transformative heritage concept. Thus, the
deployment of renewal as the base of planning policy is not a new phenomenon (see
for instance, UNESCO 2015; Sandolhz 2017, pp. 137–185). Regarding Kathmandu
and its valley, renewal is in the traditional mind-set and everyday life of this
particular society, due to the outstanding historic urban landscape under threat of
earthquake-prone setting, followed by rapid and uncontrolled urbanization, exces-
sive building densities, new constructions of poor quality, inadequate infrastructure,
global exploitation of heritage, socio-spatial fragmentation and poverty, and the
lack of effective and responsive management mechanisms. As in Turkey, earth-
quakes also play a major role in increasing awareness on the importance of planned
urbanization, institutionalized post-recovery process, as well as the reconciliation of
heritage and change.
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Recalling urbicide in many parts of the world, renewal in Nepalese context is
furthermore distinctly associated with the traditional wisdom on faith/destiny, au-
thenticity and self-healing.

The belief on faith, destiny or wrath of god(s) with regard to disasters, which is
hard to understand in a contemporary Western approach but very familiar in tradi-
tional Turkish context, creates either a safety net for vulnerabilities or hope and
resilience in coping with the negative influences of the present. Heritage at risk also
delivers a space of hope. Despite intensive needs across an array of diverse political,
economic, and urban states of affair, this insight prevails for the people of Nepal to
find ways to re-build their lives, cities and heritage with or without state support.

Considering renewal contextualization based on the authenticity of heritage as a
second remark, it is not wrong to state that Nepalese heritage discourse is rooted in
continuity rather than authenticity, as an evidence of existence. The tradition of prati-
samskara, for instance, as a principle of conservation asserts the fundamental of ‘keeping
near to the original’ (Tiwari 2015, p. 171), while accepting change and that of renewal
against the conventional heritage preservation discourse. This tradition of replacing old
with new, controversially, creates an urban palimpsest of history and meanings.

The state-driven efforts concentrate on the preservation or renewal of monu-
ments before every-day-life spaces of community. But approaching heritage as a
healing instrument with close links to intangible values normalizes the insuffi-
ciencies in responding to community needs. This situation leads the people of Nepal
to own associated responsibilities to safeguard heritage as well as cities as a whole.
The spontaneous self-recovery and self-made process may construct the base for
participatory frameworks, although can be claimed as a management failure in
Eurocentric/conventional understanding. The origins of this approach go back to
the Guthi System of the Kathmandu Valley, which can also be termed as a
community-based conservation model (Tiwari 2015).

5 Concluding Thoughts and Prospects for Future: From
Istanbul, with Love

Urban transformation is a multi-faceted phenomenon without a unified form of
policy or practice in the world. Regarding historic urban landscapes, it is evident that
it is only successful if it can flourish with different spatial, economic and especially
social traits together to achieve an improvement in the integrity and sustainability of
heritage and the livelihood of the heritage communities. Despite this definition, the
recent practices both in the developed and developing world show that, the heritage
and its communities has increasingly been neglected in order to create opportunity
spaces for market-driven investments. The increasing monopoly of urban renewal
(the prioritization of urban renewal has contradictorily been included in the UN’s
New Urban Agenda as regard to ‘sustainable and inclusive urban prosperity and
opportunities for all’ in 2016), in return, has become an instrument of gentrification,
socio-spatial segregation and social exclusion driven by neoliberal urban policies.
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State-driven urban renewal policy in the historic landscapes, in particular, is
increasingly becoming a state-driven exclusion strategy, while the heritage, the
memories, the tangible and intangible values of the communities have become tar-
gets to the destructive politics under mainstream politics (Fig. 1).

The solution calls for a change of emphasis in the governmental perception and
that of an urban paradigm shift to employ holistic, inclusive and transformative
framework in urban politics:

• The cities, especially in the developing world such as Nepal and Turkey, are in
urgent need of urban renewal despite the changing rationales in time and in due
course of political conjuncture. The vulnerability of urban landscapes is indis-
putable either in historic or post-disaster settings resulting from uncontrolled or
planned urban growth, large amount of squatter areas and slums due to hap-
hazard urbanization, disaster-prone building stock due to lack of administrative
control over construction and building construction technology, historic build-
ing stock in need of careful conservation, rehabilitation and continuous main-
tenance. It is therefore of major importance to justify urban renewal not as a
project, but rather as a transformative and responsive process without reducing
the need into a spatial, architectural and aesthetic solution. The process, then,
should be scientifically contextualized and justified with respect to local
causalities, rationales, needs and intangible values depending on what is to be
achieved, how it is achieved, with and for whom it is to be achieved.

• Urban renewal based on destruction and reconstruction is not the only possible
solution for the naturalized urban problems such as the mitigation of earthquake
risk. There is a need for urban policy frameworks that encourage reinvestment
and improvement rather than destruction. Regarding severe damage caused by
disasters, post-recovery should consider the authenticity and integrity of historic
urban landscapes together with its layering of intangible values, while ignoring
the creation of artificial marketable and expendable opportunity spaces and
identities. This is further related to the controversial approach of reconstruction;
thus, it is of major importance to respect diverse understandings of authenticity,
while ensuring the continuity of living cultural heritage in balance with taking
change and diversity into account. Historic urban landscapes, not only world
heritage sites, should not be taken outside planning system through the effective
employment of Management Plans to manage change.

• Social exclusion and displacement are not inevitable effects of urban renewal.
Historic urban landscapes should not be divorced from the community that
become part of these landscapes. The existing implementation and finance
models of urban renewal can be applicable for high-income real-estate targets,
but in the case of historic environment and vulnerable disadvantaged settle-
ments, the models should avoid excessive economization, commodification,
real-estate and property market-driven developments and commercial interests.
Built upon the idea of housing as a human right, alternative finance mechanisms
should be allocated by facilitating trust funds, donor involvement,
micro-financing and self-help mechanisms.
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• Centralized governance structure based on public-led implementation is efficient
in conserving heritage and rights of ownership, given the fact that it is
responsive to strategic, transparent and inclusive planning instruments,
methodologies and organization forms as well as open to multi-actor partici-
pation in decision-making, the inclusion of heritage experts and specialists and
the facilitation of independent control mechanisms such as professional boards.
The facilitation of coordination, negotiation and interest among institutional and
local stakeholders is essential to strengthen empowerment in urban governance.

• Urban renewal is a divisive process, when it is not integrated with inclusive
approaches. There is an urgent need to emphasize right to the city that com-
prehensively represents community interests and their collective memories by
developing community governance models (such as the guthi of Kathmandu
Valley) as a shift from social exclusion to socially inclusive urban transfor-
mation interventions in historic urban landscapes. This is related to a wider
understanding on urban politics as a medium of socially inclusive public policy
that considers social impacts and enforces the idea of historic urban landscape
within the community as a public good and a social asset.

Fig. 1 From Istanbul, with love: Picture from Ayvansaray in ruins, a historic neighborhood along
the Landwalls of Istanbul Historic Peninsula, which was a UNESCO World Heritage Site since
1985 (Photo courtesy Z. Gunay)
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The loss has taken the form of the inevitable, when destruction has been subject
to unnatural but naturalized disasters just like in Kathmandu Earthquake of 2015 or
Marmara Earthquakes of 1999. The loss has also shown its destructive path in the
form of unnatural just as the man-made disasters of the so-called neoliberal
re-structuring of the cities under the name of renewal. From Kathmandu’s urge to
re-new the destructed heritage after the earthquake to Istanbul’s to renew the living
heritage before the earthquake, the paper hopes that the lessons learnt from
Turkey’s experience provide a medium to discuss the severe challenges and their
re-solving instruments associated with natural revanchist disasters as well as
man-made disasters, especially in developing countries and in the sites with out-
standing common heritage values such as Kathmandu.
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Traditional Buildings and Preliminary
Report in Construction Methods
to Combat Earthquake

Rabindra Puri and Sukriti Suvedi

Abstract The earthquake of April 2015 has affected lives of Nepalese people in a
very disturbing way. Although an earthquake cannot be stopped or correctly pre-
dicted, proper measures can be taken to prevent the hazards’ impact. Construction
of earthquake resistant buildings is one of the major steps towards minimizing the
risk. Numerous major earthquakes occurred throughout Nepal’s history.
Consequently, earthquake-safe building is necessary and care needs to be placed in
choosing the building material, type and construction methodology. Readily
available materials like stones and mud can redeem as the most economic and
reliable source of constructing the village houses throughout Nepal. Houses con-
structed in traditional Nepalese hill style with proper reinforcements have proven
earthquake resistant, as seen from the houses built in Namuna Gaun, Sanga, and
Bardali Ghar, Phulbari, Kabhre. Similarly, the earthquake-damaged houses need to
be managed properly so as to reuse and reutilize most of the material from the old
buildings. This will not only reduce the costs of construction material but also play
the most significant role in heritage preservation and conservation. The houses in
Gachhen area (Bhaktapur) are filled with artistic handicraft windows and doors
from Malla era. Proper care has been taken to dismantle the shattered houses and
recover materials intact as far as possible. There have also been cases of theft of
ancient artefacts from houses. Hence, much care has been taken to store the
materials reliably and safely. Addressing the needs of earthquake-affected people,
care has to be taken in the economic front as well. The construction needs to be
reliable as well as within budget. This fact can be met when the materials such as
wood, bricks, stones, roof tiles etc. from the old buildings are reused. In context of
reconstruction of earthquake resistant buildings, traditional Nepalese style building
would be one of the best options.
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1 Introduction

The two earthquakes of 25th April 2015 and 12th May 2015, with magnitudes of
7.8 and 7.3 Mw, has shaken the lives and economy of Nepalese people very
severely. The Gorkha Earthquake was followed by 460 aftershocks with local
magnitudes > = 4 until 3rd June 2016 (National Seismological Center 2016).
602,257 houses were fully damaged and 285,099 houses were partially damaged
(Government of Nepal 2015).

2 Background

Gachhen, Bhaktapur
The ancient city of Bhaktapur was also devastated by the earthquake (Fig. 1).

According to Bhaktapur Municipality, 18,900 houses have been fully and 9054
partially damaged out of 43,536 households (Nepal Earthquake 2015).

Fig. 1 Post earthquake situation in Gachhen, Bhaktapur
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Model Village, Kavre
From the reports it is seen that 49,933 private houses have been severely

damaged in Kavre (Kabhrepalanchowk) District of Nepal. 318 lives have been
taken and 1179 persons have been injured. 548 schools were affected; 48 gov-
ernment buildings, 55 health facilities, and 904 classrooms have been fully dam-
aged (Nepal Earthquake 2015).

The main aim of Rabindra Puri Foundation for Conservation is to build the
houses for at least 30 household in the district. The houses will be special on the
basis that it would be built on traditional construction methods, i.e., only wood,
mud and stones will be used for construction.

The houses will be as per the recommendation by “Design Catalogue for
Reconstruction of earthquake resistant houses, Volume I”. Furthermore, the houses
have been analyzed by Finite Element Method. At the points where the stress is
exceeded, tensile wooden members have to be added.

3 Preservation of Heritage and Artifacts

Preservation of artifacts is one of the ways, through which we can transfer the rich
cultural heritage and traditions to the next generation. The area of Gachhen,
Bhaktapur, consists of one of those types. The craftmanship and designs of windows
and doors of the houses of the area can be traced back to eighteenth century AD.

A severe need was felt for saving the wood retrieved from the buildings of the
area after the earthquake. Wooden struts, windows and door frames and shutters
would be severely damaged if left with the debris during the monsoon season (July
through September). Rabindra Puri Foundation for Conservation acted upon the
idea of preserving what is left after the earthquake. The locals and owners of the
houses were gathered and made aware of the persisting danger and a solution for
the problem was suggested.

It was a rigorous task to extract the artefacts from the debris of the houses
(Figs. 2, 3 and 4). Keeping it in proper condition is also a challenge. But the
foundation has been able to take out the useful windows, doors and pillars from the
houses and store it in a well ventilated shed, away from direct sunlight and rain
water, and preserve it from dampness (Figs. 5 and 6).

The final achievement of the foundation would be to construct the area as it was
before the earthquake, with all the artifacts intact. The houses will have a traditional
look from outside but will have all the modern facility available inside. Although it
would be constructed as a frame structure with cement, sand, bricks and steel being
the major components of the construction, still there would be no compromise in
the frontal views of the buildings. These buildings would be made within traditional
outlook in mind.
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Fig. 2 Volunteers, students and workers taking extra care to remove the window frames

Fig. 3 Volunteers, students and workers taking extra care to remove the window frames
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Fig. 4 Removal of the components of window with precision

Fig. 5 Storing of the wooden components of the building
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4 Traditional Construction Methods in Villages

The indigenous construction methods of Nepal consists of using wood, stone and
mud to build homes. These are the three materials that are available throughout
Nepal, including the remote parts of the country. Traditionally, the houses are
constructed of two floors in the villages, of which the load is evenly distributed to
the walls and timber pillars and struts.

Rabindra Puri Foundation for Conservation aims to construct at least 30 houses
in the traditional design using locally available materials. These houses would act as
a model for the community people to use indigenous skills and techniques (Figs. 7
and 8).

It has to be noted that the estimated costs of the building construction is NRs.
10,00,000. This sum of money would be high for the house owner to bear per-
sonally, so RP Foundation will be helping 50% of the amount. The other 50% of the
amount will be covered by the house owners in terms of collection of construction
resources, local involvement, and provision of land for construction.

Fig. 6 Storage of wooden components of buildings with number coding for each building
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5 Summary

The construction method has vital importance. The loss and damages due to
earthquake of April and May 2015 were mostly due to ignorance in construction
methods and improper practices. The best practice in construction with brick and
stone mud mortar can be seen in the five-storied Nytapole Temple situated in
Bhaktapur Taumadhi Square (Fig. 9). This infrastructure was erected during the
seventeenth century, and have survived at least 3 major earthquakes in the region.
Yet except for some minor damages, it stays strong and stable.

Another major fault with respect to damaged houses is the lack of maintenance.
The private houses, due to negligence or insufficient knowledge, could not maintain
the wooden posts, the walls, window and door frames. These have been seen as the
major fault.

Fig. 7 Computer aided design of the Gachhen courtyard after reconstruction
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If the construction of houses are only done with concrete and brick mortars then
there would be a huge problem for the upcoming generation as they would never
know the techniques used in the ancient times in Nepal. Construction of a concrete
jungle will always impose a threat to the heritage preservation of the Nation and
further more to cities and civilization like that of Bhaktapur.

Indigenous construction methods should be followed specifically and no mea-
sure should be left unattained. For example, addition of Tham (Posts made out of

Fig. 8 Computer aided design of the Namuna Village, Kavre
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Wood) should be added to every 10 feet (3.048 m) of walls to support the structure.
Corners should be well bound and intact. Gable walls should be build as light as
possible and tie beams or wooden frames should be provided. All these add up to
make the houses stable and more durable in the events of earthquakes.
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Medical Aspects of the Gorkha
Earthquake 2015: Disaster Preparedness
and Response

Monika Brodmann Maeder and Matiram Pun

Abstract This chapter includes exemplary accounts from two medical doctors
pertaining to the situation in the capital and in remote valleys. Within both
accounts, the authors describe their personal experience, beginning with the first
few hours post the initial quake. These experiences are firsthand accounts, ranging
from uncoordinated medical aid in a governmental hospital in Kathmandu and a
mountain hospital in Lukla to the ad hoc rescue chain in the Khumbu valley for
those victims coming predominantly from Everest Base Camp. Unfortunately, the
threat of future earthquakes and other natural hazard events in Nepal cannot be
diminished. Therefore, in order to better manage any future mass casualty event, it
is clear that there is a pressing need for further development of medical and rescue
training services for both existing practitioners in the capital and those individuals
based in rural Nepal. Moreover, the development of an international, coordinative
body with rapid response time and specialist skill base must be discussed and
deployed effectively in the case of any future national emergency.
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1 Introduction

The 7.8 magnitude earthquake, which struck Nepal on April 25 2015, plus all
subsequent aftershocks, had huge consequences for the Nepalese healthcare system
and the overall health and wellbeing of the Nepalese people. According to official
documents from the Nepalese government and the World Health Organisation
(WHO 2015a), more than 8700 people were killed, and nearly three times as many
injured. Overall, 5.6 of the 27.8 million residents were affected. In the rural regions
around the epicentre in Sindhupalchok and Langtang, the earthquake triggered
lethal rock falls and landslides. Everest Base Camp (EBC) was partly destroyed by
an avalanche originating from Pumori, and in Kathmandu injuries and fatalities
were mainly caused by building collapse. 446 public health facilities were com-
pletely destroyed and 765 partially damaged. Many hospitals were overwhelmed by
the huge number of patients, and due to the fear of strong aftershocks treatment
areas were established outside of the buildings under tarpaulins. In this article we
will give an overview of disaster preparedness and management in Nepal and
outline situational specific examples both during and after the first earthquake. We
further describe and examine health care management on April 25 and the days
subsequent. The examples are based on the experience of the two authors, both
medical doctors, and are a personal insight into the hours and days after the mass
casualty earthquake event that struck Nepal in spring 2015.

2 Disaster Preparedness in Nepal

2.1 Government Policy

In an official document of the World Health Organisation WHO (WHO 2012),
Nepal has been classified as one of the hotspots of multiple hazards; such as
epidemics, landslides, forest fires, avalanches and earthquakes. The Global
Earthquake Safety Initiative (GESI) declared Kathmandu as having, “the highest
earthquake risk per capita among 21 megacities in the world, largely due to building
collapse and insufficient preparedness and medical care” (www.reliefweb.int) The
main factors contributing to Nepal’s vulnerability are associated with poor access to
effective health care, especially in remote areas and mountainous region where
many of the multiple hazards occur. In their National Strategy for Disaster Risk
Management (2009), the Ministry of Home Affairs issued clear strategies for dis-
aster risk management. The Ministry of Health and Population was also incorpo-
rated in the development of these strategies. However, despite a clear shift from
reactive (relief and response), to proactive (preparedness) risk reduction, in review
the experts of the WHO still questioned whether, “the health sector will be able to
respond effectively and efficiently in order to reduce avoidable mortality and
morbidity during emergency and disaster”. Equally, on review several benchmarks
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were outlined for continuous strategy development, “regularly updated disaster
preparedness and emergency management plan for the health sector, effective SOP
(Standard Operation Procedure) management, plus establishment of emergency
directory or national coordination focal point in place”. The resultant report heavily
recommended that prioritization should be given to facilitating training and simu-
lation exercises at all health care levels.

2.2 Hospitals

University Hospitals, such as Tribhuvan University Teaching Hospital (TUTH),
have their own disaster management cells with mainly three core objectives. Firstly,
they must deliver an effective service in the hospital, even in exceptional circum-
stances, whilst remaining connected to all disciplines and administration. Secondly,
they should be ready to respond to mass casualties or disasters in the country, and
finally they should train appropriate staff members and medical trainees in disaster
preparedness and management. The disaster management committee often involves
all disciplines, but more prominently: emergency medicine, surgery, orthopedics,
anesthesia and nursing. Regular drills, plus collaboration with other nationals/
international organizations have been introduced in order to encourage sharing of
professional experiences and keeping up with latest guidelines as they are
introduced.

The disaster management cells of hospitals are primarily designed to inform their
own staff on how to handle the casualties. They virtually have no programs for the
public. There is provision from the government to endorse public access buildings
from the municipality (such as hospitals) when they are constructed, but safety
standards are often ignored. On top of that, there are no regular checks, if the
previous constructions were built based on the approved parameters.

2.3 Disaster Management in Medical Education

Medical training in Nepal follows more or less the old British system, similar to
other countries in the region such as India, Pakistan and Bangladesh. The combined
Bachelor in Medicine and Bachelor in Surgery (MBBS) is a five and half year
program with a compulsory one-year internship. The training focuses on internal
medicine, surgery, gynecology & obstetrics and pediatrics, with the majority of
postings and a majority of classes in these areas. Disciplines including Ear, Nose
and Throat (ENT), ophthalmology, orthopedics, psychiatry, anesthesiology and
emergency medicine are considered minor postings. Minor postings start in fourth
year only, and final exams are done in the same year. Hence, students have only a
short exposure and few taught interactions in these areas. However, within minor
postings, emergency medicine has a special place; students spend one full month
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exclusively in the emergency department (ED). They are actively incorporated as
members of the ED team and have the opportunity to learn from faculties, residents,
house officers and nurses. Subsequently, in the internship, it is compulsory for each
intern to do another month in the Emergency Department under specific supervi-
sion; the goal is to enable them to work independently as emergency house officers.
A specialty in emergency medicine or similar well-defined postgraduate training in
emergency medicine is still under development in Nepal.

The training in medical schools and academic departments are a combination of
Emergency Medicine, General Practice and Family Practice. This program gener-
ates good general practitioners, but not really full-fledged, trained emergency
physicians. Recently, steps have been taken to introduce doctorate levels for
medicine and surgery as well as for emergency medicine. The programs are more
academically focused. Currently there are no further training opportunities or
diploma courses for candidates to practice their skills in trauma, emergency and
disaster medicine scenarios. The nursing training for emergency care and disaster
response is similar to the physicians’ situation: Most of the emergency care nursing
staff receive general training and gain more experience in that particular field by
working in an emergency department. Currently, neither the bachelor nor the master
level of nursing qualification specializes in the area of emergency or disaster
management.

2.4 Rescue Teams

In 2014 Nepal was struck by two major multiple hazardous events, both taking
place in remote areas of the Himalayas. The first event was the avalanche in the
Khumbu icefall in April 2014 during the start of the climbing season of Mount
Everest: 16 Nepalese icefall doctors and climbing Sherpas were killed by an ava-
lanche in the so-called ‘popcorn field’, 9 were injured and 3 have not yet been
found (oral tradition August 2015). All patients who were evacuated received
proper primary management due to the fact that in Everest Base Camp several
medical personnel (doctors from the health post of the Himalayan Rescue
Association and help from other climbers) were present. Moreover, enough supplies
for the number of patients were available and air transportation to tertiary level
medical centers in Kathmandu could be organized the same day for the nine injured
people. The feedback from the rescuers involved with this operation was that
despite good patient management, proper guidelines for mass casualties were still
missing.

The second mass casualty happened in October 2014, when a snowstorm in the
Annapurna region (Thorung-La) affected more than 500 people: 50 individuals
died, and the remaining around 550 survivors had to be evacuated (oral tradition
August 2015). In this case medical assistance was not available, and one of the
responsible coordinators of the rescue and evacuation effort stated, ‘that in this
situation clear governmental policy and an operational rescue system would have
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been of utmost importance, besides the availability of equipment and human
resources’ (e.g., enough well-trained helicopter pilots).

Previously, Nepal Police and Nepal Army had been instrumental in all kinds of
disasters in Nepal prior to the earthquake (e.g., the Annapurna mass casualty), and
could profit from their prior experience. The deployment of such uniformed forces
has been appreciated but their training for such situations is not transparent.
Similarly, there has been little collaboration and co-ordination with other
organizations.

Kathmandu possesses the ‘BarunYantra Karyalaya’, the fire brigade of Nepal.
This service dates back to the Rana Prime Minister Juddha Shamsher and is housed
within a building entitled ‘Juddha BarunYantra Fire Station’. Since then, with
ongoing development and the help of international non-profit organizations, it has
gone through a slow transformation process. For example; the Autonomous
Province of South Tyrol supported them with equipment and training assistance.
However, despite been better equipped, disaster preparedness has hardly been taken
into consideration, especially in regard of natural hazards such as earthquake.

Prehospital emergency medicine was initiated a few years ago by international
projects for mountain and helicopter rescue teams. Experts in mountain rescue and
mountain medicine had trained mountain guides, physicians and helicopter pilots for
the mountain rescue in Nepal and had helped to develop mountain rescue in Nepal.
These initiatives were private and supported by national and international organisa-
tions like the International Commission for Alpine Rescue (ICAR), EURAC in Italy,
ENSA (Ecole Nationale de Ski d’Alpinisme) in France or Air Zermatt in Switzerland.
From the above-mentioned two mass casualties in 2014, mountain rescuers and
helicopter crews had gained some disaster preparedness. But the competence building
was limited to less than 20 mountain guides, rescuers and physicians with a special
interest in mountain medicine and helicopter pilots with special training for rescues in
high altitude (Brodmann Maeder et al. 2014; Thapa et al. 2014).

3 Medical Situation in the First Hours and Days

The two authors were present in Kathmandu during the first and strongest earth-
quake on April 25 and give their personal insights in the events during, and in the
first hours and days afterwards.

3.1 Situation 1: Thamel Tourist Area and Nepal
International Clinic (M Brodmann Maeder)

When the shaking started, I was sitting in a garden restaurant just outside Thamel,
the tourist quarter of Kathmandu. I had met very close Nepalese friends in a bar a
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few minutes ago and we had decided to move from the crowded place in the second
floor of a building into the quiet garden, because we wanted to talk about our
projects. For a few seconds we did not know what happened, until somebody called
“earthquake”. We tried to hold each other in order not to fall down. Most of the
people in the garden wanted to run away, but as the garden seemed to be far from
high buildings, I persuaded my two friends to stay. We sat down in the middle of
the garden, and were ready to sneak under the tables if walls or other objects should
fall into the garden (Fig. 1). A transparent bottle with a blue cleaning agent inside
and pendant lamps alerted us when the next shock started. More and more people
came into the garden, and only now we realized the noise from falling objects and
screams outside of our safe place. Amazingly, my mobile phone still worked, and I
was able to call my family and my work place in order to let them know that I was
alive. Moreover, I could contact my Nepalese “Didi” Lhakphuti in order to inform
her where I was and to tell her to come to us because the garden was free from
falling objects and seemed to be very safe.

About half an hour later, she came in, and we decided collectively to leave the
relative safety of the garden. As the Nepal International Clinic (NIC) was not far
from this place we started to walk there. I wanted to offer my help for injured
people who might come there in order to get treatment. In the streets we saw
collapsed buildings and walls, power poles and cables lying in the streets and cars
hit by falling objects. People were standing around, not knowing what they should
do next. When we arrived in NIC, we were welcomed by one of the nurses. He
showed us the medical supply, and we realized that the locker with the drugs had

Fig. 1 Situation in garden restaurant after first shock, Kathmandu April 25, 2015
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collapsed, and all the phials were broken. In the meantime, the first patient arrived
with an open fracture of the forearm. Due to a dislocation he suffered from
paresthesia in the hand. Therefore, he needed urgent reduction, but we were unable
to give him sufficient analgesia during this intervention. He tolerated the procedure
without complaining. The fracture was fixed with an improvised splint (Fig. 2).

As we experienced regular aftershocks, we performed the treatments outside in
the garden of the clinic. The next patient suffered from severe soft tissue injury of
his lower leg. We cleaned the wound and wanted to make a temporary surgical
adaption of the skin, but he decided to go to another hospital to receive treatment.
The director of the NIC was not able to come to the clinic because he was blocked
in elsewhere in the city. Our patients exclusively were foreigners who knew the
NIC, because this clinic or indeed outpatient-department is dedicated to foreigners.
When we realized that there were no more patients coming to NIC, Lhakphuti and I
decided to walk back to her home. We put up tents and passed the night outside,
waking up with every aftershock we felt.

3.2 Situation 2: Governmental Hospital Kathmandu
(M Pun)

It was Saturday April 25th 2015, a warm sunny, calm day in the Kathmandu valley.
The offices and schools were off. While I was walking along the ring road in

Fig. 2 Medical treatment in Nepal International Clinic NIC, Kathmandu April 25, 2015
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Maharajgunj area of Kathmandu at around 11:55 am I felt that there was sudden
and weird shaking around me. There were strange and strong sounds all around. It
took a little while for me to figure out what was happening. The buildings were
shaking, motorbikes were tumbling and people were screaming, trying desperately
to run to safe places. The birds were all up in the sky and flying zigzags. I tried to
move on the side of the ring road, but it was almost impossible to move. I fell down
a couple of times and got a minor injury on my palm due to falling. Then I stayed
on the ground and slowly crawled to a tree-trunk. It was dusty all around and there
was sense of immense shock and fear. We felt continued swinging and shaking
from smaller aftershocks, but we tried to assure ourselves that the big one had
passed. People soon started to send and get updates about their nearest and dearest.
But the majority of cell phone networks were not working properly. Most of us
were not able to update our family and friends about the situation. Even after half an
hour later, I was still trembling and felt I had no energy to move. I seemed both
mentally and physically drained.

After a while, it seemed the shaking had settled a bit and people were gaining
confidence to move around to help injured persons. I saw people carrying others to
the hospitals, some walking, whilst others were looking for vehicles. I made my
way to the Tribhuvan University Teaching Hospital (TUTH) at Maharajgunj where
I work. It was not far from where I was and I reached there within 15 min. The
hospital was already flooded with the patients. Since TUTH is the first university
teaching hospital in Nepal, and has one of the best reputations in the country, the
wards are usually full. The management of the hospital had kept this in mind to
handle this situation. Hence, they assisted patients as they entered, literally right
from the entry-point. Everyone got involved in whatever they could do. Medical
staff, residents, medical and nursing students made themselves available.
Administration got involved in the organizing of patients. The public immediately
showed up to volunteer wherever necessary for patient transportation, transfer and
taking care of dead bodies.

The hospital was quickly overwhelmed with the number of patients. Open
spaces (lobbies, gardens, parking areas and wherever space was available) were
converted into consultation units, where we started managing patients. Aftershocks
went on, but after a while we got used to them and lost any fear as we worked
outside in the open. Injured patients started to come on trucks, taxis or busses.
Many of them were directly rescued from the rubble, while some were referred
from other hospitals. Dead bodies kept on piling up; it was just like a war zone! The
shelter nearby (in front of emergency ward), was used for temporarily piling the
dead bodies, but it was quickly filled. So in the end the whole of the basic science
building was used to store dead bodies.

In the hospital and adjacent premises, as we got overwhelmed with casualties,
prompt and handy help came from medical students. From first year medical stu-
dents, to the final years, they were fully engaged at the hospital. They helped in
triage, transfer and managing the mass casualties. They were involved throughout
the crisis period and worked extremely hard to manage the situation. Moreover,
prompt help came from the general public, from non-profit organizations and most
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notably from young members of a rather nascent political party. As the days passed
and the situation in the hospital was under control, the medical students got
themselves mobilized in the search and rescue efforts and other work in remote
villages of Nepal.

Patients and casualties kept coming to TUTH from different smaller centers of
Kathmandu and other parts of the country. Although the influx of the cases got
more stable in terms of numbers and frequency of arrival, surgeons (orthopedic and
general), anesthetists and emergency physicians were overwhelmed by the number
of patients. They worked round the clock for those who needed immediate inter-
ventions. However, the number of fatal casualties continued to grow, the handling
and identifying of the dead bodies becoming an equally persistent and difficult
challenge.

Slowly, pictures from the earthquake started to come in from national and
international news. The mega-earthquake had shocked us all, and we were deeply
mourning. The cell-phone networks were only partially working on that day late
evening. Tired and shocked, all of us had little idea what to do. Since there were
regular aftershocks, we were scared of entering buildings. People stayed outside
(Fig. 3) and were entering their houses quickly in order to get essential things like
food and clothes. Many were buying biscuits, noodles and water for dinner. The
continuous aftershocks were scary. I quickly entered the room for food and got out
with necessary things to sleep outside. A friend of mine and me slept on the
roadside in front of our rented room.

Next day (Sunday April 26), was another day, but still with fear and doubt
clearly expressed in the faces of the people. The frequent aftershocks went on.
I walked to the hospital. The scenes were depressing. But there were many
encouraging signs from the public, non-profit organizations, students and other
institutions who came to support and help. The youth from different organizations,
schools or young people on their own made themselves available to help in hos-
pitals like TU Teaching Hospital. Sympathy poured in from the International
community, and Nepalese expatriates also began to assisting whatever way they
could help.

The Japanese International Cooperation Agency (JICA) Nepal cooperation had
built TU Teaching Hospital and basic science buildings, considering safety stan-
dards for earthquake resistance. Hence, there was only minimal damage, if any,
caused by the earthquake. Therefore, the hospital and the area surrounding were
considered the safest place to be. At around 1 PM, in front of academic building
where the dead bodies were being piled up, we felt another big earthquake of 6.7
magnitudes. The moment it shook was terrifying and it seemed as if the earth was
opening up. We all quickly sat or lay on the ground in open space. There were not
as many casualties at this time simply because the public were all out in the safe
open green spaces due to frequent aftershocks. For the next few days, I kept on
finding new safe spaces to sleep (e.g., a hospital corridor, the open space of police
academy, space in front of the Institute of Medicine’s Dean’s office). It was very
difficult to find a place outside, as everyone was sleeping out in the open. In the
hospital, the energy and resources (including human resources), were redirected
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towards those departments that needed it most, for example the emergency and
orthopedic departments.

As days went on, aftershocks continued to shake us, however the magnitudes
were of a smaller scale (less than 5). The public were getting used to these constant
smaller shocks, but remained scared of the possibility of another major shock. We
started to establish safety precautions where we could. In the meantime, people
started gaining confidence and tried to get back to their normal lives (e.g., entering
their house and sleeping inside). Then there was another big earthquake with a
magnitude of 7.3 at around 1 PM on May 12, 2015. Many buildings that had been

Fig. 3 Improvised shelters in Kathmandu, April 25, 2015
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seriously affected previously collapsed this time. However, there were not as many
casualties as previously, since people were in the majority outside and prepared. On
this day, my wife and me were about to have lunch, she immediately ran under the
table and I was holding the pillar. We survived! During the day, all of us around
were busy setting up a camp in open space for the next few days. We set up a tent in
one of nearby paddy fields with some old workshop and conference posters. For
more than a week, we continued to sleep out in the field in our make-shift tent
(Fig. 4), whilst constantly adapting to our new post-quake reality.

3.3 Situation 3: Lukla PLNN Hospital and Airport
(M Brodmann Maeder)

Already in the first hours after the earthquake, it became evident that not only had
the earthquake caused injuries through collapsing buildings of falling objects. In
Kathmandu we heard the first news about Everest Base Camp, where an avalanche
was said to have destroyed a part of the tent village at 5364 m above sea level.

Fig. 4 Dr. Pun’s tent,
Kathmandu April 25, 2015
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The situation outside of Kathmandu in other regions was completely unknown, as
recon-flights were not available at that time.

That same evening, I was able to contact Captain Siddharta Gurung, chief pilot
of Simrik Air and the most experienced helicopter rescue pilot in Nepal. I offered
my help if Simrik Air planned to fly to more remote areas the next day. We agreed
to meet the next morning at 6 am at the domestic airport.

Whenwe arrived there, more information about the remote valleys slowly came in,
andwe learnt that a friend of ours had been trapped in a big landslide LangtangValley.
One of his friends had died, whilst another was severely injured. The two survivors
could only be evacuated the day after the earthquake, and the helicopter mission was
risky due to bad weather. Fortunately, the severely injured lady survived.
Simultaneously, news came in regarding victims from Everest Base Camp, who were
currently on the way to Lukla.With the help of the pilots from Simrik Air I was able to
fly to Lukla in a Russian MI-17 helicopter. Amongst the small group flying up to the
village in the Khumbu valley on 2850 m above sea level, I met an American para-
medic who spontaneously agreed to help with the treatment of the injured Nepalese
and international climbers coming from Everest Base Camp. In the rear of the heli-
copter a coffin with an earthquake victim from the Khumbu valley was transported to
his home.When we arrived in Lukla I headed towards Pasang Lhamu Nicole Niquille
Hospital (PLNN), where I soon realized that the building was heavily destroyed and
treatment was no longer possible inside the hospital. The staff from PLNN Hospital
was working outside under improvised shelters, waiting for victims of the earthquake,
which fortunately had hit Lukla much less than Kathmandu (Fig. 5).

Fig. 5 Staff from Pasang Lhamu Nicole Niquille (PLNN) Hospital, Lukla April 26, 2015
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With the help of local authorities, we established a triage post in Lukla airport.
On arrival, more than ten people (amongst them nurses, doctors, paramedics and a
policeman from different European countries and the US), addressed me in order to
offer their help. Based on the counts of local authorities in Luka, 65 victims, around
half of them foreign climbers and the other half Nepalese expedition staff, arrived
by helicopter. We quickly realized that they had already been treated by very
experienced healthcare professionals at Everest Base Camp and afterwards in
Pheriche. In Lukla, we were the third part of an ad hoc rescue chain for those people
who had been in Everest Base Camp, either as international climbers, expedition
staff members, climbing Sherpas or icefall doctors. In Lukla, more than 30 injured
victims received treatment in PLNN Hospital. There the X-ray room was still
working, and so we could diagnose several fractures of the arms, legs and ribs.
Overall we saw all sorts of injuries; such as, head injuries, suspected spine and
pelvic fractures, thoracic traumas, extremity and soft tissue injuries.

As the weather was changing, we ran the risk that flights to Kathmandu might be
cancelled due to bad weather (Fig. 6). Therefore, we worked hard to get an over-
view of the patients in order to decide on the priority of being flown out (Fig. 7),
plus to decide on which patients should be carried to the hospital for further
diagnostics and treatment (Fig. 8, top). The main treatment in Lukla consisted of
pain therapy and the cleaning of soft tissue injuries (Fig. 8, bottom). This procedure
was performed in Lukla hospital, which meant that the patient had to be carried on
an improvised stretcher up to Lukla Hospital. We were very grateful to have many

Fig. 6 Patients from Everest Base Camp (EBC) waiting for flight to Kathmandu, Lukla Airport
April 26, 2015
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local volunteers who were coordinated by a representative of the local authority.
The less severely injured patients received sweet drinks and some food, all of which
had been organized by the local people from Lukla. Two patients were severely
injured and needed either blood transfusions or immediate surgery. Therefore they
had to be transported to Kathmandu as a priority, as Lukla Hospital does not have a
blood bank or advanced surgical capacity.

Only two people stayed in Lukla and received treatment in an adjacent intact
house. A follow-up on all the patients was difficult because of a lack of coordination
in Kathmandu airport. Patients were transported to different hospitals in the capital,
where treatment was hard to obtain because of overwhelming numbers of patients.
Moreover, the expedition organizations had trouble to find their collaborators and
clients in the different hospitals. Later we heard that the two severely injured
patients who were transported to Kathmandu with highest priority, did not survive
because of a subsequent lack of appropriate medical treatment.

3.4 General Medical Situations in Nepal After April 25

We are referring to an update published by WHO in August 2015 (WHO 2015b).
The medical situation almost 100 days after the first big earthquake on April 25
stated that 99% of the destroyed and damaged health facilities had resumed ser-
vices, despite difficulties due to landslides and road blockages. Many of them

Fig. 7 International group of healthcare professionals, Lukla Airport, April 26, 2015
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needed reconstruction in alignment with architectural standards, which should make
them more resistant for future earthquakes. The WHO publication counts 446 fully
and 765 partially damaged public health facilities. In total 8898 people had
reportedly lost their lives, and 22,309 patients had been injured. 7324 surgical
interventions had been performed, and overall the earthquake affected 5.6 million
Nepalese people. Amazingly, apart from a minor outbreak of typhus (Basnyat
2016), there was no large outbreak of communicable diseases, despite the fact that

Fig. 8 Treatment of an EBC victim EBC by staff from PLNN Hospital (top) and Transport of an
EBC victim to PLNN Hospital by local people, army and police (bottom), Lukla April 26, 2015
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monsoon season started shortly after the mass casualty. Health priorities shifted
from disaster management, to the provision of on-going care for injured people with
rehabilitative needs and securing access to health care for the Nepalese population
with pregnant women, mothers and children of any age as priority focus groups.

3.5 Remote Areas

Information about remote areas and the most affected regions like Sindhupalchok or
Dolakha arrived very slowly due to blocked roads and difficult access to these areas.
Moreover, weather conditions made recon-flights risky. But the first pictures, which
were brought from helicopter missions, were alarming. Devastating landslides had
caused whole villages to disappear with all their inhabitants, and villages could no
longer be recognized because all the houses had collapsed. Thanks to the initiative
of the Nepalese people themselves, who walked in groups into these areas, these
underprivileged people in very remote regions were provided with food, blankets
and shelter. Official numbers state that for example in Sindhupalchok, more than
1% (3438 of 289,780 inhabitants) died and over 1500 were injured. The local
healthcare system was not able to cope with this situation because the only hospital
was completely destroyed, 1 of 3 Primary Health Care Centers was unable to
function due to damage and the two others were partially damaged. Of the 78 health
posts only 6 were functional. Health care professionals had also been killed or
injured, and this might partially explain the much higher amount of casualties
compared with injured people.

4 Disaster Relief

Financial and medical support poured in immediately both nationally and inter-
nationally. Nepalese and international non-profit organizations became active.
Under the auspices of the United Nations, and mainly the World Health
Organization, a cooperation with the Nepalese government was established in order
to coordinate the emerging international help. According to their bulletin from
August 2015 they had 227 health cluster partners and performed more than 3000
health cluster activities (Thapa et al. 2014). Tents were erected where hospital staff
could work during the reconstruction of the damaged or destroyed buildings.
Mainly international organizations quickly forged partners with their locally trusted
organizations to reach out to the most affected areas. But at the same time, the
Nepalese community came up to directly help people in the most remote areas like
Langtang Valley, Sindhuplachok and the Gorkha region. Not only did they bring
food, clean water, tarpaulins and shelter, they also started to raise monetary funds
for their country. In the first few days, there was hesitation to help from the Prime
Minister’s Fund, but that quickly picked up. After the first mass casualty situation
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was under control, international healthcare professionals started decentralized
rehabilitation units for patients with orthopedic or spine lesions.

Medical camps were restarted after a while in order to give inhabitants of very
remote areas in Nepal access to basic health care. PLNN Hospital in Lukla,
although still busy with reconstruction work in the completely destroyed hospital,
conducted a so-called LUHMA camp in November 2015 in Bung. A team of
Nepalese and European healthcare professionals (nurses, General Practitioners,
ophthalmologists, a dentist and a physiotherapist), were transported to a very
remote region of the Khumbu valley by helicopter and provided treatment for more
than 1000 patients in four days.

In the future, special attention should be given to mental disorders in the
aftermath of the earthquake—not to forget the many helpers and health care pro-
fessionals who were confronted with death, grief, loss of their beloved-ones or
threats of losing their own lives. According to a publication from the Ministry of
Health and Population from May 26, 2015 (MoPH 2015), Nepal disbursed more
than 623,000 USD into the health sector in order to respond to the disaster. WHO
talks about 41.8 Million USD, which was requested for the health sector, of
which45.8% had been funded by August 2015.

5 Conclusions and Remarks

Despite the existence of well-written policy documents which clearly addressed the
risks associated with natural hazards (mainly earthquakes), complete with steps
depicting how to best to prepare and eventually manage such scenarios, many of the
documents were pure paper and did not lead to concrete measures or proactive
training. Disaster preparedness was limited to people who had been involved in
earlier mass casualty events, but there was no structured approach to mass casu-
alties on such a large scale. Mainly, the health sector has not yet been able to
establish a well-defined curriculum in emergency medicine, let alone disaster
medicine. Initiatives in order to develop a rescue system have to date only been
developed by private international and non-profit organizations.

When the earthquake struck Nepal on April 25, it was Saturday around noon.
Many people were outside, schools and offices were closed, and this might explain
the relatively low rate of casualties—although almost 9000 deaths is still a shocking
number, and every dead person is a tragedy for a family. Most striking is the lower
proportion of injured people compared to the fatalities in the regions around the
epicenter like Sindhupalchok district. This might be explained by the mechanism of
damage; devastating landslides buried complete villages, and people had no chance
to escape. On the other hand, it might also be an expression of an insufficient rescue
and healthcare system in remote areas.

Nepal, a developing country, was able to handle this first phase unexpectedly
well. Immediate and rapid response to the earthquake came from the Nepalese
people together with government, Army, Armed Force Police and local non-profit
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organizations. It was amazing to watch the solidarity, which could mobilize
impressive forces. The Ministry of Health, in collaboration with support from
different UN organizations, coordinated a huge number of national and international
organizations. The international community reacted by sending humanitarian aid,
tons of equipment and human resources. Moreover, a lot of money was raised all
over the world as an expression of sympathy and solidarity with Nepal and its
inhabitants. Hence, some of the fund raising from both national and international
organizations was unregulated and not transparent. WHO supported the health
sector and supported the country by coordinating the medical relief with equipment,
medical supplies and health professionals. But dealing with more than 200 orga-
nizations is a big challenge.

6 Disaster Preparedness for Nepal in the Future

We all hope that the country can steadily recover from the tragic events which
started with the first earthquake on April 25, 2015. The restoration process will still
take several years, and will only be complete when all Nepalese inhabitants can live
in relative good health and environmentally protected circumstances. When we take
the WHO’s definition of health as a state of complete physical, mental and social
well-being and not merely the absence of disease or infirmity (WHO 1946, 2006),
we realize that the country is just at the beginning of the restoration process.
Unfortunately, the world community who initially gave a lot of support and sym-
pathy has eventually lost attention for Nepal, and still an impressive amount of
funds raised by the international community has not yet reached Nepal, let alone the
Nepalese people who urgently require money for the reconstruction of buildings
according to earthquake precaution standards. From a medical point of view, all
efforts must be taken to guarantee the severely affected Nepalese people that their
basic needs are covered. Where possible they should be encouraged to return to
those buildings considered safe constructions as soon as possible and reassured that
they have access to basic health care and eventually rehabilitation facilities in those
cases where handicapping injuries were sustained during the earthquake.

Moreover, lessons should be learnt from the mass casualty scenarios that pre-
sented as a result of this destructive natural event. Disaster preparedness training
and community initiatives must be implemented on a national, district and local
level. Public awareness must be improved, plus mainly in the health sector, com-
petencies built in order to enable improved, effective specialization in such mass
casualty events. Emergency medicine both for out-of-hospital rescue and
in-hospital must be developed, integrating disaster medicine as an important focus.
On a global level, international organizations must learn to collaborate in a coor-
dinated way, accepting that a regulatory body from an international organization
(e.g. UN or WHO) may intervene in order to coordinate and structure the inter-
national help; aid which is essential for disasters like the earthquake in Nepal.
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Although the experience of a severe earthquake, notwithstanding fear for one’s
own life, seeing others injured or dying, losing all personal belongings in collapsed
buildings and not knowing what the future will bring is hard, it was impressive to
see how quick and motivated the Nepalese people were in helping each other. Nepal
can be proud of the initiatives taken by the Nepalese themselves. Solidarity within
the country was huge and important in the first few hours and days after the
earthquake. But without the very quick international help, a developing country
such as Nepal could never have overcome the situation. Nepal will fight for
restoring a normal life for many years, and in this time international solidarity and
support must go on.
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Abstract In the context of growing number of natural or man-made disasters,
operations research methodologies are imperative for optimal and equitable use of
resources available for saving life and relief supports. On the PPRR risk manage-
ment model, preparedness or planning is most important in unavoidable disasters,
as most of the damages are due to lack of proper policy and effective planning
strategies for optimal use of available resources. To cope with problem of saving
affected and normalizing the situation after disaster is also challenging. On the basis
of the recent researches, the importance of mathematical modeling in emergency
planning is highlighted. In this work, basic models for facility locations, evacuation
planning, and relief distribution (humanitarian logistics) are discussed with exam-
ples. Recent trends in extending models to make them closer and closer to real-life
situations are recorded with their solution strategies, applications, and case studies
in brief.
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1 Introduction

Operations research (OR), sometimes known as operational research, management
science or industrial engineering, is a branch of mathematics which deals with the
use of mathematical procedures for complex decision processes. In the modern
decision-making processes and planning, OR methods have been proved vital in the
best use of available resources. The Operations Research Society of America rightly
describes OR as scientifically deciding how to best design and operate
man-machine systems, usually under conditions requiring the allocation of scarce
resources (Ravindran 2009).

In spite of various discoveries and urbanization, natural or man-made disasters
e.g. earthquakes, tsunamis, landslides, volcanic eruptions, hurricanes, typhoons,
floods, terrorist attacks, chemical explosions, etc. are posing threat to human life.
For optimal use and equitable distribution of available resources to cope with such
situations, application of operations research methodologies is unavoidable.

To cope with disastrous situations, the widely applied model is PPRR risk
management model, in which there are four steps/phases (Cronstedt et al. 2002;
EMA 2004).

1. Prevention/Mitigation: building codes, building-use regulations, public educa-
tion, public information, insurance, legislation, tax incentives/disincentives,
zoning/land-use management

2. Preparedness/Planning: emergency response plans, mutual aid agreements,
training programs, warning systems, public education, public information,
evacuation plans, emergency communications, resource inventories, refuge
shelters, test exercises

3. Response: plan implementation, inform higher authorities, search and rescue,
emergency declarations, institute public health measures, public information,
activate coordination centers, provide medical support, warning messages,
evacuation, mobilize resources, provide immediate relief, registration and
tracking, damage assessments

4. Recovery: restore essential services, distribute recovery stores, restore public
assets, counseling programs, public information, economic impact studies,
temporary housing, long-term medical support, review development plans,
financial support/assistance, manage public appeals, initiate reconstruction tasks

Most of the critical decisions to be made in emergency phases are related to
preparedness (planning) step/phase in the PPRR framework. The decisions related
to the choice of the locations of facilities so that the demand of the disaster region is
covered, identification of ideal routes in a transportation network, and assignment
of vehicles in case of evacuation of people to safe areas as quickly as possible,
distribution of relief supplies, etc. optimally, require mathematical tools and swift
computations. Fortunately, OR methods, especially optimization modeling, has
become a powerful tool to carry out such emergency decisions, since its first
adoption in maritime disaster situations in the 1970s (Caunhye et al. 2012).
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2 Motivation

The most fundamental necessity of human beings is saving life. But life of a human
being is in danger because of various reasons. Natural or human-created disasters
put lives of the whole population of certain region in danger. Most of the disasters
cannot be predicted and are unavoidable, and the damages caused by them are
severe, if the strategies are not well-planned and well-implemented.

Because of the geological reasons, Nepal is always under the threat of earth-
quakes, landslides, floods, avalanches, epidemics, and many more. The earthquake
of 1255 has been reported to destroy many houses and temples of Kathmandu
valley with the loss of one-fourth to one-third population. Similarly, the earth-
quakes of 1408, 1681, 1810, and 1833 A.D. were also devastating. The earthquakes
of 1934, 1998 created great damages on most of the physical structures with loss of
lives and properties. The 7.8 magnitude earthquake of 2015, followed by two
powerful aftershocks killed at least 8891 people, injured 22,302 people and also
damaged 602,567 private homes fully and 284,479 partially. Besides this, 2687
government offices are fully damaged and 3776 partially causing considerable
damage to most of the historical buildings and the cultural heritages (Dhamala and
Pyakurel 2016; Nepal Seismological Centre, n.d.). Earthquakes are prevalent all
over the world. The most devastating with magnitude 8.6 or more are: Assam Tibet
Earthquake (1950), Northern Sumatra Indonesia (2005), Rat Islands Alaska (1965),
Off the Coast of Ecuador (1906), Bio Bio Chilie (2010), Kam Chatta Russia (1952),
Sendai Japan (2011), Sumatra Indonesia (2004), Great Alaska Earthquake (1964),
Valdivia, Chile (1960). Moreover, earthquakes happening under the sea or the
ocean are the major causes of tsunamis (Uppal 2015).

The tsunami in the Indian Ocean and Japan, the two major hurricanes Katrina,
Rita, and Sandy in the U.S.A. (Litman 2006), the horrible terrorist attacks of
September 11 in New York City and Washington D.C. in the U.S.A., Bhopal
(India) gas tragedy (1984), the Banqiao dam collapse in China (1975), etc. also
created great damages.

The frequency and scale of natural or man-made disasters have increased and
such disasters may occur all around the world at any time. Such disasters have
incisive impact on human life as well as the economy and environment. So
emergency management planning has been in focus nowadays as it is highly
applicable and with novel humanitarian values to the society.

After any kind of disaster, the problem of saving affected and normalizing the
situation is challenging. Most damages are because of the lack of proper policy and
planning strategies. An effective emergency management plan with optimal use of
available resources has always been a challenge for researchers, planners, policy
makers, resources allocators, and concerned government authorities.
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3 OR in Emergency Planning

OR studies in emergency planning are focused on finding clearly defined activities
to be done in optimized way to save life. Any disaster operation has two phases:
pre-disaster operations and post-disaster operations. The pre-disaster activities on
which most of the OR studies focus are short-notice evacuation, facility location,
stock pre-positioning, etc. and post-disaster operations on which they focus are:
relief distribution, casualty transportation, etc.as shown in Fig. 1 (Caunhye et al.
2012).

In the forthcoming sections, we discuss OR in emergency planning under three
headings—facility locations, evacuation, and relief distribution or humanitarian
logistics.

3.1 Facility Locations

In general, facility location decisions studied in OR are related to locate the sites
where a factory, warehouse, business complex, office, etc. can be built to obtain the
maximum efficiency and effectiveness with minimum operating cost. Location
decisions are equally important in humanitarian relief in disaster situations.
However, there are differences between commercial facility decisions and facility
locations in emergency, in terms of their strategy goals, customer and demand
characteristics, and environmental factors (Balcik and Beamon 2008). In emergency
planning the facility locations include locating public emergency services like
ambulance station, fire stations, etc. with the primary objective to minimize the
response time (Haghani 1996).

Fig. 1 Framework for disaster operations
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3.2 Evacuation

Emergency evacuation is the immediate and urgent movement of people away from
threat, from the danger zone to the safety zone. According to DHS (2004), an
evacuation of a region is “organized, phased, and supervised withdrawal, dispersal,
or removal of civilians from dangerous, or potentially dangerous areas, and their
reception, and care in safe areas” (p.65). In OR, an emergency evacuation problem,
in general, focuses on finding the optimal use of vehicles and the routes in the
process of shifting residents from danger zones to safety areas as effectively as
possible with utmost reliability (Dhamala 2015). In fact, the evacuation planning
includes not only the removal and transfer of affected people, but also their care,
protection, logistic support, and much more.

3.3 Relief Distribution or Humanitarian Logistics

After any disaster, distributing necessary medical supplies and other life supporting
goods is imperative. Effective relief distribution focuses on optimal equitable
assignment of relief materials.

According to Ahmadi et al. (2015), in any disaster planning, humanitarian
logistics planning is the core of every relief operation. To decrease human losses, a
sufficient amount of supplies must be distributed after a catastrophe within some
time limit. In disaster situations like earthquake, some parts of the transportation
network may be damaged or may not be accessible which results in difficulties to
dispatch and deliver relief goods. So, proper mathematical modeling is required to
carry out relief distribution effectively.

4 Model Diversities

The power of OR methodologies rely heavily on mathematical models. In emer-
gency planning, most widely used models are facility location models, evacuation
models, and humanitarian logistic models.

4.1 Facility Locations Models

For given demand points and potential facility sites, the emergency facility location
problems focus on two aspects: which sites should be selected as depots for facilities,
and how many facilities should be placed at each depot. The facility location models
used in emergency planning are based on the following location models:
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1. P-median models: A P-median problem is formulated to determine location of
P facilities so as to minimize the average (total) distance between demands and
the facilities. The problem is mathematically expressed as follows (Hamacher
2016):

Let a1; . . .; aN be existing locations. Suppose that X1; . . .;Xp are the new facil-
ities. Let d X;Yð Þ denote the distance between two points X and Y . The objective of
P-median problem is to minimize

XN
i¼1

XP
j¼1

wijd ai;Xj
� �þ XP

l¼1

XP
k¼lþ 1

ŵlkd Xl;Xkð Þ ð1Þ

The number wij � 0 denotes the weight between the demand location ai and the
new facility location Xj. The greater the value of wij, the closer ai and Xj will be.
There is a similar interpretation about ŵlk between the new facility locations Xl and
Xk .

2. P-center models: A P-center model minimizes the maximum distance between
any demand point and its nearest facility. It considers that a demand point is
served by its nearest facility and therefore full coverage to all demand points is
always achieved (Jia et al. 2007; Li et al. 2011). According to Hamacher (2016),
its objective is to minimize:

max gex Newð Þ; gnew Newð Þf g ð2Þ

where gex Newð Þ ¼ max
i¼1

N
max
j¼1

P
wijd ai;Xj

� � ð3Þ

and gnew Newð Þ ¼ max
l¼1

P
max
k¼lþ 1

P
ŵlkd Xl;Xkð Þ ð4Þ

3. Covering models: The main objective of covering model is to provide “cov-
erage” to demand points. The demand point is considered as covered only if a
facility is available to service the demand point within a distance limit (Jia et al.
2007; Li et al. 2011).

The location set covering model (LSCP) is formulated as follows (Toregas et al.
1971). Suppose that V is the set of demand points, W is a set of potential facility
cites, Wi is the set of facility sites covering demand point i. Let xj be a binary
variable which decides whether the facility is located at site j, i.e., xj ¼ 1 if a facility
is located at the site j, otherwise xj ¼ 0. Then the objective is:
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min
X
j2W

xj ð5Þ

subject to
X
j2Wi

xij � 1; i 2 V ð6Þ

xj 2 0; 1f g; j 2 W ð7Þ

The objective (5) minimizes the total number of required facilities. Constraint
(6) ensures that the demand points are covered by at least one facility. For intensive
review on covering models and optimization techniques for emergency response
facility location and planning, the procedure mentioned in literature by (Li et al.
2011) is incorporated.

Example 1 To plan a location for a helicopter to serve some locations on their
demand in case of a emergency situation, let us consider five places of Western
Nepal—Huti, Muchu, Simikot, Rowa, and Jayaprithvi. To choose a single location
of a helicopter among all the points on the map, we should consider the point in
such a way that its distance from the farthest place is minimum. The problem can be
modeled as a P-Center problem, taking P = 1. The latitude and longitude of the
places (as shown in Fig. 2) are used to locate the positions of the points and
Euclidean distance is used as the distance between the points. Feeding the infor-
mation to software LoLoLA, the helicopter location is found near latitude, longi-
tude (29.71, 81.41).

Fig. 2 1-center location example
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The above-mentioned models are basic models. As per the requirements, the
models can be modified. Some models with such modifications are mentioned
below.

Haghani (1996) has presented two mixed-integer linear programming models for
a capacitated maximum covering location problem. The first maximizes covered
demand and the second maximizes the weighted covered demand as well as min-
imizes the average distance from the uncovered demands to the located facilities.
A variant of this model is developed by Balcik and Beamon (2008) to determine the
number of locations of distribution centers in a relief network and the amount of
relief supplies to be stocked at each distribution center to meet the needs of affected
population. Their model integrates facility locations and inventory decisions,
considers multiple item-types and captures budgetary constraints, and capacity
restrictions.

Based on location models, Jia et al. (2007) propose a large-scale emergency
medical service problem (LEMS) and analyze covering, P-median, and P-center
variants of it. In large-scale disasters such as biological attacks, hurricanes, or
earthquakes, P-center problem cannot be used without modification, as most of the
facilities located too close will be either damaged or become function-less (Huang
et al. 2010). They propose a variant of P-center problem with an additional
assumption that the facility at a node fails to respond to demands from the node.
They use dynamic programming approach for the location on a path network.

Recently, a three-objective decision optimization model for emergency rescue
facilities in the context of large scale urban environmental accidents has been
constructed by Zhao and Chen (2015). The first objective is to maximize the
amount of demand covered by a specified number of facilities, the second objective
is to minimize the sum of total weighted distances between any demand units and
its closest facility, and the third objective is to minimize the maximum distance
from any demand point to its closest facility.

4.2 Evacuation Models

Basically, evacuation models can be classified into two broad categories, micro-
scopic and macroscopic. The microscopic models emphasize individual parameters
like walking speed, reaction time, physical ability, and the interaction of each
evacuee with the other evacuees during the movement. On the other hand, the
macroscopic models treat occupants as a homogeneous group (Hamacher and
Tjandra 2001; Dhamala 2015).

Most of the macroscopic evacuation models (especially auto-based) are based on
dynamic network flow models (discrete and continuous) (Dhamala 2015; Pyakurel
and Dhamala 2015). We describe the discrete dynamic network flow model in brief.

As mentioned earlier, the region to be evacuated is modeled by a network in
which the intersection of the streets (roads) are considered as nodes, and the streets
(roads) are considered as edges of the network. The locations where evacuees are
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situated initially are source nodes and the safe locations where the evacuees are to
be transported are sink nodes. The maximum number of people (or vehicles or such
commodities) at a node that can be present at a time is the capacity of the node and
the maximum number of people (or vehicles or other such commodities) that can
travel through an edge at a time is the capacity of the edge. For the sake of
mathematical manipulation, an imaginary node s, called super source node, is
added with capacity equal to sum of the capacities of the source nodes and con-
nected to the source nodes by imaginary arcs with infinite arc capacities. Likewise,
A super sink node t with capacity equal to the sum of the capacities of the sink
nodes is connected with the sink nodes by imaginary arcs with infinite arc
capacities.

Let V be the set of nodes and E be the set of arcs in a network N ¼ V ;Eð Þ. Let
A vð Þ denote the set of arcs starting from the node v and B vð Þ, the set of arcs ending
at v. It is assumed that A sð Þ ¼ B tð Þ ¼ ;. The egress time (i.e. the time evacuees
need to move towards the safety area) of T units is discretized as
T ¼ 0; 1; 2; . . .; Tf g. Suppose that x e; hð Þ represents the number of evacuees which
start moving along the arc e at any time h and reach its end after time s eð Þ. If b e; hð Þ
is the capacity of the arc e at any time h 2 T, then in the following mathematical
formulation, the constraint (8) guarantees the evacuees entering an intermediate
node leave it within the egress time. Constraint (9) allows holding the evacuees at
intermediate nodes, and the constraint (10) does not allow the flow of evacuees in
any arc exceed its capacity (Ford and Fulkerson 1958).

XT
r¼s eð Þ

X
e2B vð Þ

x e; r� s eð Þð Þ �
XT
r¼0

X
e2A vð Þ

x e; rð Þ ¼ 0; 8v 62 s; tf g ð8Þ

Xh
r¼s eð Þ

X
e2B vð Þ

x e; r� s eð Þð Þ �
Xh
r¼0

X
e2A vð Þ

x e; rð Þ� 0; 8v 62 s; tf g; 8h 2 T ð9Þ

0� x e; hð Þ� b e; hð Þ; 8e 2 E; 8h 2 T ð10Þ

The objective function is set as per the requirement of the evacuation. For
example, if the requirement is to maximize the number of evacuees within a given
time, we maximize the total number of evacuees entering the super sink (i.e. leaving
the super source) within the given time horizon T :

XT
r¼0

X
e2A sð Þ

x e; rð Þ ¼
XT
r¼s eð Þ

X
e2B tð Þ

x e;r� s eð Þð Þ ð11Þ

Depending on the objectives, the following are different dynamic network flow
problems:
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1. Maximum flow and minimum cost problems to estimate the maximum possible
number of people that can be transfered through the evacuation network in a
given time horizon.

2. Lexicographic flow problems deal with maximizing the flows leaving the ter-
minals in the given order in a multi-source multi-sink network. This also lexi-
cographically minimizes the flows entering the sinks in the given order.

3. Quickest flow problems deal with the minimization of the time-horizon to
transfer a given amount of flow value from initial position to the destination
along the paths.

4. Earliest arrival flow problems deal with transferring the evacuees from the
source to the destination such that the total number of evacuees reaching the
destination is maximal for all points in time simultaneously.

5. Time-dependent problems deal with time-varying inputs in the network, i.e., the
arc travel times, arc and node capacities, and supply at the source vary with time
(Miller-Hookes and Patterson 2004).

6. Contraflows deal with finding a network configuration with ideal directions to
each lane for a desired objective. Contraflow technique is also applicable to
reduce congestion and traffic jams during the day-to-day rush hours. See also
Pyakurel (2016).

Contraflow has gained a considerable attention in evacuation literature because
finding ideal direction of lanes of a road network, the flow can be increased and
evacuation time can be reduced as compared to the evacuation in the existing road
configuration. Depending the objective, the contraflow variants are: maximum
dynamic contraflow problem, lexicographic contraflow problem, the earliest arrival
contraflow problem, etc. (Pyakurel and Dhamala 2014, 2016, 2017; Pyakurel
2016).

Example 2 Let us consider a two terminal dynamic evacuation network as in
Fig. 3a. Each node represents a city or a region and each arc represents the road
segment between them. Nodes s and d are modeled as a disastrous area and a safe
destination, respectively. Each arc has capacity and travel time. For example, an arc
between nodes s and x has capacity 3 and transit time 1, i.e. if time unit is 3 min,
maximum 3 units of flow can simultaneously travel in 3 min from s to x. Let T = 5
be the evacuation time, i.e., the time of the longest path. The maximum flow value
within time T = 5 is 10 through different paths. Here path s� x� y� d reaches to

Fig. 3 a Evacuation scenario b Controflow solution c Optimal network
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d at time 3 with 1 flow and it repeats at times 4 and 5. Path s� x� d carries 2 units
of flow at times 4 and repeats at time 5. Similarly, path s� y� d reaches to d at
time 5 with 3 units of flow. In other words, if we have to transship 10 flow units
from s to d, it takes 5 units of time i.e., the quickest flow with the same repeated
paths as describe above. After the contraflow reconfigurations of the evacuation
network as in Fig. 3b, the amount of flow through the arc s; xð Þ is 7 within 3 min
and the maximum contraflow is 22 units of flow with the same paths s� x� y� d,
s� x� d and s� y� d. Moreover, we can transship the 22 units of flow within 5
units of time, i.e., the quickest contraflow. Thus, contraflow configuration increases
the flow value and decreases the evacuation time significantly in comparison to the
case without contraflow. Finally, we can save arc d; xð Þ as shown in Fig. 3c that
may be used for logistic supports during disasters.

Using natural transformation, the discrete dynamic flow models can be con-
verted to continuous dynamic flow models and vice versa. In a recent work,
Pyakurel and Dhamala (2016) have studied the continuous version of the discrete
dynamic flow model and formulated a mathematical model for a continuous
dynamic contraflow problem to send maximum number of flow as a flow rate from
the source to the sink in every moment of time unit. Using the similar notations
used in discrete formulation, taking T = 0; T½ � the continuous formulation, with the
objective of the maximum dynamic flow, is to maximize the flow F satisfying
constraints (12)–(15).

F ¼
Z T

0

X
e2A sð Þ

x e; rð Þdr ¼
Z T

0

X
e2B tð Þ

x e; r� s eð Þð Þdr ð12Þ

Z T

0

X
e2B vð Þ

x e; r� s eð Þð Þdr�
Z T

0

X
e2A vð Þ

x e;rð Þdr ¼ 0; 8v 62 s; tf g ð13Þ

Z h

0

X
e2B vð Þ

x e; r� s eð Þð Þdr�
Z h

0

X
e2A vð Þ

x e; rð Þdr� 0; 8v 62 s; tf g; 8h 2 T ð14Þ

0� x e; hð Þ� b e; hð Þ; 8e 2 E; 8h 2 T ð15Þ

A variant of dynamic network flow model is pattern-based discrete dynamic
network flow model that restructures the traffic routing to minimize the overall time
of evacuation assuming that every person can leave the evacuation zone on its own
by a vehicle (Bretschneider and Kimms 2012). For the optimization model every
feasible combination of numbers of lanes is constructed in advance and is united in
patterns for every intersection and for every street between two intersections
afterwards. The dynamic network flow mixed integer program is designed so that
exactly one pattern for every intersection and for every street-connection is chosen
(Bretschneider 2012).
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The above mentioned models, also known as auto-based evacuation models, are
developed on the assumption that the evacuees can evacuate using their own vehicles
and do not reenter the evacuation zone. Transit based evacuation models are devel-
oped for the evacuees needing transit-vehicles, e.g. buses, ambulances, etc. which
may require multiple trips to the evacuation zone, and multi-commodity models
incorporate both types of aforementioned evacuation models (Bretschneider 2012).

Keeping in mind the inaccessibility of a significant population to private vehicles
(because of economic reasons or health issues etc.), based on vehicle routing
problem (VRP) as mentioned in Sect. 4.3, bus evacuation problem (BEP) model of
evacuation is proposed by Bish (2011). Departing, to much extent from VRP, the
objective of BEP is to minimize the time of evacuation in case of a short notice
using given number of homogeneous buses, when the number of people to be
evacuated is known in advance. BEP is formulated as a mixed integer linear pro-
gram in which the decision variables determine the assignment of routes to buses
and assignment of buses to the evacuees so that the evacuation time of the last
evacuee to reach the safe destination is minimized given a set of homogeneous
buses and known number of evacuees at the sources. Considering that the number
of evacuees is not known at the beginning of the evacuation, Goerigk and Grün
(2014), have formulated a robust bus evacuation problem (RBEP).

Example 3 Let us consider, an evacuation scenario in which evacuees gathered at
two collection locations A and B are to be evacuated to a safe location S by two
identical buses located at depot D (Fig. 4). The time of travel of a bus from D to A,
D to B, A to S, and B to S are 10, 20, 35, and 30 (in minutes) respectively. The
number of evacuees at A is equal to 2 bus-loads and that at B is equal to 1 bus-load.
Denoting the buses by BUS1 and BUS2, we have different possibilities, e.g.

(i) BUS1: D-A-S (45 min), BUS2: D-B-S (50 min),
BUS1: S-A-S (70 min)
Travel time for BUS1 = 115 min
Travel time for BUS2 = 50 min
Evacuation time = 115 min

(ii) BUS1: D-A-S (45 min), BUS2: D-A-S (45 min),
BUS1: S-B-S (60 min)
Travel time for BUS1 = 105 min
Travel time for BUS2 = 45 min
Evacuation time = 105 min

BEP is formulated, so as to choose the minimum of the evacuation times of all
possibilities.

To make the evacuation more realistic, there is growing concern of the research
community towards planning evacuation using public transit-vehicles, private
vehicles, ambulances, etc. simultaneously. For example, Bretschneider (2012)
discusses a multimodal urban evacuation problem to structure traffic flow so that
evacuees are evacuated as quickly as possible and evacuees needing medical
assistance are transported to hospitals via ambulances. Microscopic models of
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evacuation use computer simulations to solve evacuation problem optimally. In a
review, Pel et al. (2012) elaborate on mathematical model formulations underlying
traffic simulation models incorporating behavioral aspects of evacuees during
evacuation.

4.3 Relief Distribution or Humanitarian Logistic Models

Logistic problems are often modeled as variants of the vehicle routing problem
(VRP). In this connection, we give the basic model of the VRP. The objective of
VRP is to find optimal set of routes for a fleet of vehicles to traverse in order to
deliver to a given set of customers with minimum cost.

Let V ¼ 0; 1; . . .; nf g where 0 denotes the depot, the location of m vehicles of
equal capacity Q. i 6¼ 0ð Þ 2 V represents customer with some demand qi �Q. The
cost of a bus traveling from a depot or a customer i to j (or from j to i) is cij. The
problem is to find a set of m vehicle routes to minimize the total cost so that (i) the
vehicle starts and ends at the depot, (ii) each customer is visited by exactly one
vehicle, (iii) the total demand of any route does not exceed Q. For this, we consider,
G ¼ V ;Eð Þ an undirected graph, where E ¼ f i; jð Þ : i; j 2 V ; i\jg is the set of
edges. Representing the number of times an edge i; jð Þ appears in the optimal
solution by xij, the problem is the following integer linear program (Laporte 2007).

min
X
i;jð Þ2E

cijxij ð16Þ

subject to:

X
j2Vn 0f g

x0j ¼ 2m ð17Þ

Fig. 4 Elementary BEP
instance
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X
i\k

xik þ
X
j[ k

xkj ¼ 2 k 2 Vn 0f gð Þ ð18Þ

X
i 2 S; j 62 S
ori 62 S; j 2 S

xij � 2b Sð Þ; S � Vn 0f gð Þ ð19Þ

xij ¼ 0 or 1; i; j 2 Vn 0f gð Þ ð20Þ

x0j ¼ 0; 1or 2; j 2 Vn 0f gð Þ ð21Þ

The objective function (16) minimizes the total routing cost. Constraints
(17) ensure that each vehicle returns back to the depot. Constraints (18) ensure that
two edges are incident to each customer vertex. In constraints (19), b Sð Þ is a lower
bound on the number of vehicles required to serve all customers of the subset S.

There are several variations of VRP depending on different contexts. Most of the
relief distribution models are formulated using these variations. Some such
examples are given below.

Based on vehicle routing problem with soft time windows (VRPSTW), in split
delivery vehicle routing problem (SDVRP), Lin et al. (2011) propose a
multi-objective integer programming model considering multi-items, multi-vehicles,
multi-periods, soft time windows, and a split delivery strategy. Their first objective
minimizes the total unsatisfied demand especially for high priority items. The second
objective minimizes the total travel time for all tours and all vehicles. The final
objective minimizes the difference in the satisfaction rate (the ratio between the
requested demand and the actual delivered amounts) between nodes.

A variant of VRP in relief distribution is last-mile distribution problem or
last-mile delivery problem (LMDP) model. According to Huang et al. (2012),
LMDP is formulated with an extension of the set partitioning formulation of vehicle
routing problem (VRP) to render the efficient service. Since humanitarian relief in
disastrous situations is beyond the minimization of cost, Huang et al. (2012)
incorporate, hard-to-measure characteristics, efficacy (i.e., the extent to which the
goals of quick and sufficient distribution are met), and equity (i.e., the extent to
which all recipients receive comparable service) to formulate a stylized version of
LMDP. They explore how efficiency, efficacy, and equity influence the structure of
vehicle routes and the distribution of resources.

To establish at which drop-points supplies should arrive and be managed for
further distribution, and the international depots from which these supplies should
originate the relief distribution in a wide disastrous area, Rennemo et al. (2014)
develop a three-stage mixed-integer stochastic programming model comprising
facility location and last mile distribution decisions. The planning problem includes
creation of a distribution plan for the available vehicle types and commodities, from
point of supply to point of consumption via local distribution centers, in order to
meet the immediate needs of the affected population. Fairness of distribution is
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considered by the model by assigning differe nt utilities to different groups of
recipients, so that the most needed ones can receive a greater attention. In this
model, the types of vehicles available and the characteristics of each type are
deterministic. The number of vehicles per type at disposal at each local distribution
center, the demand of each commodity at each point of distribution and the
availability of each link of the infrastructure are uncertain. In the first stage of the
model, selection of local distributions centers and the amount of goods to be sent to
them from each main distribution center are decided. After stage 1, vehicle capacity
and total demand are supposed to be certain, following which initial routes can be
generated at stage 2 based on an anticipation of the state of the network that is the
unknown parameter at this stage. In accordance with this plan, vehicles are packed
and dispatched, and stage 3 corresponds to recourse actions to be taken once the
state of the network is known with certainty.

Similar to the model by Rennemo et al. (2014), a multi-depot location-routing
problem model (MDLRP model) is proposed by Ahmadi et al. (2015) to minimize
the total distribution time, penalty cost of unsatisfied demand, and fixed cost of
opening local distribution centers considering a partial network failure in the
aftermath of an earth-quake, and the cost of unsatisfied demand. A significant
feature of this model is the feeding real-time GIS data into the planning process.
The operational MDLRP is formulated as a mixed integer non-linear programming
in which some constraints are non-linear and a linearization approach is used to
solve it as suggested in Mahadevi et al. (2010). Broadly analogous to a job shop
scheduling problem, Osman et al. (2009) propose a hot zone transportation routine
problem (HZTRP) optimization model, where hot zone refers to the geographic
region of the catastrophic event. With the objective to minimize the total tardiness
(lateness), the model deals with the distribution of logistics in a disastrous area with
the aspects of moving people and materials out of and into the disastrous area.
Haghani and Oh (1996) have formulated multi-commodity, multi-modal network
flow problem with time windows on a time-space network for disaster relief
operations.

5 Solution Status

Most of the emergency planning problems formulated mathematically are in the
form of mixed integer linear programming problem (MILP) with some binary
decision variables (decision variables taking the value either 0 or 1). As the size of
the problem increases, the difficulty of getting exact solution (complexity) of an
integer program grows more quickly than the linear program with real variables
(Fourer et al. 2003). The real world problems related to emergency planning tend to
be large and exhibit an exponential complexity with the problem size (NP-hard)
(Lima and Grossmann 2011). So, to find the solutions of the formulated problems,
the researchers develop algorithms to arrive at the solutions quickly. Below, we
give a brief account of common solution strategies.
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To solve the capacitated maximum covering location problem, Haghani (1996)
presented two algorithms. The first algorithm is a greedy adding heuristic which
locates one facility at each iteration. After locating each facility, the set of candidate
locations and the allocation of their demands are updated, continuing until no more
facility can be located. The second solution procedure is based on Lagrangian
relaxation. To solve facility location and stock-prepositioning model, Balcik and
Beamon (2008) have used Geometric Algebraic Modeling System (GAMS) using
CPLEX solver. As mentioned in Jia et al. (2007), ReVelle and Swain (1970)
expressed P-median location problem as a linear integer program and solved by
using branch-and-bound algorithm. Zhao and Chen (2015) have used a mesh-based
spatial representation and encoding strategy, coupling with the non-dominated
sorting genetic algorithm to solve the three-objective model. Lin et al. (2011) have
used two heuristics: 1st based on genetic algorithm, 2nd: decomposing the original
problem into sub-problems (decomposition and assignment heuristic, DAH
algorithm).

To solve most of the discrete dynamic network flow based evacuation problems,
the algorithms designed for static network are used in a time-expanded network
(Hamacher and Tjandra 2001). Groß and Skutella (2012) have presented an algo-
rithm for generalized maximum dynamic flow. Proving its correctness, Pyakurel
et al. (2014) have presented generalized maximum contraflow on lossy network.
Moreover, Pyakurel and Dhamala (2016) have presented efficient algorithms to
solve various aspects of contraflow in continuous time settings.

To solve the bus evacuation problem (BEP), Bish (2011) has devised two
heuristic algorithms and Goerigk et al. (2013) have presented branch-and-bound
algorithms to solve a modified version of BEP considering the number of evacuees
at each source to be integer multiples of a bus capacity.

6 Applications

Mathematical models seldom represent all the characteristics of real-life situations
because when formulating mathematical models, one has to idealize the real-life
problem by making some simplifying hypotheses (Lancaster 1976). So, one has to
be careful using the solutions of the mathematical models to real world problem.
Nonetheless, the models are meant to practical life applications. for example, P-
median problem has wide applications in medical services. One of the major
applications is the relocation of ambulances during the emergencies in different
scenarios in order to minimize the average response time to the service calls. The
other location models also have their applications in emergencies like a dirty bomb,
anthrax, and small-pox terrorist attacks. For details see Jia et al. (2007).

Various examples can be given to justify the applications of OR models on
emergency planning. The evacuation of Yokosuka City by Yamada (1996), and the
evacuation of Knox County, Tennessee (Han et al. 2006) were carried out using a
maximum cost flow (MCF) network model. The maximum flow models for
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hurricane evacuation have been considered in Lim et al. (2009) and Lim et al.
(2012). The latter uses the Greater Houston area, including the City of Galveston, to
evaluate by their approach.

Goerigk et al. (2014) consider two instances of (i) finding a bomb within city
center of Kaiserslautern, Germany and (ii) an earthquake with a subsequent flood in
the area of Nice, France to test the applicability of their modeling of a compre-
hensive evacuation planning using genetic solution algorithm.

An application of bus evacuation problem is presented by Pyakurel et al. (2015)
in a case study of the evacuation planning of transit dependent people of
Kathmandu valley to evacuate population of around 25,672 within the area of
1.45 km2 using branch-and-bound algorithm and tabu search algorithm. The best
results obtained for an instance are: evacuation time of 29 min with 6 or 5 sources
and 5 sinks for evacuation of 50% population using 140 buses having 90 evacuees
per bus capacity and 15 km/hr speed.

To test the integrated contraflow strategy for the multimodal evacuation, Hua
et al. (2014) consider Ningbo city located on the east coast of the Pacific Ocean
where there are on an average of 3.1 typhoons per year. They present a plan to
evacuate 350,000 people with 69,000 auto vehicles each vehicle with an average
capacity of 2.9 and buses with each 35 seats.

To apply a mathematical model for planning helicopter logistics in disaster
relief, Ozdamar (2011) used a scenario that is based on the post-earthquake damage
data provided by the disaster coordination center of Istanbul.

7 Conclusions

In this work, the importance of operations research methodologies in emergency
planning is highlighted subscribing to recent research works done in the field of
OR. Mathematical models, their solution approaches with some applications,
mainly on facility locations, evacuation, and humanitarian logistics relying on
transportation network in emergency situations are discussed. Although the models
are formulated to solve real-life problems, because of complexity of the problems,
one has to compromise with reality in spite of the developments in fast computing
devices. To tackle emergency situations, there is always a need of mathematical
model close to reality and solution algorithm fast enough to get solutions.
Moreover, there is a need of operations research strategies to address the other
issues of PPRR framework.
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Economic Loss from Earthquake in Nepal
and Strategies for Recovery and Resilience
Building

Ganesh R. Joshi and Narayan B. Joshi

Abstract The earthquakes on April 2015 took over 8790 casualties and 22,300
injuries with the destruction of physical infrastructures, heritages sites, community
infrastructures and green infrastructures. This put a tremendous demand on different
services and support from the affected people. The relief operations after the dis-
aster were quite encouraging. However, the rehabilitation and reconstruction is
delayed due to issues related with political, institutional, legal and governance. In
this context, the strategy should aim for inclusive and resilient recovery. It should
focus on reducing the disaster related risks and building better back. Moreover, it
should consider the reconstruction of damaged assets, improvement in disaster
preparedness response mechanism, and enhancement of measures for multi-hazard
risk monitoring, vulnerability assessment, risk information dissemination and
awareness. Similarly, there is a need to improve legal and institutional arrangements
and mainstream disaster risk reduction into the developmental sector. There are
several aspects of recovery which can be implemented only by developing a
national consensus. Strong political will, sustained resource mobilization and
continuous dialogue with the affected people, are among the most important pre-
requisites of a recovery program. The provision of income generating activities,
skills development and community mobilization are catalytic for swift recovery and
enhanced resilience. In addition, the existing institutions at all levels should be
strengthened.
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1 Background

Nepal is exposed to multiple recurrent hazards and ranks 4th and 30th in terms of
climate change and flood risk, respectively (Dangal 2011) and 20th most disaster
prone country in the world (CfE 2015). In addition, Nepal is the 11th most
earthquake-prone country in the world (UNDP 2009). Ever since the first recorded
earthquake of 1255 AD that killed one-third of the population of the Kathmandu
Valley, Nepal has experienced a major earthquake in every few generations. The
last great earthquake (of magnitude 8.4) in 1934 AD resulted in more than 10,000
deaths in the Kathmandu Valley. There have been earthquakes causing severe
human and physical loss in 1980, 1988 and 2011. Nepal had not faced a natural
shock of comparable magnitude for over 80 years period. The earthquake of April
2015 took over 8790 casualties and 22,300 injuries. It is estimated that the lives of 8
million people, almost one-third of the population of Nepal, have been impacted by
this earthquake. Out of 75 districts, 31 districts have been affected. Among them, 14
were declared ‘crisis-hit’ for the purpose of prioritizing rescue and relief operations;
another 17 neighboring districts are partially affected. The destruction covered
buildings, heritage sites, schools and health posts, rural roads, bridges, water supply
systems, agricultural land, trekking routes, hydropower plants and sports facilities.
Most of the infrastructures and major heritage sites had to be rebuilt.

Almost all the sectors of the economy affected by disaster and disrupted the
livelihoods of millions of people. Agriculture, the mainstay of the economy, was
critically affected, with a impact on livelihoods and food security (WFP 2015).
About half of the food consumed in rural areas is self-produced (WFP 2015) which
decreased significantly in the following year. Markets were impacted widely. Out of
91 markets assessed in 10 districts after 9 months of the disaster, 50% were not
functioning, 40% were showing early signs of recovery, and the remaining 10%
were functioning but with price increases and unavailability of some commodities
(OSOCC 2015).

Prior to the devastating earthquakes Nepal was already among the poorest
countries in the world and the second poorest in South Asia with a per capita Gross
National Income (GNI) of US$700 in 2014, and ranking 145 out of 187 in the 2014
Human Development Index (UNDP 2014). The people living below poverty line of
income were 25.2% of the population (CBS 2011). This disaster further pushed
around one million, below the poverty line, thus exacerbating inequalities in Nepali
society (NRA 2016). Deterioration of water and sanitation services, disruption of
schools and health services, and the possible food insecurity led to a bigger impact
on multidimensional poverty (NPC 2015). The earthquake posed a significant
disadvantage to the vulnerable groups including women. Fifty-five percent of those
who died were female, with data showing that women and girls have been dis-
proportionately affected by the earthquake, depending on their social roles and
locations (UNOCHA 2015).
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The earthquakes exposed the affected districts of Nepal to socio-economic fra-
gility and vulnerability, put significant stress on government resources, and severely
impacted service delivery capacity. This put at risk the recent developmental gains
and the hope for graduation from Least Developed Country (LDC) status and posed
challenges for further democratic transition. With the above background, this paper
aims to document and analyze the losses and damages caused by the earthquake and
initiatives undertaken so far for relief, rehabilitation and reconstruction by
reviewing secondary information and suggest the measures to be adopted for
effective recovery and resilience building related works.

2 Loss and Damage Assessment

2.1 Economic Loss

The government made post-disaster needs assessment (PDNA) report reveals an
estimated total value of disaster effects (both damages and losses) caused by the
earthquakes is equivalent to US$7 billion (NPC 2015). Of that amount, 76% of the
total effects represent the value of destroyed physical assets, and 24% of the total
effects reflect the losses and higher costs of production of goods and services arising
from the disaster. The estimated value of total damages and losses is equivalent to
about one third of the Gross Domestic Product (GDP) in FY 2013/14. The relative
distribution of effects, that is, damages versus losses—is typical of disasters caused
by natural events of geological origin, whereby the larger fraction of disaster effects
represents the destruction of physical and durable assets. According to MOF (2016)
the impact of earthquake resulted in an economic growth of 2.32% in FY 2014/15
and just 0.77% in FY 2015/16, lowest in the decade which is a combined effect of
earthquake and stagnation of economic activities in our Southern border points
(Fig. 1).

2.2 Physical Loss and Damage

The earthquake caused widespread destruction of housing and human settlements.
Over half million houses were completely destroyed and more than 250,000 houses
were partially damaged. The large-scale destruction of housing resulted primarily
from the seismic vulnerability of unreinforced masonry houses that predominate
throughout the country. Almost 58% of all housing construction was of low
strength masonry stone or brick masonry with mud mortar, without seismic-resilient
features. These buildings suffered widespread damage and collapsed throughout the
districts that experienced intense ground shaking. Other common building types
such as cement-mortared masonry and reinforced concrete frame buildings were
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somewhat better off but still suffered significantly due to deficiencies in material,
design, detailing and craftsmanship.

Nearly 84% (375 out of 446 health facilities) of the completely damaged health
facilities were in the 14 most-affected districts. As a result, the ability of health
facilities to respond to health care needs affected and service delivery was disor-
ganized. Consequently, vulnerable population, including disaster victims, were
further disadvantaged in accessing health services in remote areas. Approximately
250,000 children from the ages of 6–59 months, 135,000 pregnant and lactating
women were affected by earthquake in the 14 districts. Educational services in the
affected districts were severely disrupted by the earthquake, which has likely impact
on enrolment and attendance, leading to an increase in the number of children out of
school.

The earthquake affected about 2900 heritage structures with high cultural and
religious values. Major monuments in Kathmandu’s seven world heritage monu-
ment zones were severely damaged and many collapsed completely.

The earthquakes damaged crop lands, farms and physical infrastructures.
Production losses occurred both in crop and livestock subsectors which include the
value of lost crops, increased costs of production and estimated production loss in
subsequent seasons. The earthquake had a serious impact on agriculture-based
livelihoods, increasing the vulnerability of rural communities to hunger and food
insecurity.

The infrastructure and functionality of about 290 of 1877 irrigation schemes was
reported to be affected to various degrees by the earthquake. Typical damage
included small and major cracks on reinforced cement and concrete (RCC) canals,
falls or other structures due to ground shaking; displacement of canals due to loss of
gradient; degradation or washing away of RCC canal sections due to landslides and
rock fall; and damage to retaining walls. The commerce and industry sectors were
affected due to physical damages, lack of labor, reduced demand and damaged to
trade related infrastructures. Larger establishments suffered less physical damages,
while substantial number of household-based micro enterprises suffered major

Fig. 1 Percentage growth of the economy for the period from 2006 to 2015
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damages. The earthquake heavily impacted the tourism industry of Nepal as pop-
ular trekking routes sustained damages from the earthquake and its associated
landslides and avalanches. Various aspects of the disaster have posed safety con-
cerns for tourists and hence Nepal attracted about 32% less tourist than the previous
year (Prasain 2016). This also resulted the reduction in tourist spending per day
from US$35 to 43 (as per industry sources), which will significantly affect rev-
enues. Travel and Tourism contributes 9% to the total Gross Domestic Product and
supports 3.5% of total employment in the country (WTTC 2015). The Tourism
Employment Survey 2014 shows that every six tourists create one job in Nepal and
the tourism industry provides poor communities with better access to revenues
generated by the tourism market (Prasain 2016). Therefore, the disaster impacted
the livelihoods of around one million people who were dependent on tourism. Other
nations that have experienced similar disasters have generally taken several years to
recover fully with regard to tourist arrivals. It is estimated that the overall impact of
the earthquakes on the Nepali tourism industry will be a reduction of about 20–40%
on average over a year period from 1 to 3 years.

In the financial sector, the credit portfolios of microfinance and cooperatives
were most severely impacted because people from low income sections in rural
areas lost lives and livelihoods. The income flow of most of the borrowers affected
and also lack alternative income-earning opportunities.

In the electricity sub-sector, about 115 MW hydropower generation facilities
under operation out of the 787 MW total installed capacities in the country (on-grid
and off-grid) were severely damaged, while 60 MW were partially damaged. The
disaster also caused a heavy damage and loss of community infrastructures. Those
were rural transport, water supply and sanitation, irrigation, electricity, community
buildings, social infrastructure, and solid waste infrastructure. Damage to com-
munity infrastructure can have a negative impact on the livelihoods as well as on
time availability of resources from alternative sources. A small percentage of the
strategic roads network (SRN) and local road networks were completely damaged
or washed out. Blockage of rural roads will create challenges in accessing essential
services and marketing agriculture produce to districts and urban markets.

Out of 11,288 water supply systems, 1570 sustained major damages, 3663
partially damaged, and over 200 thousand toilets were damaged. This affected more
particularly the women and girls in the rural areas.

The ability of the government to lead the post-earthquake recovery work has
been severely affected. Rebuilding and repair of government infrastructure is crit-
ical for ensuring service delivery to people. Large landslides, mudflows and other
large-scale dislocation of hillsides inflicted damage in forest areas and protected
areas. Large areas of natural forests were destroyed, compromising the capacity of
natural forest ecosystems to deliver important services and benefits to people.

The earthquakes affected the livelihoods of about 2.29 million households and
5.6 million workers across 31 affected districts, resulting in losses amounting to 94
million workdays and NRs 17 billion of personal income in FY 2015/16. Although
personal income loss was equivalent to only 2% of the total disaster effect, it is
important to highlight that annual labor earnings in Nepal are extremely low.
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Therefore, even a minor income loss has serious implication. It was estimated that
46 million workdays would be lost in the agricultural sector, at least 860,000
workers in commerce and industry, of which approximately 33.9% are women, and
at least 84,000 workers in the tourism sector, 52% of them being women, have been
affected by the earthquakes.

Following the earthquake, households have faced negative incomes and con-
sumption shocks, resulting in a greater need for social protection and insulation
from vulnerabilities. Using welfare analysis, it is estimated that the earthquake
would cause average household consumption in most affected districts to decline by
20%. The conditions of households that were already vulnerable prior to the
earthquake are likely to be exacerbated. Female farmers are more dependent on
agriculture sector and may take longer to recover than their male counterparts, who
are more reliant on non-agricultural sector activities.

PDNA report on Nepal Earthquake has concludes that the total value of disaster
effects including damage and loss is US$7 billion including US$5.4 billion as private
property loss and 1.6 as public loss and US$171 million as losses in personal income.
The loss and damages (in financial terms) by sectors is presented in Table 1.

The share of estimated total disaster effects among the main sectors of social and
economic activity is given in Fig. 2. It reveals that the most affected are social
sectors (58% of the total effects), which includes housing and human settlement.
This is followed by productive sectors (25%), infrastructure (10%) and
cross-cutting sectors (7%).

A rapid environmental assessment after the earthquake revealed the destruction
and damages of greener infrastructure and resources such as forests and protected
areas, ecotourism infrastructures (nature trails, trekking routes and camping sites)
and renewable rural energy technology solutions such as improved cooking and
biogas stoves. Water sources shifted in some areas, with reduced or no flows in
places, and new sources starting to flow in others. Freshwater ecosystems were also
affected by increased sedimentation and some rivers were temporarily blocked by
landslides. The economic cost of loss of ecosystems services from landslides has
been estimated at nearly US$328 million (UNEP 2016).

3 Funding Commitment by Development Partners

The International Conference on Nepal’s Reconstruction (ICNR) was held in
Kathmandu on June 25, 2015 and funding commitment of around US$4.1 billion
was received from nations and agencies for recovery and reconstruction in the
aftermath of earthquakes. The total funding commitment expressed during the
conference was 61% of the country’s total recovery and reconstruction needs of US
$6.7 billion.

Of the funding commitments made during the conference, the biggest (ap-
proximately US$1.4 billion) came from India, which expressed interest to support
areas, such as agriculture, housing, roads and transport, electricity, health,
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Table 1 The damage and loss by sectors from earthquake in Nepal

Sectors US$ (million) Private Public Percent

Social 4086 3633 453.8 100
Housing and HS 3505 3505 – 85.8

Health 75.44 13.94 61.5 1.8

Education 313.2 23.65 289.5 7.7

Cultural heritage 192.2 89.48 102.7 4.7

Productive 1781 1581 197.7 100
Agriculture 283.7 258.1 25.53 15.9

Irrigation 3.83 – 3.83 0.2

Commerce 169.5 169.5 – 9.5

Industry 192.7 192.7 – 10.8

Tourism 812.4 751.1 61.37 45.6

Finance 319.1 209.4 107 17.9

Infrastructure 667.8 172.8 495 100
Electricity 212.4 155.7 56.73 31.8

Communication 86.95 17.12 69.83 13.0

Community infrastructure 33.49 – 33.49 5.0

Transport 221.2 – 221.2 33.1

Water and sanitation 113.8 – 113.8 17.0

Cross cutting 529.3 17.55 511.8 100
Governance 187.6 – 187.6 35.4

DRR 1.55 – 1.55 0.3

Environment & forest 340.2 17.55 322.7 64.3

Source (NPC 2015)

Fig. 2 Share of losses due to
earthquake for different
sectors
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education, cultural heritage and disaster risk reduction. Another neighboring
country, China, pledged financial assistance of about US$767 million. All of this
assistance would be provided in the ‘form of grant’. Japan pledged financial
assistance of US$260 million, while the US and the UK expressed commitment to
extend US$130 million and US$110 million, respectively. The European Union
pledged grant assistance of around US$117 million.

The multilateral lending agencies pledged to provide soft loan for Nepal’s
reconstruction. Among them, Asian Development Bank pledged to extend US$600
million (including US$15 million on Japan Fund for Poverty Reduction), the World
Bank pledged to provide US$600 million (including 100 million for budgetary
support) and the International Monetary Fund expressed commitment to extend US
$50 million.

Among others, countries like Germany, Switzerland, Norway, South Korea,
Finland, Turkey, Sri Lanka, Bangladesh and Pakistan also pledged financial
assistance to Nepal. Out of this total commitment, 48% would be in the form of
grant.

Following the ICNR event, the government started signing grant and loan
mobilization agreements with the development partners. According to the Ministry
of Finance sources,1 about 75% of the total commitment entered into an agreement
as of 18th September 2016. Out of this amount, 49% is the loan and 51% is the
grant amount (Table 2).

4 Initiatives for Recovery and Resilience Building

The government immediately responded to this disaster by organizing meetings of
disaster relief committee and cabinet and secretaries. All relevant institutions of
ministries were immediately mobilized for search and rescue (SAR) and life saving
actions, establishment of temporary rescue houses in all 16 most affected districts
and locations, budget allocated for Prime Minister’s Disaster Relief Fund, and the
government’s cluster mechanisms, comprising 11 sectors, were instantly activated.
Over time, 134 international SAR teams from 34 countries responded to Nepal’s
request for help. For search and rescue operations, more than 90% of the security
forces were mobilized. Overall, 22,500 civil servants, 65,000 Nepal Army, 42,000
Nepal Police and 25,000 Armed Police Force, as well as 4000 government and
private health workers mobilized to aid rescue and relief efforts. Emergency relief
and humanitarian assistance were received with the active support of and contri-
bution by over 60 countries as well as the United Nations and other international
agencies. A UN flash appeal for support was launched on 29th April 2015 for a sum
of US$422 million to meet critical humanitarian needs for the following three

1Personal communication with Ministry of Finance officials.
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months. The transit shelters were established with official support in designated
public spaces.

The international Strategy for Disaster Reduction (ISDR) defines recovery as
Planning for Post-Earthquake Recovery and Rehabilitation decision and actions
taken after a disaster with a view to restoring or improving the pre disaster living
conditions of the stricken community, while encouraging and facilitating necessary
adjustments to reduce disaster risks. Early recovery can be started while humani-
tarian response activities are ongoing.

The people have shown remarkable resilience in the face of the disaster by
rebuilding their own homes, lives and their community. Reconstruction can provide
an opportunity to build back better and create a stronger and more egalitarian
society that is more capable to cope with crises if this is implemented properly.

Table 2 Pledges and
agreement for funding support
by development partners
(US$ million)

S.No. Devt. partners Pledges Agreement % agreed

1 China 766.927 766.927 100

2 India 1400 1000 71.4

3 Japan 260 247.07 95.0

4 Norway 15.965 0 0

5 USA 130 159.82 122.9

6 ADB 600 215 35.8

7 WB 500 300 60.0

8 EU 117.48 118.37 100.8

9 UK 110 165.5 150.5

10 Austria 1.2 0 0

11 Australia 4.635 0 0

12 Canada 10.5 0 0

13 Bangladesh 0.502 0 0

14 ROK 10 8.4 84.0

15 Pakistan 1 0 0

16 Switzerland 25 0 0

17 Srilanka 2.5 0 0

18 Saudi Arabia 30 0 0

19 Netherlands 26 0 0

20 Sweden 10 0 0

21 Finland 2.238 1.119 50.0

22 Germany 33.567 34 101.3

23 Turkey 2 0 0

24 IMF 50 50 100.0

Total 4109.514 3066.21 74.6
Grant 1971.52 1552.08 50.6

Soft Loan 2138.00 1514.13 49.4
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The GoN organized the ICNR two months after the earthquake in order to garner
the financial support from the development partners. The Act on Reconstruction of
earthquake affected structures formulated which provides a legal basis for further
development works. The National Reconstruction Authority (NRA) was established
on 25th December 2015, with the mandate to plan and coordinate implementation
of the reconstruction and rehabilitation program. The sub-offices of NRA have been
established in 7 affected districts.

The post disaster recovery framework (PDRF) was launched on 12th May 2016
which has been prepared to provide a road map for implementing post-earthquake
recovery and reconstruction activities for 2016–2020. The PDNA prepared in 2015,
led by the National Planning Commission (NPC), forms the basis for the PDRF.
The Recovery Vision of the Government of Nepal is “the establishment of
well-planned, resilient settlements and a prosperous society”. The strategies
adopted to translate the vision are owner-driven reconstruction, relocation of vil-
lages (if needed), integrated habitat approach, urban reconstruction to improve
cultural or historical settlements, application of building codes and disaster risk
reduction measures, cash transfers, community outreach, social inclusion, capacity
building and social and environmental safeguards. The PDRF plans to reconstruct
the private houses within 2 years, educational institutions within 3 years and her-
itages and cultural sites within 5 years.

Over 1700 engineers and social mobilizers mobilized for the collection of digital
field level information of households and damage of houses. The government has
developed resilient models of houses, provided technical support and helped
delivery of construction material to accessible areas. The budget of Fiscal Year
2016/17 has announced to provide an interest free credit of Rs 300,000 for building
private houses (for completely damaged ones) under the group guarantee scheme.
Similarly, 475 vulnerable areas not suitable for settlements have been identified and
recommended for translocation. For reconstruction and building resilience, over a
dozen of policies, framework, guidelines, strategies and building codes are in place
which are considered key drivers for the success of this initiative.

The agreement with the households that are eligible for receiving grant is in
progress and grant amount (first instalment) has been provided to a number of
households. Similarly, an amount of Rs 15,000 provided to the affected families for
the construction of temporary shelter. GOs, (I)NGOs, Community, Voluntary and
private Organizations constructed temporary and permanent shelters. About 2500
engineering manpower (engineers and sub/asst engineers) have been deputed in
affected 14 districts (4 in each affected Village Development Committees) for
reconstruction of damaged houses.
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5 Issues and Challenges

There was delay to pass the reconstruction bill by Parliament due to disagreement
over the issue among major political parties which prolonged the post-quake
reconstruction work. The appointment of Chief Executive Officer lagged behind
due to the political dispute, which took place only on January 2016. The situation
has been further exacerbated by the political and economic instability that resulted
after the parliament passed the constitution in September 2015, which was opposed
by some segment of Nepalese society. The ensuing political protests and economic
blockade further derailed the reconstruction and recovery process, with the focus
shifting to amending the new constitution.

A total of 629,036 households were eligible for receiving grants because of the
damage of their houses. For them, the GoN promised to avail Rs 200,000 as a grant.
The GoN initially agreed to avail in four instalments (Rs 50,000 in the first
instalment) with the donors as well. However, there was no political consensus as
opposition parties demanded to avail it in only two instalments with Rs 150,000 in
the first instalment which was also not agreed by the donors. This misunderstanding
initially caused delay in agreement and availing grant amount to the affected
families. As of December 2016, grant agreement has been done with 86% of the
eligible households for receiving grants while the grant amount has been provided
to 83% of households with whom agreement was done.

The inaction from the government authorities (including NRA) on issuing
guidelines for rebuilding even after several months of earthquake created confusion
among the community members whether to initiate rebuilding of damaged houses.
They were at risk of losing compensation (promised amount of grant) if it was done
without approval by the government authority. Despite this, many people in rural
places have started building houses on their own because they were tired of waiting
for help from the authorities. More than 31,000 families have built their houses
(Shahi 2016). It is also estimated that four million people are still living in tem-
porary shelters, while 113,384 families have moved back into homes that are at risk
of collapse during aftershocks (RW 2016).

The factors hampering relief and rehabilitation in Nepal include lack of enough
preparedness, logistical and transportation problems, and government’s ineffi-
ciency. The development of logistical and transportation sectors have been influ-
enced due to economic capacity whereas the government’s efficiency is the
outcome of fragile politics (Dahal 2016). The ineffective coordination among GOs,
NGOs, local governments and other relevant organization also hampered the pro-
cess of rehabilitation and construction. As the move oriented towards reconstruction
from relief and rehabilitation, this ineffective coordination and collaboration among
the relevant actors may obstruct in maximizing the opportunities for creating ‘build
back better’.

The transparency and accountability among the public officials for implementing
the post-disaster related works has been an issue. Some officials have also been
involved in irregularities, misconduct and corruption in the procurement and
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distribution of relief materials. Similarly, the responsible personnel for carrying out
day to day activities at the grassroots levels remained unaccountable to serve the
disaster affected people demanding for increment in extra allowances. The regional
recovery dialogue for building back better was organized in order to provide a road
map for the recovery process after the Nepal earthquake. Through this dialogue, the
lessons for Nepal from Asia Pacific include recovery is a time-consuming process,
and needs thoroughness more than speed, sustainability is a fundamental principle
for building back better, institutional arrangements need to be collaborative and
incrementally evolve, focusing on processing and keeping people at the centre,
technical approaches need to be detailed and context-specific, capacity building is a
must for long term self-reliance and transparency and accountability are the keys to
a successful reconstruction program (UNESCAP et al. 2015). These might be useful
for Nepal both for rehabilitation and reconstruction and early recovery. However,
there might be lapses in considering these lessons learnt in policy and guidelines
preparation.

It has also been observed that the development partners also lagged behind in
fulfilling their pledges for financial assistance on time. About three-fourth of the
pledged amount has been committed to avail through agreement. However, actual
disbursement relative to the agreement might be low. Delay in agreement and
partially fulfilling the commitment by the development partners has also created
confusion and hampered the planning and reconstruction and recovery of
infrastructures.

6 Conclusion and Recommendation

Nepal remains at risk from earthquakes and many other natural hazards. The
experience of the 2015 earthquake underlines the importance of strengthening
partnerships between the public, private and community sectors to prepare for
future emergencies. This involves putting in place stronger business continuity,
worker safety, environmental and risk management measures; exploring insurance
solutions to manage risk; and streamlining customs arrangements in emergencies.
Crucial economic sectors, such as tourism and construction, can also benefit from
public-private cooperation for recovery and reconstruction.

Cluster group on early recovery (CWGER 2008) mentions that the successful
disaster recovery experiences from around the world have in common the adoption
of at least three important approaches such as building back better, converting
adversity into opportunity, and prioritizing pro-poor recovery. Similarly, early
recovery is a multidimensional process which is guided by development principles
that seek to build on humanitarian programs and to catalyze sustainable develop-
ment opportunities. It aims to generate self-sustaining, nationally owned and resi-
lient post-crisis recovery and encompasses the restoration of basis services,
livelihoods, shelter, governance, security and rule of law, environment and social
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dimensions. The principles, approaches and components of early recovery need to
be well considered and integrated in planning and formulating strategy.

Implementing a large scale recovery and reconstruction program, following a
major disaster like earthquake, takes a commitment of financial, human and orga-
nizational resources. Likewise it takes a concerted effort on the part of many
partners to address immediate requirements, put in place implementation arrange-
ments for the medium and longer terms and to ensure that such arrangements are
rooted in sound policies, financial strategies and institutional arrangements. The
extent and complexity of the natural risks Nepal faces mean that a multi-stakeholder
approach to resilience is vital. It is therefore beneficial to learn more about
public-private cooperation in Nepal, and risk management activities, construction
materials and methods left buildings standing and occupants alive during and after
the 2015 earthquake.

Disasters occur every year in different parts of the world including Nepal. The
key to minimize any disaster is being prepared for it. The governments should be
prepared for bigger scale of disasters so that impact of it can be significantly
minimized. For this, the government should be encouraged to implement the Hyogo
Framework’s three strategic goals: integrate disaster risk reduction into sustainable
development policies and planning, develop and strengthen institutions, mecha-
nisms and capacities to build resilience to hazards and systematically incorporate
risk reduction approaches into the implementation of emergency preparedness,
response and recovery programs (UNOCHA 2008). The disaster in Nepal clearly
showed that by not having an emergency response system in place, the response
and rescue effort was delayed with multiple confusions, exacerbating the scale of
the crisis.

Nepal is at risk from seismic perspective. The experience gained from the 2015
earthquake must be taken as a very important lesson for the entire country in terms
of preparedness for disaster. Although there are several issues and challenges to
ongoing reconstruction and recovery, it should be considered an opportunity for all
the stakeholders to improve the lives of earthquake-affected families, and to
develop improved disaster preparedness policies and action plan for the future.

New ways of sharing responsibilities as well as engaging different partners and
agencies need to be identified to accelerate documentation, planning and restoration
processes. While the investment in DRR assets has been relatively low in past
years, in the context of the earthquake and acute risk of cascading disasters it is
imperative to establish robust DRR systems. Likewise, a comprehensive Disaster
Resilient Livelihoods Strategy has to be developed for continuum from immediate
income generation to medium and long-term employment recovery.

Recovery should follow a community-based approach, which encourages
communities, utilization of social networks, and built self-reliance efforts using
local skills and knowledge. It should largely be an owner driven recovery program.
In order to translate disaster recovery into sustainable development, post-disaster
recovery strategies must be linked to poverty reduction and livelihood recovery
efforts, as well as long-term development goals. Similarly, the recovery should be
inclusive and coordinated, with established roles for actors at all levels of
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government, the private sector, and civil society. Hence, it is necessary to engage
diverse institutions, multiple authorities, and stakeholders at all levels, in view of
the complex and costly nature of post-disaster reconstruction.

Resilient recovery and reconstruction are recognized as important aspect of
sustainable development. To maintain a path toward sustainability, recovery and
reconstruction programs require predictable technical and financial resource com-
mitments for planning, implementation, and performance management. In this
regard, a predictable funding commitment is necessary for reconstruction works
from international communities. The governments and international organizations
should also implement community development activities to improve livelihoods
and drive the local economy through income generating activities. Investments have
also to be made in enhancing the institutional, financial and technical capabilities of
affected people. The reconstruction and recovery phase should establish the new
way of life for the people. The government leadership is key for effective imple-
mentation of reconstruction policies where the international community should
support in strengthening the government’s capacity. Powerful leadership with
political, financial and technical capacity would help to achieve the reconstruction
and recovery goals in Nepal. The countries like Indonesia, China, and Chile
demonstrated good examples of reconstruction even they faced with great loss.
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Social Capital and Good
Governance—A Nexus for Disaster
Management: Lessons Learned
from Bangladesh

Khan Rubayet Rahaman

Abstract This paper summarizes the good practice and lessons learned from the
recent cyclone disasters and water surge events from the coastal areas of
Bangladesh and reveals how people could facilitate the resilience based on gov-
ernance and existing chain of social capital. The research identifies that social
capital plays important role to boost up resilience based on volunteering and
community sense of togetherness along with effective governance system from
central to local government. The outcome of the research brings an example which
can be adopted for increasing resilience of community while experiencing other
natural disasters in particular to earth quake and mud slides. At the same time, the
study also brings ideas how remotely sensed data can provide time to time infor-
mation after disaster period to rebuild the community without investing much
money and through the blessings of technology.

Keywords Social capital � Disaster � Governance � Management

1 Background and Objectives

According to Climate Risk Index, Bangladesh is one of the most disaster-prone
countries in the World (Harmeling 2009). Bangladesh is highly vulnerable to dif-
ferent types of disaster because of climatic variability, extreme events, high pop-
ulation density, high incidence of poverty and social inequality, poor institutional
capacity, inadequate financial resources, and poor infrastructure (Ahmed 2004).
Almost every year, the country experiences disasters of one kind or another, such as
tropical cyclones, storm surges, coastal inundation, coastal erosion, floods, torna-
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does, and droughts, that causes heavy loss of life and property and jeopardizing
development activities (Shaw et al. 2013). During the period of 1991–2000,
Bangladesh has suffered from 93 large scale natural disasters which killed 0.2
million people and caused loss of properties valued about US$59 billion in the
agricultural and infrastructural sector (Climate Change Cell 2009). To manage these
unwanted phenomena in one of the poorest nations of the world, governance and
administration play important role to ensure safety of citizens, mobilize resources to
the disaster-prone areas, coordinate management works, and above all taking the
responsibilities within the existing legal framework and policies.

The geographical location, land characteristics, multiplicity of rivers and the
monsoon climate render Bangladesh highly vulnerable to natural hazards. The
coastal morphology of Bangladesh influences the impact of natural hazards on the
area. Especially in the south western part of the country, natural hazards increase
the vulnerability of the coastal dwellers and slow down the process of social and
economic development. Coastal inundations are an increasing threat to the lives and
livelihoods of coastal communities living in low-lying, highly-populated areas.
According to a World Bank report in 2005, at least 2.6 million people may have
drowned due to coastal inundation, particularly caused by storm surges,
inundation/flooding.

The goal of this chapter is understand how several disaster management
authorities are working together to tackle disasters in Bangladesh and how the
governance system works over the last couple of decades to improve disaster
management processes. The contemporary policy and legislative framework in
Bangladesh for managing disasters is entitled as disaster management act which is
practiced and foresee by the ministry of disaster management. An integrated dis-
aster management plan highlights the tasks and responsibilities of several author-
ities before, during, and after the disaster to ensure people’s safety, security,
medical need, and relief aid disbursement in the disaster stricken areas. Major
policies and legislative frameworks are being executed and practiced by:

• Standing Orders on Disaster Management (SOD) in 2008;
• National Plan for Disaster Management 2008–2015;
• Ministry of Food and Disaster Management;
• Corporate Plan 2005–2009;
• Poverty Reduction Strategy Paper (PRSP);
• Bangladesh Climate Change Strategy and Action Plan 2009 (draft).

United Nations Development Program (UNDP) has helped Bangladesh since the
independence of the country to develop several disaster management strategies so
that the loss can be minimized. Some of the important strategies have been in place
to develop physical assets, knowledge and human capacity—and the planning,
coordination, finance and implementation mechanisms—that underpin its disaster
management and risk reduction system. Fundamental of this transformation is
highly depending on the existing governance system and if it works properly to
follow:
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• The Fresh Approach: Lessons from previous decades and bring the ideas into
national risk reduction plans;

• Leadership: Take the initiative to engage people who are the champions of
disaster risk reduction under a legislative framework;

• Capacity development: training programs, policy revisions, framework devel-
opment, and stakeholder engagements;

• Multi hazard focus: the governance system that can adhere the focus of different
dimensions of disaster managements (such as; drought, flood, cyclone, storm
surge, etc.)

This chapter describes the importance of good governance before, during, and
after the disasters and how to integrate people as a social capital to minimize loss of
disasters. As a result, the specific objectives of this chapter address the following
issues:

• To understand the disaster management system currently in place in
Bangladesh;

• To know the disaster warning system and dissemination process at field level;
• To explore the issues how people are being engaged in several level of gov-

ernance system to disseminate information and after the disaster happens for
relief aid and medical issues;

• To summarize facts that may help other south Asian countries to learn from
Bangladeshi experience of disaster management systems.

2 Forecasting, Warning and Response Systems
of Disasters in Bangladesh

Bangladesh suffered from forecast failures several times in the past (Karim and
Mimura 2008). Up to 1997 there were plenty of forecast failures that caused huge
casualties. For example, there was ample warning prior to the 1991 cyclone that a
cyclone might strike, but few people were convinced of the severity of it until they
saw the rising water level. Analysts of the cyclone later found that many false
alarms were issued prior to that event which lowered the citizen’s trust in the
warning system (Haque 1997). The development of an accurate and timely fore-
casting system has been ongoing for several years, but much more needs to be done
to prepare for future event and people’s participating in building such system is
emergent too.

Bangladesh Meteorological Department (BMD) is the authorized organization
for cyclone and weather forecasts in Bangladesh that includes storm surges pre-
diction during the cyclones. SWM (Storm Warning Center), under BMD, is
responsible for national forecasting on all time scales including the issuance of
tropical cyclone forecasts and warning (DMB 2010). The department is responsible
for observation, recording, operation, and maintenance of weather stations and
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weather instruments, and for reporting of daily/weekly weather information to the
public. Every day, all weather stations around the country transmit their recorded
data electronically to the headquarters of the meteorological department in Dhaka.
Major stakeholders who are using the information published in electronic and print
media are: BMD, Disaster Management Bureau, Central government organizations,
Local government organizations, Non-government organizations, Community
workers in the coastal areas (mostly for cyclone and water surges), Fishermen
communities in the coastal areas, Religion organizations in the coastal areas, Aid
and relief organizations (e.g., Red Crescent and Oxfam), research institutions,
Water Development Board (WDB), and relevant organizations (Table 1).

According to the responses from major stakeholders of the recently introduced
CIFDP (Coastal Inundation Forecasting Demonstration Project by WMO) in a
prescribed questionnaire, all of the respondents seek for a user plan and improved
forecasting and dissemination system in coastal areas of Bangladesh. At the same
time, technology development and transfer, including training, capacity building
would enhance the capabilities of responsible national agencies to produce and
provide integrated coastal inundation forecasting and warning services to the people
in coastal areas in Bangladesh. The user plan is required to identify major stake-
holders and to share responsibilities among them for the warning system to be
working properly in advance. At the same time, major stakeholders have felt keen
interest to incorporate local people to take social assistance for disaster management
and recovery especially through the revised governance system. Volunteer orga-
nizations are also included in the national disaster management plan to empower
them with specific responsibilities mostly in the information dissemination and
recovery process.

2.1 Existing Cyclone and Flood Forecasting
and Warning Systems

In recent years, with the technical assistance from USA and Japan, the cyclone
forecasting system in Bangladesh has been improved substantially and it has saved
hundreds of thousands of lives during the cyclones of 1997 and 2007 with the
dissemination of accurate and timely warnings (Karim and Mimura 2008).
Prediction of tropical cyclone storm in the Bay of Bengal and issuance of timely

Table 1 Respondents answer regarding the need of integrated warning and forecast system in
Bangladesh

Respondents Need for forecasting and
warning system (CIFDP)

Water development board Yes

Director, Bangladesh meteorological department Yes

Secretary, disaster management and relief division Yes

Source Field investigation
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warning is the task of the Bangladesh Meteorological Department (BMD). The
Storm Warning Center (SWC) of BMD detects and monitors depression or cyclones
formation until landfall and forecasting the cyclone’s future track and storm surge
height. Modern technology has provided the means for early detection and constant
tracking of cyclone and storm surge at BMD. The warning issued by BMD
includes:

• Position of storm center
• Direction and rate of movement
• Area likely to be affected specifying Upazillas (administration unit in

Bangladesh) of the district possible
• Approximate time of commencement of gale winds (speed more than 32 km/h

or 52 km/h)
• Maximum wind speed expected
• Approximate height of storm surge/tide and areas likely to be affected.

The Flood Forecasting and Warning Center (FFWC) of Bangladesh Water
Development Board (BWDB) provides river flood forecast for 24, 48, and 72 h
deterministic and 1–10 days experimental probabilistic forecasts. FFWC has
updated hydro-dynamic regional models covering the rivers and flood plains of the
south–west and south–east hydrological zone of Bangladesh, covered the entire
zone total 19 districts.

Cyclone warning system in Bangladesh was started in 1966 by the Bangladesh
Red Crescent Society (BRCS). After a devastating cyclone in 1970, the BRCS
started the Cyclone Preparedness Program (CPP) in 1972 to minimize the loss of
lives and property by strengthening the capacity of coastal people in disaster
management. The field level work of the CPP is based on “UNITS”, which typi-
cally encompasses a village of 2000–3000 people having land area of roughly 2 sq.
km. The network of CPP team is expanding with time, but there are still remote
locations where CPP team have not yet to be formed (BRCS 2005). Moreover, CPP
teams have to be formed for the newly identified hazard zone as well.
Dissemination of cyclone warning in appropriate ways is another important aspect
of cyclone disaster management in Bangladesh.

Figure 1 shows that CPP teams presently work in all the coastal districts, but not
all the risk prone areas.

The characteristics of the disturbances in the Bay of Bengal are staged in several
categories by Asian Disaster Reduction Center (ADRC) in 2008 (Table 2).

According to Rogers and Tsirkunov (2010) because of the proper cyclone
warning and dissemination to the field level, thousands of lives have been saved
during the cyclone Sidr. According to them, cyclone Sidr was first observed
southwest of the Andaman Island in the Bay of Bengal six days before it made
landfall on November 15, 2007. Tracking its path and growing strength, the
Bangladesh authorities had time to prepare a well-rehearsed response: they issued
warning and activated 44,000 volunteers who helped evacuate roughly 3 million
people from their homes and accommodated 1.5 million in shelters. Few were
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surprised and unprotected when Sidr hit, but immense force was devastating. The
government estimated that assets worth $1.16 billion were damaged, almost all in
housing and other infrastructure. Losses of $517 million were expected earlier on. It
could have been far worse if the country had not learned from earlier tragedies and
if the warning system would not work properly in advance.

Fig. 1 Flowchart of volunteer structure of CPP (Cyclone Preparedness Program) team. There are
2760 units and 33,120 volunteers all over the coastal zones (BRCS 2005)

Table 2 Characteristics of the tropical disturbances in the Bay of Bengal

Stages of disturbances Radius of
disturbances

Maximum sustained wind

Low pressure or low − Less than or equal to
31 km/h (17 kts)

Well marked low − 32–39 km/h (18–21Kts)

Depression 44 km (24NM) 40–50 km/h (22–27Kts)

Deep depression 48 km (26NM) 51–60 km/h (28–33Kts)

Cyclonic storm 54 km (30NM) 61–88 km/h (34–47Kts)

Severe cyclonic storm 64 km (35NM) 89–117 km/h(48–63Kts)

Severe cyclonic storm with a core of
hurricane wind

74 km (40NM) 118–219 km/h(64–118Kts)

Super cyclone 84 km (45NM) 220 km/h or over (119 Kts or
more)

Source Asian Disaster Reduction Center 2008
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2.2 Institutions for Dissemination of Forecasts
and Warnings

Most of the institutions disseminating cyclone warning and conducting cyclone
forecast tasks are from national government in Bangladesh. However, sometime the
national institutions exchange information and rely on other countries to predict the
cyclone track and to predict landfalls. The international cooperation is happening
when the cyclone forms in Indian Ocean and usually when it approaches towards
Bangladeshi coastal areas.

2.3 National Institutions

Bangladesh Meteorological Department (BMD) is the source of cyclone warning in
Bangladesh. BMD generates the warning and passes this on to public media and
preparedness units for dissemination and follow-up action at periodic intervals.
There are separate warning system for maritime ports and river ports. The Storm
Warning Center (SWC) of BMD detect and monitors depression or cyclones for-
mation until landfall and forecasting the cyclone’s future track and storm surge
height. Modern technology has provided the means for early detection and constant
tracking of cyclone and storm surge at BMD.

The Standing Orders for Cyclone (SOC) proclaimed by the Government of
Bangladesh (GOB) as of November, 1985 and updated thereafter constitute the
basic plan for coping with cyclone disaster. SOC laid down the guidelines for action
at various stages of disaster by all government agencies to cope with situation
arising out of cyclone havoc. Within the framework of SOC, concerned authorities
are required to deal with unforeseen and complex situations swiftly using initiative
and imagination. The local authorities are required to take necessary action to
prevent or reduce loss or damage to life and property by making maximum use of
local resources instead of waiting for external assistance.

The guidelines for disaster preparedness and management under SOC is orga-
nized into 5 stages as follows:

(a) Pre-disaster stage: Off-cyclone season
(b) Alert stage: Signal no I, II and III
(c) Warning stage: Signal no IV
(d) Disaster stage: Signal no V, VI, VII, VIII, IX, X
(e) Post-disaster stage: immediately after the cyclone till normalcy is attained.

As per the Standing Order of the Government, Cyclone Warning messages are
issued as follows:

(a) Warning Stage: 24 h in advance.
(b) Danger Stage: Minimum 18 h in advance.
(c) Great Danger Stage: Minimum 10 h in advance.
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The Storm Warning Centre (SWC) is a specialised body of the BMD, respon-
sible for weather forecasting and issuing warnings to sea and river ports, public,
non-governmental organisations (NGOs), relief and rehabilitation authorities and
local level administrative officials. The standing order for cyclones are to be dis-
seminated to all concerned Ministries, Divisions, Departments, NGOs and also to
press the public to be ready to discharge their duties in a speedy and systematic
manner to handle the situation efficiently. More frequent contact is maintained
between BMD and Betar (Radio), and television transmission hours are extended as
and when danger signals or great danger signals are hoisted. The warning message
dissemination system of SWC, the national weather forecast center is as follows
(see also Fig. 2):

Five interconnected subdivisions; observations, communications, display and
manipulations, analysis and preparation of forecast are coordinated by Storm
Warning Center (SWC) of Bangladesh Meteorological Department (BMD) for
providing all kind of forecasts and disasters warning (Haque 1997). The following
Fig. 3 is showing the whole process of warning message dissemination system
which is administrated by Bangladesh Meteorological Department Bangladesh. The
technical works and analysis is done by the BMD experts to assess probable threats
and hazard risk of the cyclone. Afterward, it passes information to SWC who is
formally responsible to issue warnings. SWC issues warning and disseminate
information electronically and officially (signed letter document) to newspaper,
television, relief control, national coordination center, Cyclone Preparedness
Program (CPP), radio Bangladesh, and other concerned ministries. Some organi-
zations are directly connected to SWC which are connected with bold lines in
Fig. 3. Some organizations are indirectly connected to get the warning messages
issued by SWC which are connected through dotted lines in Fig. 3. In each segment

Fig. 2 Cyclone warning message dissemination system through SWC (Storm Warning Center)
(Extracted from: DBM 2010)
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ended in public, there are volunteers who are assigned with responsibilities to
inform local people through their own strategies managed by CPP and by the local
government organizations. The tasks of the volunteers include the arduous wide
dissemination of warnings by bicycle, walking, using megaphones, sirens, signal
lights, and signal flags (Paul 2009). The cyclone warning flags are hoisted in port,
cyclone shelters, public buildings, community centres, or local government
organisations in coastal areas following a warning from the BMD to communicate
an impending cyclone. The CPP volunteers ensure the hoisting of flags. One flag is
hoisted for caution, two flags for danger and three flags for great danger. Along
with this, religion centers (i.e., mosques) are informing people to take necessary
strategies to avoid loss of lives and properties.

Port and shipping authority receives different signal systems to inform relevant
people about the havoc and precautions. Both radio and television are telecasting
the warning placed for maritime port authorities simultaneously. Table 3 summa-
rizes the maritime port’s warning signals depending on the wind speed. However,
the inland water ports are receiving different signals due to their locations. The new
signal system has been developed on wind speeds and the signal number will
increase with the increasing wind of the impending cyclone, besides maritime and
riverine signals are incorporated in the new system to avoid confusion.

Since one of the major cyclones in 1991, the warning and dissemination system
is working well throughout the country. As a result, there were less number of
casualties in cyclone SIDR (2007). One of the important components in this
warning system was the volunteers who informed the local people to leave home
and took shelter in higher areas to avoid storm surge havoc. It proved that the
forecasting and warning system would not work properly without the hard work
done by the volunteers at grass root level. At this stage, after experiencing severe
damages over time, especially in the coastal areas, the country demands an

Fig. 3 Warning message dissemination system administrated by the BMD (Adopted from Haque
1997)
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integrated approach to tackle future devastation of cyclones and water surges. In
doing this, the existing capacity for weather forecasting techniques as well as
dissemination system should be updated regularly.

2.4 Regional Institutions/Organizations

In Bangladesh, the major missions and visions of the government for the disaster
management (including warning, forecast and information dissemination) have
been addressed in the National Plan for Disaster management 2010–2015 (NPDM).
The NPDM was developed in coordination with various national and international
institutes and agencies. Strategic goals for the comprehensive disaster management
plan 2010–2015 are drawn from South Asian Association for Regional Cooperation
Disaster Management Framework 2006–2015 (SAARC-DMF 2006–2015). Other
institutes and policies that have an impact on the NPDM are the Millennium
Development Goals for Bangladesh, the Poverty Reduction Strategy Paper (PRSP),
Bangladesh, and Hyogo Framework for Action (HFA) 2005–2015, the United
Nations Framework Convention on Climate Change (UNFCCC), and the
Bangladesh Climate Change Strategy and Action Plan 2009. According to the
opinions received from the experts of different entities in government institutions,
almost all of the respondents mentioned that they did not have any known coop-
eration with international agencies through bi-lateral commitment or through other

Table 3 Signal system for maritime ports in Bangladesh

Signals Explanations

Distance cautionary
signal number—I

There is a region of squally weather in which a storm may be forming
(well-marked low or depression) with surface winds up to 61 km/h.

Distance warning
signal number—II

A storm has formed (cyclonic storm with surface winds 62–87 km/h)

Local cautionary
signal number—III

The port is threatened by squally weather (cyclonic circulation with
surface winds 40–50 km/h or squalls due Nor’westers)

Local warning
signal number—IV

The port is threatened by a storm, but it does not appear that the danger is
as yet sufficiently great to justify extreme measures of precaution
(cyclonic circulation) with surface winds 51–61 km/h

Danger signal—VI The port will experience severe weather from a cyclonic storm of
moderate intensity (cyclonic storm with surface winds 62–88 km/h)

Great danger signal
—VIII

The port will experience severe weather from a storm of very great
intensity (severe cyclonic storm with surface winds 89–117 km/h)

Great danger signal
—IX

The port will experience severe weather from a storm of very great
intensity (severe cyclonic storm with a core of Hurricane winds with
surface wind 118–170 km/h)

Great danger signal
—X

The port will experience severe weather from a storm of very great
intensity (severe cyclonic storm with a core of Hurricane winds with
surface winds 171 km/h or above)

Source BMD 2007
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assistance from any countries, technical institutions or universities for developing
warning systems or improving forecasting techniques. However, BMD, Flood
Forecasting and Warning Center (FFWC) and Disaster Management Bureau
(DMB) have strong commitment and relationships with the United Nations and
other meteorological departments (other countries) who have keen interest to pre-
dict cyclones in the Bay of Bengal and in the Indian Ocean.

South Asian Association of Regional Cooperation (SAARC) also set up strategic
goals to plan for regional disaster management framework (including cyclone and
coastal inundation) that includes the following major goals:

Goal 1: professionalizing the disaster management system
Goal 2: mainstreaming risk reduction
Goal 3: strengthening institutional mechanisms
Goal 4: empowering at risk communities
Goal 5: expanding risk reduction programming
Goal 6: strengthening emergency response systems
Goal 7: developing and strengthening networks.

2.5 Major Stakeholders Involved in Disaster Management

Government organizations, NGOs (National and International), Community Based
Organizations (CBOs), United Nations, Citizen’s groups, Academia, Researchers
are being considered as major stakeholders for disaster management efforts with
special focus on cyclone and coastal inundation.

Bangladesh has disaster management mechanism at both national and
sub-national levels nationally. Figure 4 illustrates the position, activity and
authorities involved in disaster management structure of Bangladesh at national
level in which each of the organizations and committees has its own responsibility.

(a) National Disaster Management Council (NDMC) headed by the Honorable
Prime Minister to formulate and review the disaster management policies and
issue directives to all concerns.

(b) Inter-Ministerial Disaster Management Co-ordination Committee (IMDMCC)
headed by the Honorable Minter in charge of the Disaster Management and
Relief Division (DM&RD) to implement disaster management policies and
decisions of NDMC/Government.

(c) National Disaster Management Advisory Committee (NDMAC) headed by an
experienced person having been nominated by the Honorable Prime Minister.

(d) National Platform for Disaster Risk Reduction (NPDRR) headed by Secretary,
DM&RD and DG (Deputy General), DMB functions as the member secretary.
This platform shall coordinate and provide necessary facilitation to the relevant
stakeholders.
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(e) Earthquake Preparedness and Awareness Committee (EPAC) headed by
Honorable Minister for MoFDM and DG, DMB act as member secretary.

(f) Cyclone Preparedness Program Implementation Board (CPPIB) headed by the
Secretary, Disaster Management and Relief Division to review the preparedness
activities in the face of initial stage of an impending cyclone.

(g) Cyclone Preparedness Program (CPP) Policy committee headed by Honorable
Minister, MoFDM and secretary, DM&RD act as a member secretary. Disaster
Management Training and Public Awareness Building Task Force (DMTATF)
headed by the Director General of Disaster Management Bureau (DMB) to
coordinate the disaster related training and public awareness activities of the
Government, NGOs and other organizations.

(h) Focal Point Operation Coordination Group of Disaster Management (FPOGC)
headed by the Director General of DMB to review and coordinate the activities
of various departments/agencies related to disaster management and also to
review the Contingency Plan prepared by concerned department.

(i) NGO Coordination Committee on Disaster Management (NGOCC) headed by
the Director General of DMB to review and coordinate the activities of con-
cerned NGOs in the country.

(j) Committee for Speedy Dissemination of Disaster Related Warning/Signals
(CSDDWS) headed by the Director General of DMB to examine, ensure and
find out the ways and means for the speedy dissemination of warning/signals
among the people.

Fig. 4 Disaster management institutions in Bangladesh (Source Shaw et al. 2013)

222 K.R. Rahaman



Disaster management structure of Bangladesh at sub-national level is as follows:

(a) District Disaster Management Committee (DDMC) headed by the Deputy
Commissioner (DC) to coordinate and review the disaster management activ-
ities at district level.

(b) Upazila Disaster Management Committee (UZDMC) headed by the Upazila
Nirbahi Officer (UNO) to coordinate and review the disaster management
activities at the Upazila level.

(c) Union Disaster Management Committee (UDMC) headed by Chairman of the
Union Parishad (the bottom level governing body) to coordinate, review and
implement the disaster management activities of the concerned Union.

(d) Paurashava Disaster Management Committee (PDMC) headed by Chairman
(Mayor) of Paurashava (Municipality) to coordinate, review and implement the
disaster management activities within its area of jurisdiction.

(e) City Corporation Disaster Management Committee (CCDMC) headed by the
Mayor of City Corporations to coordinate, review and implement the disaster
management activities within its area of jurisdiction.

2.6 Coordination Process and Responsibilities of Each
Institution

Bangladesh has an elaborate structure of disaster management. The Standing Order
on Disaster (SOD) has assigned specified roles and responsibilities to the govern-
ment and other relevant agencies as well as to the Disaster Management
Committees (DMCs) at all levels from central government to local government.
A series of institutions at both national and sub-national levels have been created to
ensure effective planning and coordination of disaster management activities.
Coordination are being carried out by:

(a) National Level: At the national level, there are the National Disaster
Management Committee (NDMC). The Inter-Ministerial Disaster Management
Coordination Committee (IMDMCC) and National Disaster Management
Advisory Committee (NDMAC). The NDMC, headed by the Prime Minister, is
composed of 30 members including cabinet ministers of nine different min-
istries and secretaries of 12 ministries. The responsibilities of the council are to
formulate and review disaster management policies and issue directives to all
concerned. Under the Council, there is the IMDMCC with 30 members drawn
from 20 different ministries. Headed by the minister responsible for the
Ministry of Food and Disaster Management (MFDM), the responsibilities of
the IMDMCC include implementation of disaster management policies of the
government and decisions of the NDMC and ensuring coordination of activities
of all ministries, government agencies and the private sector. The National
Disaster Management Advisory Committee (NDMAC), headed by the disaster
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management specialist, regulates the various activities to disaster preparedness,
mitigation and emergency management

(b) Sub-national level/local level: There are disaster management committees at
District, Upazila and Union Levels. These committees are headed by the Deputy
Commissioner, the Upazila Nirbahi Officer (UNO) and the elected Chairman
respectively. In addition, there are disaster management committees in all the
city corporations and municipalities, headed by the elected mayors. These
committees are composed of members drawn from government and
non-government organizations, the private sector, and social organizations. The
responsibilities of these committees are to plan, coordinate, review and imple-
ment disaster management activities within their respective areas of jurisdiction.

(c) International level: The World Meteorological Organization (WMO) provides
real time data and information through the Global Telecommunication System
(GTS) to the BMD and also provides expertise and guidance materials to BMD
and the Department of Hydrology. The World Health Organization
(WHO) provides help and advice to the governmental and non-governmental
health sectors, through its Country Office in Dhaka, Bangladesh. The
International Red Cross and Crescent Societies, through the Bangladesh Red
Crescent Society (BDRCS), administer the Cyclone Preparedness Program
(CPP), in cooperation with the DMB.

2.7 Warning Response System and Emergency
Preparedness

The Meteorological Department under the Ministry of Defense broadcasts weather
forecasts, e.g. cyclones. The Cyclone Preparedness Program (CPP) provides an
early warning system for 35 million people in 19 coastal districts (Swiss Agency for
Development 2010). It is a joint program of the Government of Bangladesh and the
Bangladesh Red Crescent Society, which was established after the 1970 Cyclone.
Activities of CPP in regard to warning response and emergency preparedness can
be summarized as:

a. Disseminate cyclone warning signals issued by the BMD to the community
people;

b. Assist people in taking shelter;
c. Rescue distressed people affected by a cyclone;
d. Provide first aid to the people injured by cyclone;
e. Assist in relief aid and rehabilitation operation;
f. Assist in the implementation of the BDRCS disaster preparedness plan;
g. Assist in participatory community capacity build-up activities; and
h. Assist in the co-ordination of disaster management and development activities.
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To carry out the warning and preparedness management, wide range of equip-
ment are widely used to inform people through the volunteers are: transistor radios,
torch lights, megaphones, hand sirens, life jacket, rain coat, gum boat (mud boot),
hard hats, first aid kits and rescue kits. The following figure shows structural
arrangement of warning response system and emergency preparedness responsi-
bilities to different management people under the CPP program.

All signals and warning information are transferred to specific committees at
different level of government organizations to administer and supervise early pre-
paredness system. They seek help from non-government organizations and from
local communities to warn people to leave for cyclone shelters.

Usually, Dhaka is considered as the head quarter to disseminate information and
warning signals to all the zonal and community offices in coastal areas using
telephone and high frequency radio. Nowadays cell phones are distributed among
the volunteers so that they can easily receive voice and smart message systems in
their cell phone to spread out the signals for early preparation. The total system
works within few minutes to disseminate information from head-quarter to the
grassroots community people. Based on the emergency of the early preparation, the
signals are dispatched as quickly as possible but in three different cases, the warning
stages are allowed a time frame so that early preparation can be taken place in time
as mentioned by Habib et al. (2012):

(a) Warning: 24 h before.
(b) Danger: at least 18 h before.
(c) Great danger: at least 10 h before.

2.8 Public Education for Awareness Generation
and Capacity Building

Education and awareness are prerequisites for preparedness of cyclone and coastal
surges in Bangladesh. Disaster preparedness education is provided through formal
and non-formal means by both government and NGO programs.

Figure 5 shows the structure of the education programs exist in Bangladesh right
now with special focus on disaster management. The government—operated pro-
grams provide disaster preparedness education through the Campaign for Popular
Education (adult literacy program) and primary level school curriculum. There are
also several awareness—building programs regarding disaster preparedness.
Approximately 2000 NGOs work in Bangladesh of which about 190 are foreign
NGOs (Khan 2008). NGOs play important role in rural and national development
which comprises disaster management and relief aid dissemination. Leading NGOs
in disaster management and education are:

(a) Bangladesh Rural Advancement Commission (BRAC);
(b) Proshika;
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(c) Gono Sahajjyo Shongstha (GSS);
(d) Dhaka Ahsania Mission; and
(e) Disaster Management Forum (DMF).

Formal Education
Formal education in disaster preparedness is provided at the primary school level
and postgraduate level. At the primary school level, topics are specially focusing on
general awareness about different types of disasters and the pre-, post- and during
disaster tips. At the postgraduate level, degrees (Certificate, Diploma and Master) in
Disaster Management are offered to prepare professionals (BRAC University 2006).
Course contents related to three main aspects:

• Pre-disaster preparedness and vulnerability reduction;
• Post-disaster response, relief and rehabilitation; and
• Disaster mitigation and long-term development.

Non-formal education
The government-initiated public awareness and training program is mainly con-
ducted by the DMB. The objective of this program is to promote an informed, alert,
self-reliant and sustainable community that can actively cooperate in all disaster
management activities. At the local level, the program is particularly addressed to
the local-level disaster management committee members, CPP volunteers, school
teachers, professionals in the relevant fields, women and children.

3 Conclusion

Bangladesh has proven its ability to manage several disasters successfully with the
help of local people, volunteers, and other national and international stakeholders
since the independence of the country. However, in the early 80’s the management

Fig. 5 Formal and
non-formal education
structure in Bangladesh for
disaster management (Source
Khan 2008)
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system did not work so well which can be seen nowadays. Local people played
important role to improve the system at different level such as; information dis-
semination, building awareness among community members, willingness to help
neighbours during disaster events, and overall, building the trust among stake-
holders. On the other hand, government played important and pivotal role to ensure
a regulatory framework through good governance to increase community resilience.
Whether governance system could be seen weaker and not functioning properly in
many sectors of the country, disaster management systems brought trusts of people
and the governance system might be a successful team work with the participation
of local people in case of Bangladesh. This example can set up a success story of
disaster management system in south Asia as well.
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Directions and Avenues
of Geotourism—With Particular
View to Nepal

Jörn H. Kruhl

Abstract The paper briefly presents foundations and advantages of geotourism in
theory and praxis. Research is mostly financed by public money and, therefore, the
public should be informed about results of research. Such transfer needs to follow
didactic rules. Beyond seminar rooms, geotourism is mainly based on
geo-museums, geotopes and national and global geoparks. Geotourism as part of
ecotourism and educational tourism is regarded as driving force behind the eco-
nomic and cultural development of regions. Specifically a country like Nepal, with
a limited industrial fundament, should make advantage of its rich geo-heritage. The
paper reviews the geoscientific, economic and structural basis of geotourism in
Nepal and its necessary design with respect to geo-hazards. Suggestions are made
how geoscience transfer to the public can be performed, with special view on the
Global Geopark Network, and which practical steps for successfully establishing
geotourism in Nepal can be made. Finally, a key object is presented, which could
serve as geotouristic focus of attraction: The Great Wall of Kathmandu.

Keywords Geotourism � Geopark � Geodidactics � Science transfer
Nepal

1 Introduction

The definition and use of the term geotourism goes back to the United Kingdom
and the early 1990s (Hose 1995, 2008, 2012). From there it developed to its current
concept and range of application. Originating from the idea of protection and
conservation of geosites and, subsequently, the explanation and presentation of the
history of geological objects, increasing importance was attached to the interpre-
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tation not only of geo-objects but of the wide range of geological processes and
their importance for the development of nature and for the human society.

Although in the beginning single geosites (or geotopes) formed the backbone of
presenting geoscience to the public, quickly a process of concentration and
expansion started. Geotopes, grouped in certain regions, were connected to national
geoparks and geopark networks, to transnational and finally to global geopark
networks. Simultaneously, regulation and formalization gathered strength and
culminated in the establishment of the Global Geopark Network under the man-
agement of the United Nations Educational, Scientific and Cultural Organization
(UNESCO 2016a).

National and global geoparks have proven as one of the main pillars of geo-
tourism that, during the last years, became an important part of worldwide tourism
and gained increasing economic significance (UNWTO 2016). Several reasons for
this development exist. (i) Although tourists are still seeking recreation and
entertainment, they increasingly set a high value on education and new experiences
(‘educational leave’). (ii) Environmental problems directed attention to the
importance of environment for humans and societies. This generated the desire to
‘understand’ nature and natural processes. (iii) Based on the increased global
reporting, natural disasters moved into the focus of public interest. (iv) Again based
on the wide distribution of information, people realize and understand the impor-
tance of the Earth’s crust, i.e. of rocks, for nearly all aspects of life.

The economic significance of geotourism gives point to a closer inspection of the
foundations of geotourism, its establishment and promotion specifically in countries
without strong economy like Nepal, and of the didactic aspects of transferring
science to a ‘non-scientific’ public.

2 Transferring Geoscience to the Public

Science is financed by public money and, therefore, scientists are obligated to
inform the public about the results of their research—also for their own benefit.
After all, a continuous flow of money is needed, which not only ensures the
infrastructure of research and its maintenance but also the scientists’ jobs. However,
it is even more important to make the public understand why the results of scientific
research are generally significant for human societies.

In order to successfully transfer science to the public, scientific results need to be
comprehensible for non-professionals. For that reason, a few rules have to be
considered (Birkenhauer 1996): (i) The presentation of science must not be
designed on the knowledge level of experts. (ii) It has to match the laypersons’
knowledge and, even more important, their patterns of thinking. (iii) The questions
of laypersons should be answered, not the questions of the experts. (iv) The
appointment with science should be original and unmediated. Objects, suitable for
such appointment, should show several characteristics: a ‘problem content’,
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straightforwardness, conciseness, impressiveness, structuredness, emotional cog-
nition, contextuality (Birkenhauer 2003).

The importance of geoscience is based on the fact that they offer an immediate
experience of nature and its importance, and can communicate that nature is
beautiful, vulnerable and worth protecting. Such mediation is performed best at
extracurricular geosites (Birkenhauer 1995): museums, special exhibitions, show
caves, show mines, or outdoors in geotopes, along nature trails, and in geoparks.

Above all, these ‘open’ geosites are important. Only beyond classrooms or
lecture halls, it is possible to conceive dimensions and time of our surrounding
world (Kruhl 2007). Worlds (of experience) are between looking at an image
on-screen in a dark seminar room and observing a landscape outdoors, walking
through a quarry, trekking in a valley, touching rough or smooth rock surfaces, or
listening the scrunching of gravel under the shoes. In nature, one learns with many
senses. In addition, outdoors larger objects can be observed and investigated than
indoors. Certain geological structures and processes become accessible only on
large scale or can be simulated only outdoors.

In geoparks, for example, geological structures and processes can be impres-
sively related to landscape, animate nature, and the cultural and historic environ-
ment of humans. They offer insights to geological processes and awaken
understanding of the development of landscapes and of the necessity of mainte-
nance and conservation. “You conserve what you love.” In geoparks an interdis-
ciplinary approach to the geosciences is possible. This facilitates forming networks
of knowledge and, consequently, supports processing and storing knowledge.

As a general advantage, geosites are (in most cases) ‘visitor-resilient’.
Abandoned quarries, the bottom of cliffs, road cuts, boulder fields, etc., provide
enough space for many people, can be treated by hammers in most cases, and are
resistant against noise and many soles of shoes. In the case of geosites ‘discovering
learning’ (Neber 1975) has priority. It is outstandingly suitable for transferring
geoscience to the public. Or vice versa: The geosciences represent an excellent field
for applying ‘learning by doing’.

In geoparks km-scale structures can be combed and thus conceived. This aspect
of geoparks gains specific importance with respect to the partly extreme spatial
extension of geological structures (from the scale of atoms to lithospheric plates).
The morphologies of landscapes may be considered as a first example. They are
formed by various geological processes and often laypersons’ questions focus on
them. Mountain ridges and lowlands are characteristic landforms, which catch the
observer’s eye and provoke questions about their forms and formations (Fig. 1).

Many geological structures are scale-independent (Mandelbrot 1982) and,
therefore, can be presented without lack of information on any scale, thus small
enough for the classroom. Nevertheless, size matters. The object size always bears
relation to our own size. Thereby the impression of the object on ourselves changes
(Gehl 2010). A boulder or quarry face, which overtower us and contain dm- or even
m-large crystals (Fig. 2) impress us much more than a fist-sized piece of rock with
mm-sized crystals, although the geological message is possibly the same.
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Geological objects can ‘talk for themselves’. Their beauty and esthetics impress
without further explanations. This may wake the wish to learn more about these
geo-objects. However, different types of media are required to cause appreciation
and inseminate knowledge. Digital and interactive tools offer new possibilities of
flexible, instructive and stimulating representations of geological structures and
geoscientific processes. They specifically allow laypersons an easier access to

Fig. 1 Landscape in Lower Mustang (Nepal), with horizontally layered sedimentary rocks of the
Tethyan Himalayan Sequence (Chukh Group) in the foreground; Kagbeni at the Kali Gandaki
river. Photo JH Kruhl (2013)

Fig. 2 Carbonate vein with m-large amphibole columns; Tribulation Quarry, Mt. Isa Inlier
(Queensland, Australia); person for scale. Photo JH Kruhl (1993)
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geoscientific facts (Lansigu et al. 2014). Still, the geosciences are preferentially
communicated verbally or visually, with the aid of an intensive technical termi-
nology and of diagrams, sketches, photos, etc., which are coined by specific sci-
entific concepts and patterns of thinking.

The rigid geoscientific terminology, however, makes it difficult for laypersons to
gain access to even simple geoscientific facts. Often it is used by the experts to seal
themselves off from non-experts. Also the visual representation of scientific facts is
shaped by a specific symbolism and distinct abstract concepts. The representation of
measurements in histograms or X-Y coordinate systems is difficult to understand for
non-scientists. Geological maps and profiles, even more, demand to be familiar with
specific notations. Already topographic maps give many people a riddle. Even
more, geological maps are based on concepts that need to be known, in order to
make the information of these maps accessible.

The large spatial and temporal range of investigations is specific of the geo-
sciences—from atomic scale to the size of mountain ranges and lithospheric plates,
from processes spanning only seconds, such as earthquakes, to the deformation of
rocks, which may be as slow as the growth rate of fingernails.

These problems of verbal and visual science representation and of the use of
technical concepts require to approach geoscience representations suitable for
laypersons. Geosites, in combination with guided tours, posters, booklets, electronic
audio-systems, etc., are one of the most powerful and effective tools we have. Such
transfer of geoscience should follow certain rules (Birkenhauer 1996; Hughes and
Ballantyne 2010; Kruhl 2007):

• Write (and speak) interestingly, clearly, concisely and elegant.
• Reduce the geoscientific language to the absolutely necessary minimum.
• Use simple and catchy representations and examples—‘less is more’.
• Explain the specific geoscientific symbolism or replace it by ordinary symbols.
• Balance verbal and visual representations.
• Answer the questions of laypersons—not your questions!—and take yourself to

the niveau of laypersons.
• Perform actions.

All technical representations at geosites require repeated evaluations—by
experts as well as by laypersons (Dos Reis and Henriques 2009). Because in the
geosciences didactics is not sufficiently established, except in geography, such
evaluations are necessary. Technically good, comprehensible and inspiring repre-
sentations to the public are too important for the geosciences to be done solely
intuitively and without evaluation from outside. Furthermore, the efficacy of col-
laboration between institutions and persons, involved in establishing and con-
ducting geotouristic activities, should be evaluated on a regular and scientifically
profound basis (Pforr and Megerle 2010).

The growing number of such representations, mostly books and booklets—
Clarke (1990), Cwojdziński and Kozdrój (2007), Fritsche and Sulzenbacher (2003),
Gall (2009), Huber (1989), Lottermoser et al. (2008), Upton (2004), Wagenbreth
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and Steiner (1982), just to mention a few—indicates that geoscientists all over the
world are increasingly aware of the importance of geoscience transfer to the public
in an adequate form.

3 Foundations of Geotourism

Geotourism is based on various types of geosites, mostly geo-museums, show
caves, show mines, geotopes, geoparks and their networks. A geotope is generally
seen as “the geological component of the abiotic matrix present in an ecotope.
Example geotopes might be: an exposed outcrop of rocks, an erratic boulder, a
grotto or ravine, a cave, an old stone wall marking a property boundary, and so
forth” (Wikipedia 2016). The term goes back to Wiedenbein (1994). In a similar
way, a geopark is regarded as “a unified area that advances the protection and use of
geological heritage in a sustainable way, and promotes the economic well-being of
the people who live there” (Wikipedia 2016; after McKeever and Zouros 2005).

Since the 1990s, in numerous countries geotopes were designated and processed
from scientific and didactic perspectives, by scientific associations as well as
governmental institutions. This regionally led to partly extremely well documented
and presented, and politically supported dense networks of geotopes (Lagally and
Loth 2016).

Parallel and on the basis of numerous, spatially connected geotopes, national
geoparks were established (Jones 2008) and extended to transregional geopark
networks (Zouros 2004), e.g., in 2000 to the European Geopark Network (EGN
2016) and to the Asia Pacific Geopark Network (APGN 2016). In 2004 the Global
Geoparks Network (GGN 2016) was formed. This increasing interconnection led to
an intensive exchange of information in the form of conferences, scientific publi-
cations, and newsletters and to focusing and, therefore, strengthening of numerous
activities in individual geoparks.

From the beginning, geosites and geoparks aimed at several purposes. The early
geosites often represented natural monuments where the concept of protection had
priority. Their grouping into geoparks, accompanied by an increased attraction for
visitors, based on the concept to bring the geological aspects of nature into the focus
of the public and make them available to a wider auditorium. Consequently, special
emphasis was laid on geo-didactic and touristic issues. In general, geoparks
ideationally and economically rest on three columns: (i) protection and conservation
of earth heritage, (ii) transfer of geoscience to the public, based on a variety of
educational activities, (iii) geotourism, related to sustainable development.

Beyond their connection to the abiotic nature, geoparks can be also closely
linked to human economic and industrial activities, as exemplified by the Ruhr Area
National Geopark (Wrede and Mügge-Bartolović 2012). This shows the flexibility
of the geopark concept and its wide range of possible installations.

In 2015 the UNESCO General Assembly ratified the label “UNESCO Global
Geoparks”, which expresses “governmental recognition of the importance of
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managing outstanding geological sites and landscapes in a holistic manner”
(UNESCO 2016b). Currently, the global geopark network consists of 120 geoparks,
mostly in Europe and Eastern Asia (Fig. 3).

UNESCO Global Geoparks are defined as “single, unified geographical areas
where sites and landscapes of international geological significance are managed
with a holistic concept of protection, education and sustainable development.” They
use “geological heritage, in connection with all other aspects of the area’s natural
and cultural heritage, to enhance awareness and understanding of key issues facing
society, such as using our earth’s resources sustainably, mitigating the effects of
climate change and reducing natural disasters-related risks” (UNESCO 2016b).
Geoparks are considered not so much as a conglomeration of important and worth
protecting geosites but as regions, in which nature, culture and economy are linked
in a comprehensive way, namely with respect to education und sustainable
development. That means that only larger, uninterrupted regions that are settled and
have a cultural history are qualified as UNESCO Global Geoparks. Consequently,
national parks with their differing structure and intention are in contrast, or even in
competition to the Global Geoparks.

UNESCO Global Geoparks comprise ten focus areas: natural resources, geo-
logical hazards, climate change, education, science, culture, women, sustainable
development, local and indigenous knowledge, geoconservation (UNESCO 2016c).
Amongst many other topics and urgent problems, the UNESCO declaration about
Global Geoparks underlines climate change and natural disasters as key issues.
However, this may be owed to the currently strong presence of these topics in the
media.

The definition of the UNESCO Global Geoparks justifiably emphasizes the
fundamental importance of our geo-environment for the human civilization. The
geological heritage is of intangible value, forms the basis of our culture and
economy and comprehensively influences all parts of human life.

Fig. 3 UNESCO Global Geopark Network, including approx. 120 geoparks mostly in Europe and
eastern Asia. Black circle: established geopark; gray circle: application for UNESCO geopark;
modified and supplemented after Júlio Reis (2008) and UNESCO (2016a)
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Furthermore, geotourism is regarded as driving force behind the economic and
cultural development of the region. This approach points to the fact that conser-
vation of nature and economic development do not compete but that the conser-
vation of geological heritage is a precondition of and driving force for development.
This, again, is important for obtaining acceptance by the local population.
Consequently, establishment and preservation of a geopark require a ‘bottom-up’
approach. “UNESCO Global Geoparks are established through a bottom-up process
involving all relevant local and regional stakeholders and authorities in the area
(e.g. land owners, community groups, tourism providers, indigenous people, and
local organizations). This process requires firm commitment by the local commu-
nities, a strong local multiple partnership with long-term public and political sup-
port, and the development of a comprehensive strategy that will meet all of the
communities’ goals while showcasing and protecting the area’s geological heritage”
(UNESCO 2016b).

It follows that the Global Geopark Network—based on individual geosites,
geo-museums, and geoparks—forms an excellent fundament for building and
developing regional geotourism. The establishment of geotourism on this basis is
relatively independent of the local situation. It does not need a fully developed
infrastructure or larger financial resources. It mainly builds on the commitment of
individual scientists and non-experts and on the enthusiasm and support of the local
population. Thereby, the building of geotourism does not so much represent a
technical and administrative problem but mainly rests on persuasiveness and visi-
bility of advantages and the immaterial value for the local population.

Nevertheless, building a geopark needs a certain number of steps on a geosci-
entific level:

(i) The entire geological situation has to be prepared scientifically and com-
prehensively. Such preparation is mostly available in countries with a
long-lasting geological survey. In those countries with limited or only
large-scale survey, fundamental geological work has to be done. Such work
mainly requires scientists from research institutions.

(ii) Geosites that form the basis of a geopark have to be investigated not only
geoscientifically but also with respect to their usefulness for a
non-geoscientific auditorium.

(iii) A central drop-in-center for visitors is needed. Ideally, it not only represents
a ‘visitor Center’ that provides touristic and general-scientific information
but also a ‘Science Center’, where interactive and ‘hands on’ actions can be
extensively performed and where ‘learning by doing’ has priority. Although
geological objects and presentations are often relatively inexpensive, such a
science center generally requires the considerably highest amount of money
in the geopark.

(iv) In general, the geoscientific information needs to be prepared for laypersons
in a didactically sophisticated way, with respect to verbal as well as graphical
representation. Naturally, as many media as possibly should be utilized,
particularly digital media.
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The specific requirements for and boundary conditions of a UNESCO Global
Geopark have been already mentioned. However, they are not mandatory precon-
ditions for a geopark that forms the basis of regional geotourism.

4 Advantages of Geotourism

Worldwide, tourism increases continuously since many years. In 2015, more than
one billion tourists traveled internationally, more than half of them in Europe and
nearly one quarter in Asia and the Pacific region. Tourism accounts for nearly 10%
of the world’s gross domestic product (GDP) and 6% of the global trade. Every
eleventh job in the world is located in tourism and tourism is one of the most
resilient economic sectors (UNWTO 2016).

It is increasingly realized that tourism is a key driver for sustainable, economic
growth and for “… the promotion of … full and productive employment and decent
work for all.” The United Nations have declared 2017 as “International Year of
Sustainable Tourism for Development” (UNWTO 2016). Furthermore, the impor-
tance of education and training for tourism are regarded and the necessity to create
“… stronger links between the private sector, the public sector and education and
training institutions to close the gap between the needs of the market and education
programmes” (UNWTO 2016).

In the same way as tourism, geotourism plays an increasing role for sustainable
regional development (Megerle 2006) and, specifically for the economy of coun-
tries without a strong industrial basis. Geotourism is part of the increasing ‘edu-
cational tourism’ that primarily appeals people who wish to experience a country
and get to know its culture, history, traditions, architecture, nature, etc. In contrast
to educational tourism, geotourism show several crucial advantages.

(i) Geoscience-related touristic activities can be designed environment-friendly.

• Distances between different geosites can be traveled afoot.
• Many activities are ‘manual’ (e.g. collecting minerals and fossils, or shaping

rock samples) and do not need support by machines or energy in general.
• In contrast to e.g. biotopes, rocks or outcrops are ‘visitor-resistant’. They tol-

erate even high numbers of visitors. Touristic activities rarely affect and nearly
never destroy them.

• Mostly, the value of a geosite or geotope is not constituted of the uniqueness of
the rocks or their structures but of their didactically favorable peculiarity. Easy
accessibility, or excellent exposure. If a geosite is destroyed by constructional or
other activities is is often relatively easy to find a similar geosite somewhere
else.
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(ii) Geology-related tourist activities do not need large infrastructure, i.e., are
cost-efficient.

• Except museums that had to be established, everything can be taken as it is
present: each manifestation of abiotic nature (mountains, cliffs, gorges, mor-
phological features, depositions, etc.) or abandoned mines and quarries,
road-cuts, etc.

• Often geosites are created by constructional and industrial activities (road-cuts,
quarries, open mines) and, in contrast to biotopes, are not destroyed by them.

• Geosites or geoparks can be established even in close connection to still existing
or former areas of industrial activities (Wrede and Mügge-Bartolović 2012).

• In general, only wall charts or information signs are cost factors. But the
increasing digitalization and digital interconnection provide the opportunity to
make information available in a flexible way and without much costs (Cayla
2014).

• In addition, geosites do not need maintenance or only a minor one. Over dec-
ades or even longer they remain in their original conditions.

• If, however, the original condition is changed by geological processes (e.g. by
erosion) the new condition may likewise (or even better) serve the geotourism.
Geosites can develop and, in this way, point to the importance of time for
processes in nature (Fig. 4).

Fig. 4 “Twelve Apostles” at the coast of Port Campbell National Park (Victoria, Australia). These
limestone stacks are formed by erosion of the neighboring headland cliff. During the years, the
initially twelve stacks were reduced to currently nine. The tenth collapsed in 2005. But erosion
may form new stacks in the future. Photo JH Kruhl (2010)
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(iii) Geology-related tourist activities can be based on partly already performed
regional research and complemented by local scientific research. Different
types of geoscientific research form the basis for geotourism.

• Geological maps of different scales provide information about occurrence and
stratification of various rocks and about large-scale structures. Already geo-
logical mapping on a local scale leads to the detection and designation of most
geosites that are of interest for geotourism.

• Measurements in the field and collected samples provide data and material, on
which further specialized investigations can build.

• Such investigations from various fields of the geosciences should also help
answering the questions of tourists: How old are the rocks? Which history did
they experience? In which way the structures were formed? How the landforms
and colors? But above all: Which geological processes are behind all this?

(iv) Geoscience-related tourist activities create new jobs in an ambitious sector of
tourism.

• In addition to scientists, local laborers can be employed, who take care of the
construction and maintenance of roads and trails and of the preservation of small
geosites, e.g. by keeping them clear from vegetation. They can be also trained as
local guides.

• Numerous activities can be created for visitors of various age: collecting fossils
and minerals in show quarries; gold panning; guided tours through show mines;
or search and discovery of Earthcaches (GSA 2016) as part of Geocaching.

• Not least geotourism creates further jobs in various economic fields—through
accommodation, preparation of print and video material, tour guidance, etc.

Consequently, geotourism offers excellent opportunities specifically for devel-
oping countries. It needs only minor investments, can be built mostly based on the
economic resources available within the country, supports education of local
laborers, relatively quickly leads to additional jobs, and represents a stable and
environmental-friendly type of tourism.

5 Geotourism in a Country with Geo-Hazards—Nepal

Nepal is a country strongly exposed to natural hazards. However, the other side of
the coin is represented by the highly interesting and partly unique geological sit-
uation in a large mountain chain still under construction, which leads to nature
monuments of extra-ordinary beauty and high geo-didactic value. The geological
heritage of the country can serve as an additional pillar of tourism with advantages
as described above. Geotourism would be a further, important component of an
ecologically oriented tourism that is already established in Nepal (Bhatt 2006).
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In addition, geotourism can be established in all parts of the country, mostly
outside the Kathmandu Valley. Therefore, it can work against the extreme cen-
tralization and contribute to rural development. A more evenly distributed eco-
nomic growth would support the general development of the country and would
help stabilizing democracy (Hagen 2012).

After the 2015-earthquake, the numbers of visitors to Nepal dramatically
dropped and only slowly recovered (Government of Nepal 2015). Although this
seems to indicate a negative effect of natural hazards or geo-hazards on tourism, in
the medium to long term geo-hazards potentially can have positive effects on
tourism and use of this should be made. Definitely, tourists have a certain interest in
a ‘moderate’ type of ‘geo-catastrophes’, for example hang-slides or rock ava-
lanches, if they can be observed riskless from the distance (Kathmandu Post
2016-02-08). What ‘big cat watching’ is in wildlife tourism, ‘avalanche watching’
could be in geotourism in Nepal.

Some principles and boundary conditions should be considered for building up
geotourism in Nepal.

• The geological situation of the country is characterized by the subduction of the
Indian sub-continent, as part of the Indian-Australian lithospheric plate, under
the Eurasian lithospheric plate. The relative motion between India and Eurasia
of ca. 4 cm/year leads to a current horizontal shortening of roughly 2 cm/year in
central and eastern Nepal (Bettinelli et al. 2006; Jade et al. 2014).

• This collision leads to uplift of the Himalayas with zones of different geology
and elevation, ranging from less than two hundred meters in the Ganga Plain to
more than 8000 m at the Tibetan border. This zoning forms the basis of zones of
different morphology, climate, vegetation, agriculture, culture, etc.

• Nepal extends parallel to these zones, specifically to the zones of different
geology (Fig. 5).

• Although many locations of extraordinarily beautiful nature with impressive
geology exist throughout the country, geotourism should be related mainly to
the very special general situation, e.g. to processes directly related to the rapid
uplift of the Himalayas (or indirectly linked to them through other processes,
such as climate change). These processes are mainly, but not always, connected
to various types of geo-disasters, such as earthquakes (Sakai et al. 2015), rock
falls and avalanches (Fig. 6), landslides (Dahal et al. 2009; Gerrard 1994;
Hasegawa et al. 2009; Timilsina et al. 2014; Thapa 2018), or floods (Mool 1995;
Reynolds 1995; Benn et al. 2012), with which the country has to battle.

• However, the point is only partly that risks and causes of these geo-disasters are
represented and that the public awareness of georisks is increased. Instead, it
needs to be shown, in which way the country deals with these threats (Gautam
et al. 2016; Tuladhar et al. 2015) and how, nevertheless, living in security and
with economic stability is possible (Joshi and Joshi 2018).

• For example, the feasibility of geo-disaster resistant traffic routes (e.g. ropeways,
Gyawali et al. 2004) or the great potential of hydropower (Pokharel 2001)
should be represented.
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• Nevertheless, lessons learned from other regions with respect to conflicts
between tourism and natural risks should be considered (Karkut 2010).

• Ca. S-N oriented profiles provide the best insight into the rapid changes across
the mountain chain. Geosites and tours restricted to the high mountain regions

Fig. 5 Large-scale geological structure of Nepal. Broken line = location of the geological
cross-section that serves as a basis for the Great Wall of Kathmandu (Fig. 7). Modified after Dhital
(2015)

Fig. 6 Large rock fall north of Tatopani, Bhudi Gandaki Valley, Nepal. Photo JH Kruhl (2017)
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cannot give this type of information. Therefore, geosites should be preferentially
located along such profiles and, with respect to touristic tours, should be con-
nected in terms of content.

• Such tours should be established not only in the central parts of the country but
also in the western, eastern and southern ones. This would ensure a more even
distribution of geotourism over the country.

• At the moment, tourism is mainly concentrated in the Kathmandu Valley and the
high mountain regions. At first, geotourism would be established in these two
regions, already for reasons of convenience. However, in the medium term all
parts of the country should be included, namely Lesser Himalaya, Siwaliks and
Terai. In these regions, many interesting geosites could be established. For
example, in Siwaliks and Terai outcrops of the large thrusts can be observed
(Main Boundary Thrust MBT, Main Frontal Thrust MFT—Sapkota et al. 2013;
Thakur 2013), the deeper sections of which, namely the Main Himalayan Thrust
(MHT), are affected by displacements that led to the larger earthquakes.

• From the beginning, the establishment of geoparks should follow the standards
of Global Geoparks given by the UNESCO (UNESCO 2016b, c). Specifically,
the holistic concept of protection, education and sustainable development should
be taken into account. In Nepal, where geology and geo-hazards have impact not
only on landscape and its changes but also on various parts of society, geoparks
can comprehensively represent the implications of geo-disasters and how the
society deals with them. This is also an important aspect of the concept of
Global Geoparks (UNESCO 2016d). It appears reasonable to include additional
aspects in the framework of geology and geo-disasters: (i) the effects of disasters
on economy and infrastructure in general and, specifically, on the economic
situation of the people; (ii) the demands on technical and medical aid
(Brodmann Maeder and Pun 2018), on administration, politics, legal system
(Meyer and Stelzer 2018); (iii) aspects of reconstruction, including the recon-
struction of destroyed or damaged World Heritage Sites (Dorka 2018; Guragain
et al. 2018; Manhart 2018); (iv) the psychological and emotional effects of
disasters (Fothergill and Squier 2018); and (v) how the society prepares for
future threats (Tuladhar et al. 2015; Schneider and Witting 2018).

Only a comprehensive and integral representation of all these aspects of life
under constant threat by geo-hazards can sufficiently illustrate what living in a
‘hazardous country’ really means. Geoparks should represent the strong impact of
abiotic nature on human life. Such representation forms the essential significance
and value of geoparks.

In Nepal, geotourism can base on firm foundations.

• Except the monsoon period, geotourism would be possible all over the year.
• A well-constructed network of trekking trails with numerous accommodation

facilities exists, however, mostly in the Higher Himalayas.
• Since many years, national parks as well as local museums are established.
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• The country holds several geo-institutions, however, nearly all of them in the
Kathmandu Valley.

• Local geoscientists are experienced in various fields of geosciences.
• Numerous tourist guides are available, who are well trained, however, not

adequately in the geosciences.
• The population is aware of the importance of geoscience and tourism for the

country.

Nevertheless, these foundations could be highly enlarged and strengthened,
given all the possibilities that are present in the country.

6 What to Do in Nepal

The successful establishment of geotourism in Nepal will mainly depend on the
cooperation of different geo-institutions, e.g. Department of Mines and Geology,
Department of Survey, Geo-Departments of Tribhuvan University and Kathmandu
University, National Academy of Science and Technology (NAST), Research
Center of Applied Science and Technology (RECAST), The Open University, and
tourism-related institutions in the country, such as Ministry of Tourism and Nepal
Tourism Board. Furthermore, the support of the hotel and catering industry and of
local institutions, such as Rotary or Lions Club, is needed.

Geotourism in Nepal has to be based on what is currently available, with respect
to natural and human resources, and what could be made available in the near future
without high costs. It has to consider Nepal’s special situation in relation to
infrastructure and available resources. In general, several subsequent steps are
required.

During an early stage, a national platform should be established for the dis-
cussion of all essential questions with regard to geotourism in Nepal. Based on this
platform, a group/board has to be formed, which coordinates and supervises all
further steps, specifically:

• Collection and evaluation of information with respect to possible geosites in
various parts of the country; generation of additional data if necessary

• Selection of geosites with respect to geological value, geo-didactic usefulness,
range of topics, accessibility, and scientific and economic effort of establishment

• Preparation of the information for non-experts; generation of websites and an
electronic data bank; generation of tourism-related documents (printed and/or
electronic)

• Establishment of further tourism-related information and activities, such as
Earthcaches (GSA 2016) or webcams at sites of landslides or possible rock
avalanches

• Establishment of a time table of installation
• Calculation of costs of scientific and technical work; fund raising
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• Getting media and local population involved; recruitment of personnel for
voluntary as well as paid work

• Design of concepts for geoscientific and geodidactic education of tourist guides
(geo-guides); concepts for continuous supervision of geo-guides

• Installation of university courses in geotourism and study and preservation of
geosites, as already established elsewhere (Manyuk 2016; MSU 2016; Slomka
and Mayer 2010).

In the medium term, larger sites or regions of specific geological interest should
be transformed to national geoparks and, finally, installed as part of the
UNESCO-supported Global Geopark Network (UNESCO 2016b). This network
performs a strict acceptance procedure and, through various regulations, guarantees
high quality in relation to international geoscientific as well as geo-didactic stan-
dards. Vice versa, being member of the network requires continuous quality
evaluation and increases the international visibility. Consequently, such member-
ship is advantageous with respect to national acceptance of the geoparks and
commercialization of geotourism in Nepal on the international tourism market.

In principle, all activities related to building regional geotourism can be ideally
and financially supported by the United Nations World Trade Organisation
(UNWTO 2016).

7 The Great Wall of Kathmandu

Geotourism, although related to various geo-sites and geo-regions all over the
country, should have and need to have a focus—a central object with extraordinary
scientific and visual properties, where tourists as well as locals see at a glance the
main geo-situation of Nepal. This site should be located in Kathmandu where most
tourists start their time in the country or from where they leave the county. Seeing
the geo-situation of Nepal at a glance means grasping the main structure of the
Himalayan mountain chain. Due to the approximate WNW-ESE elongation of the
mountain chain, such structure is presented best as a cross-section in NNE-SSW
through the central Himalayas displaying morphology, geology and structures: The
Great Wall of Kathmandu (Fig. 7).

The location should be easily accessible and visible and should fulfill several
scientific and technical conditions:

• The section should be situated geologically where the structures of the mountain
chain are most prominent and clear.

• All rocks and large-scale structures should be as variable as possible.
• The region should be well studied, so that the relevant information is available

without much further investigations.
• A SSW-NNE oriented cross-section east of the northern Kali Gandaki Valley,

with a total extension of ca. 220 km, appears suitable.

244 J.H. Kruhl



• This cross section extends from the Indian border close to Lumbini, over
Butwal, Baglung and the Annapurna massif, to the Tibetan border north of
Muktinath (Fig. 5).

• For better visualization of large-scale thrust and nappe structures, it reaches to
depths of ca. 20 km as a minimum.

• In order to guarantee good visibility, the wall is built on a scale of 1:2000, i.e.
extends over a distance of ca. 110 m.

• The orientation of the wall and of the geological cross-section should coincide.
• Horizontal and vertical scaling is equal. Consequently, at its maximum rise the

wall is roughly 14 m high.
• Steps on one side at –10 km and 0 km level, i.e. at up to 5 and 10 m height,

allow accessibility and, therefore, a better view on the smaller-scale structures.
• This, together with requirements of stability, leads to a minimum width of 6 m

at the base and 2 m at the top.
• Independently of its supporting construction, the outer faces of the wall show

the main geological units of the cross-section built from rock plates, equivalent
to the various rock layers in nature. The plates are decimeter-sized and placed in
such a way that the rock structures are in agreement with the orientation of the
structures in nature.

• The wall is surrounded by an exhibition area with one to several meter sized
boulders that represent the main rocks of the country.

Fig. 7 The Great Wall of Kathmandu. Model of a 110 m long and up to 15 m high wall, which
represents a 220 km long and up to 20 km high/deep, roughly SSW-NNE oriented geological
cross section through Nepal (location shown in Fig. 5). The scale is 1:2000. Larger structures
(thrusts, folds, layering) are indicated. The cross section extends from the Indian border close to
Lumbini, over Butwal, Baglung and the Annapurna massif, to the Tibetan border north of
Muktinath. In reality, the wall will be built from rock plates equivalent to the various rock layers in
nature. The wall is surrounded by an exhibition area with one to several meter sized boulders that
represent the main rocks of the country. Steps on one side at 0 km and -10 km level allow
accessibility. Geology and structures of the cross-section modified and simplified after Paudel and
Arita (2000, 2006a, b), Searle (2010) and Elliot et al. (2016)

Directions and Avenues of Geotourism—with Particular … 245



• A visitor center provides fundamental as well as more detailed information
about the geology of Nepal and geo-hazards and informs about all
geoscience-related topics.

• All construction work is performed by local craftsmen. The rock plates are
transported by local laborers from exactly the regions transect by the geological
cross-section.

• The Great Wall should be placed in the central part of Kathmandu, close to main
touristic destinations. For example, space would be available in Ratna Park and
its surroundings. But other places are also conceivable.

In general, beyond providing geoscientific information in a comprehensible and
clear way, it is the main purpose of the Great Wall to represent a geo-monument
that is not only impressive but also of artistic value. It would serve as a
geo-monument of international visibility.

8 Conclusions

Advantage can be taken of the exposure of Nepal to natural hazards. Such hazards
are the expression of a highly interesting and partly unique geological situation in a
large mountain chain still under construction. During the last millions of years, this
situation led to nature monuments of extra-ordinary beauty and high geo-didactic
value. The geological heritage of the country can serve as a main pillar of
geotourism.

Geotourism, as part of ecotourism, can be of great economic significance,
specifically in a country like Nepal with only weak industrial fundament. Compared
to other types of tourism, geotourism offers several advantages.
(i) Geoscience-related touristic activities can be designed environmental-friendly.
(ii) They do not need large infrastructure, i.e. are cost-efficient.
(iii) Geoscience-related touristic activities can be based on partly already conducted
regional research and complemented by local scientific research. (iv) Such activities
create new jobs.

As a first step, the fundament of geotourism has to be built and made available to
the public: geosites, geomuseums, show quarries, and geoparks. In Nepal, where
geology and geo-hazards have impact not only on landscape and its changes but
also on various parts of society, geoparks can comprehensively represent the
implications of geo-disasters and how the society deals with them. All geotouristic
sites and activities require repeated evaluations—by experts as well as by
laypersons.

In the medium term, larger sites or regions of specific geological interest should
be transformed to national geoparks and, finally, installed as part of the
UNESCO-supported Global Geopark Network. These geoparks should follow the
standards of UNESCO Global Geoparks with a holistic concept of protection,
education and sustainable development.
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Last but not least geotourism in Nepal should have a focus—a key object with
extraordinary scientific and visual properties, where tourists as well as locals see at
a glance the main geo-situation of Nepal. Such an object is presented best as a
cross-section through the central Himalayas displaying morphology, geology and
structures: The Great Wall of Kathmandu.
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Part IV
Living with Earthquake Risk



Women and Children in the 2015
Earthquake in Nepal

Alice Fothergill and Emma Squier

Abstract Disasters do not affect individuals and communities indiscriminately;
indeed, some groups of people are more vulnerable before, during, and after the
disaster. Globally, research has found that children, youth, and women are often
more vulnerable to disasters due to fewer economic resources, lack of political
voice, risk of sexual assault and exploitation, household labor responsibilities, and
gender and age discrimination. In this paper we examine the experiences of women
and children in Nepal, which was struck by a devastating earthquake and aftershock
in the spring of 2015. We discuss how the disaster impacted their lives, including
their shelter and housing, education, labor, personal safety, and health. In Nepal, as
is the case elsewhere, some groups of women and children are even more vul-
nerable than others. Women and children with disabilities, those belonging to an
ethnic or racial minority group, female-headed households, elderly women, and
children separated from families, or without families, face particular risks. We
consider how children and women were faring in Nepal a year after the earthquake
and propose some recommendations to reduce losses in the future.

Keywords Children � Women � Vulnerability � Disaster � Recovery
Nepal � Earthquake

1 Introduction

Vulnerability is not evenly distributed in disasters. Those most vulnerable are those
who are the most susceptible to harm and losses and face obstacles in recovery. As
Wisner and colleagues (1994) stated, those most vulnerable to disaster are those
who are not able to anticipate, cope with, resist, and recover from a disaster. More
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recently Wisner (2016) has argued this definition should also include issues of
power relations, intentionality, and institutional failures. Two groups particularly
vulnerable around the globe to disasters are women and children. Past research has
found that both groups of people are particularly vulnerable due to a variety of
factors, including resources, power, and threats of violence (Phillips et al. 2010;
Thomas et al. 2013). Disasters lower women’s life expectancy more than men’s,
according to data from 141 countries affected by disaster between 1981 and 2002.
Women, boys, and girls are 14 times more likely than men to die during a disaster
(United Nations 2010).

Around the globe, women have been found to be vulnerable in times of disaster.
The root causes of this vulnerability are a lack of resources—such as income,
education, health, and social networks—that allow people to cope with hazardous
events. Oftentimes, access to these assets may be gendered, with women having
less control over these assets than men (Bradshaw and Fordham 2013). Most dis-
asters place an immense amount of stress on women who are responsible for unpaid
work such as providing care, water, and food for households (United Nations
2010). In addition to the immediate effects of a natural disaster, as the primary
caretakers for their households, women experience an increase in their workload as
well as an additional emotional burden. The familial responsibilities that women
have before a disaster are only magnified by the onset of that disaster, as they have
significantly less support and resources. Women play a paramount role within the
family, meeting the immediate survival needs of family members as well as
managing the home (Enarson et al. 2006; Humanitarian Coalition 2016). In addi-
tion, following a disaster, it is more likely that women will be victims of domestic
and sexual violence; many even avoid using shelters for fear of being sexually
assaulted (United Nations 2010).

The secondary impacts on women that arise from disasters represent a ‘double
disaster’ for them. Aside from the loss of home, lack of resources, and insecurity
that is experienced after a disaster, a major impact felt by many women is a drastic
increase of hours in the working day, which affects their mental and physical
well-being. Despite the great importance of women’s labor within their family and
the community, this work is often devalued because it does not generate any
income. Women’s responsibility for unpaid care work can make them dependent on
men for access to economic resources and may add to their economic vulnerability.
In addition, vulnerability is closely linked to poverty, which can make recovery and
rebuilding after a disaster even more of a challenge, especially in a country like
Nepal (Fothergill and Peek 2004). By understanding the experiences and challenges
faced by women in disasters, we can learn to address these issues in the recon-
struction process, and re-build in a way that enhances the rights of women.

Children and youth have also been found to be a vulnerable group in disasters (Peek
2013). The number of children living in poverty around the world, including in
developed countries such as the United States, is staggering. Many children are
enduring lives of deprivation, living without adequate nutrition, poor housing, unsafe
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neighborhoods, or continued education. Thus many children are indeed living in crisis
before the disaster strikes, and the disaster adds to their existing vulnerability. This
creates a “cumulative vulnerability” making children at great risk to a “declining tra-
jectory” and negative outcomes after the disaster in some or all spheres of their lives,
including education, emotional and physical health, friendships, and family. Disasters
can be frightening and disorienting for all children, and displacement from one place to
another presents numerous challenges for children, such as loss of schooling and
separation from family members (Fothergill and Peek 2015).

Some women and children are more vulnerable to disasters and their aftermaths
than others. Women and children who belong to an ethnic or racial minority group,
those with disabilities, those in single female-headed households, elderly women,
and children who are separated from families in the disaster—or who do not have
families—face particular and significant risks. In the following sections we will
examine the experiences of women and children in Nepal after the earthquake
struck on April 25, 2015, and the aftershock in May. For the section on women, we
present the findings from a study conducted by this chapter’s second author, Squier
(2016), and for the discussion on children, we draw from relevant literature and data
collected by non-governmental organizations, such as UNICEF and Save the
Children, that specialize in children and disaster. The article’s first author Fothergill
had to opportunity to visit Nepal in February 2016. During this trip, she observed
the earthquake damage, and learned about children’s experiences from discussions
with Nepalese scholars, students, volunteers, trekking guides, and government
officials, as well as from international rescue workers and researchers.

2 Women’s Experiences

The qualitative study by Squier on women in the earthquake was conducted during
the month of April 2016 in the Sindhupalchok district of Nepal. The sample
included forty-five women, ages ranging from nineteen to seventy-three years who
lived in several villages in the Helambu region. Squier, with the help of two
translators, conducted in-depth interviews with each woman in the villages, and
some women were interviewed multiple times. The women often welcomed Squier
into their homes to talk with them, offering her food and tea. Other times, she would
interview the women while they were working in the fields. Every interview was
recorded with an audio device, interview notes were taken in a field notebook, and
then later transcribed onto the computer.

Based on the data collected in the interviews, a series of issues arose as the most
critical to consider in the women’s experiences in this disaster. These are food and
water, shelter and reconstruction, increase in workload, female-headed households,
income, education, and health. We will examine each of these seven components of
women’s lives in the sections that follow.
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2.1 Food and Water

Two of the most basic and practical needs, food and water, tend to be in short
supply after many disasters causing great concern for people who are in need of
them. The earthquake in Nepal was no different, and many people were in need of
immediate assistance. For many of the women, aside from the need for safe
housing, attaining food was the biggest immediate challenge. One year after the
earthquake, every woman interviewed was still eating the food that was donated by
the government or other organizations. One of the biggest problems for these
women was the fact that, in many cases, the first floor of their homes served as a
storage place for all of their food. With their houses completely crumbled to the
ground, this food became inaccessible and they had to wait for donations. Many
said that the government food donations stopped just a couple months after the
earthquake, but they were very thankful for the donations from all of the other
organizations.

Most of the women in this study did not have major challenges with accessing
water a year after the disaster. For those who did experience water difficulties, it
seemed to be a result of landslides that were blocking the water from reaching them.
In any case, the women expressed that these issues were not of major concern and
were something that could be handled.

Looking to the future, Squier asked the women what they thought would happen
when the food donations from organizations ran out. Some were concerned that it
would be a challenge, while others believed that they would be able to get food the
way they always had: they would exchange the potatoes that they grew for rice with
people from nearby villages, and if that did not work, they would have to find a way
to purchase it.

2.2 Shelter and Reconstruction

With nearly 900,000 homes destroyed or damaged due to the earthquake, shelter
became Nepal’s most pressing need and was something that the women interviewed
said had been their greatest challenge (see Fig. 1). A year after the earthquake, all the
women interviewed were still living in temporary shelter. Living in such a confined
space, where exposure to extremeweather was a constant concern, increased the stress
they experienced after the catastrophic earthquake. It is not safe for people to be living
in a weak structure for any amount of time, let alone an entire year (Jackson 2015).
Nearly every woman stated that the greatest challenge for them following the earth-
quake as well as one year later had been shelter and housing.

Some families were able to hire workers to construct their temporary homes for
them, but for many it was too expensive. In addition, there was a shortage of
workers because so many people were building and re-building their temporary
homes. Another difficulty arose from the fact that the majority of the tin structures
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consisted of one rather tiny room, maybe two, if the family had the materials. This
lack of space was a great challenge for the women, with their entire families and the
rest of their belongings crammed into one small space. In addition, there was the
constant fear of big storms. Many women expressed fears that their home would fall
apart due to the storms. It was difficult trying to sleep through a violent thunder-
storm when the only thing separating them and a bolt of lightning was a thin sheet
of tin. Women in the study noted that their temporary shelters were very cold in the
winter and unbearably hot in the summer.

Ideally, these women and their families would be able to build back better than
before, using earthquake-resistant materials, but they were not able to change the
design of their homes because they did not have the money. Perhaps even more
difficult than the inability to build back a stronger home was the loss of the homes
that these women had before the earthquake. With the destruction of their homes,
these women saw their lives crumble before their eyes, watching memories from
their childhood and their children’s lives disappear. It was more than just the loss of
a home; it was the loss of all of the irreplaceable memories that went along with it.
The difficulty of losing meaningful and sentimental belongings that were links to
both the past and the future has been documented in other disasters (Erikson 1978;
Fothergill 2004).

2.3 Increase in Workload

In disasters, women are responsible for such varied work roles involving produc-
tive, reproductive, and community labor (Enarson et al. 2006). In addition to all of

Fig. 1 A woman stands inside what used to be the kitchen in her badly damaged and
uninhabitable home
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the household and childcare duties that women are responsible for in everyday life,
when a disaster strikes, these duties increase and women often times find them-
selves with an overwhelming amount of work. This creates an emotional and
stressful burden for them.

The Nepal earthquake was no exception, and nearly every woman in this study
felt that the amount of work that they were responsible for had increased afterwards.
For a majority of the women, losing their homes was the biggest factor in their
increased labor. In addition to cooking, cleaning, caring for their children, and
farming, as can be seen in Fig. 2, women now had to sort through the rubble to
rescue their belongings and plan the relocation of a temporary home, all while
remaining strong for those dependent upon them. These women were dealing with a
tremendous amount of work and stress and they expressed that they did not even
know where to begin with all the work to be done. Many of them felt as though
their lives were incomplete. The amount of work surrounding these women’s set-
tlements was never-ending. These women’s lives were already busy maintaining
their crops everyday while taking care of their household, and living in temporary
shelters added to the stress and workload. Most of the women did not have enough
money to hire workers to build a stronger home. Another stressor mentioned by
some was that they had no storage for their potatoes, so their main source of
sustenance was rotting and becoming inedible. The tremendous extra labor and
stress was common for all the women and was even more of a challenge for women
who were the head of their households.

Fig. 2 Women of one village working together to harvest wheat
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2.4 Female-Headed Households

Many of the women in this study were not living with their husbands at the time of
the earthquake, either because their spouse had died, or their spouses were living
outside of Nepal, migrating to other countries for work. Nepal has a large migration
remittance economy, as Nepalese citizens go to other countries for work and send
their wages back to family members in Nepal. The villages affected by the earth-
quake had a high level of out-migration. Thus, villages were often populated by
children, elderly, and female-headed households. For the women who did not have
a husband at home with them, their everyday roles become even more of a chal-
lenge and all of the responsibilities of managing the household fell on them. With
the rise in males migrating elsewhere for work, the number of female-headed
households and women farmers had increased. With their husbands gone, the role
of farming had fallen completely to the women and they become more reliant on
agriculture for their livelihoods (Jackson 2015). Household management in poor
communities is difficult even in the best of times, but for female-headed households
after a disaster; it becomes even more difficult (Enarson et al. 2006).

The Nepalese women in the study who headed their households faced many
challenges in the disaster aftermath. Many had to raise and care for children on their
own, while also farming. For one woman interviewed in the study, life after the
earthquake was particularly difficult. Like everyone else in her village, her home
was rendered unlivable by the earthquake, and one year later she still did not even
have a temporary shelter. Her husband spent most of the year in Ladakh doing
construction work, leaving her alone in her village for a majority of the year. Her
husband returned home once a year, and their communication was very limited.
This took a great toll on her, leaving her to do all of the farming and other various
chores. She stated that she could not rebuild her home until her husband returned to
the village. In the year after the earthquake, several women in her village opened up
their homes to her, giving her shelter and a place to stay. The earthquake greatly
affected everyone, but for female-headed households, life became even more
challenging.

2.5 Income

Women faced challenges in earning a sustainable income for themselves and their
families and dealing with absent family members participating in the remittance
economy. For many villagers, one of the only ways they could earn income was by
selling their potatoes to villages that were unable to grow them. Before the earth-
quake they relied on exchanging their potatoes with people from other villages for
rice, or if it was a good year, they were able to sell one kilogram of potatoes for
seventy rupees. Since the earthquake, fewer people had been coming to buy or
exchange potatoes, and this was the cause of a lot of difficulty and stress for the
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women in the study and their families. The women stated that the price for one
kilogram of potatoes had dropped down to fifty rupees due to effects from the
earthquake.

Many women did not farm immediately after the earthquake due to their fear of
another earthquake. There came a point when they had to continue, though, because
farming was their livelihood and a main source of food for their families. Financial
instability was one of the greatest concerns for these women—especially since the
earthquake—and although there was not a huge economy in these villages, earning
more money would give these women the resources they need to build, among
other things, a new home.

Another post-earthquake challenge related to income was the remittance econ-
omy. A large number of the women in Squier’s study had daughters who were
working abroad in Dubai; most of them were housekeepers. With a lack of
opportunity and skill, there were no other options for many of these young women.
For some, it was preferable to be cooking and cleaning abroad and earning money
than to stay at home earning relatively no significant income. Cleaning and taking
care of another person’s home earned them more money than if they stayed in their
village and farmed. The options for women in these villages were extremely
limited.

2.6 Education

A lack of education contributes to gendered disaster vulnerability and greatly
reduces women’s opportunities in life. In Nepal, it is estimated that over half of
women are illiterate, a higher illiteracy rate than for Nepalese men (UNESCO
2016). Nearly every woman interviewed in Squier’s study had no formal education,
due largely in part to the fact that there were no schools nearby when they were
growing up. Some of the younger women, however, were still unable to go to
school due to financial reasons. One young mother had the opportunity to go to
school up until class ten, but then she failed one of her subjects and never thought to
re-enroll. For most of the women, though, education was an opportunity that was
not presented to them.

Another young mother of two daughters, ages two years old and eight months,
had only completed two grades of school when she was forced to drop out due to
financial reasons. She hoped to be able to send her children to school one day,
affording them the opportunity she was not given. Despite not having had an
education themselves, all of the women recognized the importance of education in
terms of jobs and other life opportunities. These women cared deeply about their
children and wanted to give them the best future possible.

For the majority of these women and even some of their children, going to
school was not a feasible option. Many wished for the opportunity to do something
more than farming but without the skill or financial means it was not possible,
which was the reality for the woman in Fig. 3. As a result, many of their children
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were following in their parents’ footsteps as farmers, doing construction work, or in
some cases, traveling abroad to do housework. Thus, in the disaster aftermath, the
women had fewer options because of their lack of education.

2.7 Health

In villages where the lack of healthcare is already of great concern in everyday life,
these concerns worsen when a disaster strikes. With no nearby hospitals in these
villages, this created problems for individuals who were injured in the earthquake.
Other health issues to consider are the emotional health of the women and the
potential risk of domestic violence.

Since a majority of the women were outside their homes farming in the fields
during the actual earthquake they were spared any serious injury. For those who
were injured it was a challenge getting medical attention. Roads were completely
blocked after the earthquake due to landslides. This made getting help for the
injured even more difficult. For those who were badly injured, a helicopter was able
to come and take them to a hospital in Kathmandu a few days later.

A devastating loss as a result of the earthquake occurred to a young woman who
was three months pregnant at the time. She was in her house when the earthquake
struck, crushing her and her unborn child. She was able to get helicoptered out and
she survived, but tragically, her baby did not. After the research interview, she
shared photographs of her wedding, which took place just a few years earlier at the
nearby monastery. One year after the earthquake life was far from normal, but she

Fig. 3 Standing in the kitchen of her new home, a woman wishes she could get an education and
find a job that would bring in more income than farming
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had her family, a roof over her head, and was six months pregnant. Pregnant
women are one of the most vulnerable populations after a disaster and require even
more attention in these emergency situations (Norlha 2015). Some villages have
female community health volunteers, who are able to help care for and save the
lives of women, newborn babies, and children, such as the mother and her infant in
Fig. 4.

Finally, it is important to consider psychological health, as women in Nepal
expressed being under a great deal of stress and worry. Additionally, it has been
found that women may face the risk to domestic violence in disaster aftermaths, by
strangers or by male partners (Fothergill 2004). Nepal has a great deal of
gender-based violence, such as women beaten by their husbands, despite the efforts
of many women’s rights organizations, because it is seen as a private family matter
and has fairly wide social approval.

Fig. 4 A young mother in
one village cradles her
three-month-old baby
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3 Children’s Experiences

Globally, children and youth are often vulnerable in disaster situations. In Nepal,
children make up 40% of the country’s total population and in the April 25, 2015
earthquake and the May 12, 2015 aftershock in Nepal, 1.1 million children were
affected. Approximately 3000 children were killed and thousands of children were
injured (UNICEF 2016). Of those killed, 2000 were under ten years old (Petricic
2016). Children’s homes, schools, and health clinics were damaged or destroyed
completely. An estimated 3.2 million children were displaced because of the dis-
aster (Save the Children 2016). Children and youth were also affected by the
restrictions of the movement of supplies in Nepal. In this section we examine
several aspects of children’s lives: families and family separation; education and
schools; housing and neighborhoods; health and wellbeing; and risk of exploitation.

3.1 Family

One of the most serious issues for children in a disaster is being separated from
parents, guardians, or others who provide care for them (Fothergill and Peek 2015).
In Nepal, this was a concern after the earthquake. National child welfare authorities,
along with UNICEF and other agencies, worked to prevent family separation. When
possible, they avoided placing children in orphanages and helped to reunite children
with their families. There were fears that children might be adopted improperly
across Nepal’s borders after the earthquakes. This has been documented in other
disasters, as children are adopted by people outside the country hastily and without
following proper procedures, such in as in Haiti after the earthquake in 2010
(Dambach and Baglietto 2010). Because of these concerns, the Nepalese govern-
ment stopped children adoptions for three months after the earthquake.

Families faced increased workload after a disaster. As we mentioned earlier,
women faced an overwhelming amount of work as they prepared food, farmed,
cared for children, and tried to maintain family life in temporary housing. It was
found that children and youth also had increased work after the disaster in Nepal,
such as collecting water, performing household chores, and working in manual
labor (Fievet et al. 2016). This additional family-based work for children meant that
they often missed schooling.

3.2 Education and Schooling

Children and youth need schools that are safe in disasters, and in the disaster
aftermath, they need to be able to have educational continuity so they do not lose
valuable time in the classroom. In Nepal, many children were at risk in their
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schools, especially in the aftershock, and many of them had a loss of schooling in
the year after the disaster, such as these children (Fig. 5). Research prior to the
earthquake found the majority of the 644 schools in the Kathmandu Valley in Nepal
needed retrofitting to meet safety standards and none of the schools had emergency
response plans (Shaw and Kobayashi 2001).

Schools in Nepal were hit hard, with 35,000 classrooms destroyed or damaged
(UNICEF 2016). More than 7000 schools needed to be rebuilt (Save the Children
2016). In some locations in Nepal, children had been taught to get under their desks
during an earthquake. As the earthquake happened on a Saturday, children were not
in school and many were outside their homes. Feeling the earthquake, some chil-
dren ran into their schools since they had learned that the safest place to be was
under their desks. Some children were hurt or killed because they took this action.
This illustrates that children can learn how to react to disasters and also the need to
make sure the curriculum on disaster actions is thorough and context-specific. For
example, in this case, children needed to be taught that if you in your classroom,
then take cover under a desk or table, but if are outside, that is the safest place to be
and they should stay there. In the major aftershock earthquake in May, schools were
in session and many children were injured or killed in their schools; thus, because
of the timing, the aftershock was actually worse in some ways than the original
earthquake.

According to Save the Children (2016), education in Nepal “came to a standstill”
after the April earthquake. Many children lost out on valuable educational time. In
disaster affected areas, many children went back to school on May 31, 2015 in
temporary schools. Even though children returned to school, many were there less

Fig. 5 Children in Nepal, such as these in one village in Helambu, faced the risk of education
discontinuity in the disaster aftermath
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frequently in 2016 because of their increased workload at home (Fievet et al. 2016).
Getting back into the school setting and the regular routine of the school day is
often a central part of children’s recovery. It is important that children not miss
much of their education and get back on track as quickly as possible. Children also
need the support and care of their teachers to help deal with the emotional distress
(Fothergill and Peek 2015). In Nepal, thousands of teachers were trained to give
psychosocial support to children (UNICEF 2015; Save the Children 2016).

A year after the disaster many children were attending school in temporary
learning centers and no permanent schools had been built yet (UNICEF 2016).
Many structural assessments were done of the schools in affected districts. Many
children, a year later, studied in unsafe structures. Around the globe, there has been
documented evidence of school structures not being built well enough to withstand
earthquakes. This is a problem that extends beyond Nepal. In China, for example,
many schools collapsed in the Great Sichuan Earthquake in 2008 due to unsound
building construction.

3.3 Housing and Neighborhoods

Studies on children and disaster find that housing is key to their safety during a
disaster and a critical part of their recovery. Hundreds of children lost their housing
in the earthquake in Nepal. One year after the earthquake, many children and their
families were sleeping in temporary, makeshift housing, sometimes near their old
homes. Many others lived in structures that leaked when it rained or were cold in
winter and at times, winds blew off their temporary tin roofs.

One study that examined almost 700 children in the most severely
earthquake-affected districts in Nepal found that for children and youth in tempo-
rary housing a year later, they had no space and no privacy, and this was a particular
problem for girls during menstruation (Fievet et al. 2016). Many children did not
have enough space at home to do their schoolwork. Children expressed that they
had concerns about safety and comfort as it was so crowded and uncomfortable at
night in their temporary housing.

In addition to examining children’s own homes, it is also important to evaluate
children and youth’s neighborhoods, villages, and larger communities. Children
need to be in safe surroundings, both in buildings and outside (see Fig. 6). Research
has found that children often lose places to play in disasters, as parks or natural
areas are destroyed. Children need safe and healthy neighborhoods and places for
recreation after a disaster, but that is often low on the list of priorities when a
community is recovering. On a positive note, it was found that children and youth
earthquake survivors in Nepal were active volunteers helping others in the com-
munity after the earthquake (Devkota et al. 2016).
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3.4 Health and Wellbeing

It is critical to examine children and youth’s health and wellbeing, both physical
and emotional, in a disaster situation. Children are particularly vulnerable to the
impacts of disasters and climate instability. They are more vulnerable to heat and
other exposures, and are more likely to contract diseases in disasters and more
likely to die in disasters. Children and youth can suffer emotional distress after a
disaster, especially if they suffer large losses, such as the death of a family member,
or they are exposed to the intensity of the event and its aftermath. Children and
youth also may not reveal to adults the full extent of their emotional distress so as
not to further burden them (Fothergill and Peek 2015). In Nepal, there is evidence
that children faced both physical and emotional challenges in the disaster aftermath.

In Nepal, the earthquake destroyed many water supply systems, so basic water,
hygiene, and sanitation was compromised; all are needed to keep children and their
families healthy and free from cholera and diarrhea. It was found that there was a
lack of toilets in schools, and children were suffering from diarrhea and respiratory
problems, and had trouble accessing the medicines that they needed (Fievet et al.
2016). Children were vulnerable to malnutrition and disease in the months after the

Fig. 6 Children playing
outside near Kathmandu a
year after earthquake
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earthquake and at risk to extreme cold in the winter following the earthquake. To
prevent polio, there was a nationwide polio immunization campaign to 3.6 million
children who were under the age of five at the time (UNICEF 2016). The nutrition
of children after the earthquake was a huge concern. Many children and their
families were not receiving adequate nutrition before the earthquake hit. According
to UNICEF (2016), four out of ten children in Nepal suffered from chronic mal-
nutrition. It was found that after the disaster there was a reduction in the number of
meals that children regularly consumed (Fievet et al. 2016). A year after the
earthquakes, many health clinics were being run in tents (UNICEF 2016). When
winter arrived, women and children suffered through cold weather and a lack of
warm clothing and blankets. Children are more at risk of winter-related illnesses.
Often, children with pre-existing illnesses or disabilities are at greatest risk for poor
health outcomes, so future assessments in Nepal should be mindful of those chil-
dren and their needs.

Children are also vulnerable to emotional impacts in disasters. In Nepal, many
children experienced anxiety and fear, and some felt traumatized (UNICEF 2016).
They had feelings of insecurity, had trouble sleeping because they feared another
earthquake would occur, and they had overreactions to loud noises. Many dealt
with grief and sadness over the death of family and friends. Many had trouble
concentrating in schools and worried about passing their exams (Fievet et al. 2016).
Some teachers were trained in a curriculum that helped children express their
feelings through drawing (Save the Children 2016).

3.5 Exploitation and Abuse

Children and youth may be exploited or abused by others in a disaster aftermath.
The exploitation may include children being the victims of physical or sexual
abuse, placed involuntarily into dangerous working conditions, sold as domestic
slaves or prostitutes, or forced into child marriages. Children are also at risk to
violence within their families or communities.

In Nepal trafficking was a problem before the earthquake. The risk of trafficking
is severe, especially for girls, in disaster aftermaths. Because families with few
resources suffer greatly in disasters, they and their families are great risk to
exploitation. In Nepal, there were concerns that poor families would place their
children in situations where they would have to do difficult labor or enter into the
sex industry. According the one report, three months after the earthquakes at least
245 children had been intercepted from traffickers, and that was just the “tip of a
growing iceberg” (UNICEF 2015). Indeed, UNICEF stated trafficking was the
biggest threat to Nepal’s children in the disaster aftermath; they found that girls
were taken into prostitution or sold as domestic slaves, and boys were taken into
forced labor. Because of the dire living conditions and the dismal futures, parents
were convinced by traffickers that their children would be better off if they let them
go. Traffickers promised their children would get an education, food, and have a
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better future than if they stayed in their villages (UNICEF 2015). The Nepalese
police force established an anti-trafficking network to deal with this problem, and
they reported that they intercepted 1851 people (women, men, children) from
trafficking.

When children in one study were asked about their concerns after the earth-
quake, most talked about the increased risk of abuse and exploitation. Girls espe-
cially spoke of worries about these issues (Fievet et al. 2016). In one village a
17-year-old girl was raped by a man from another village after the earthquake; the
community pressured her to marry him when it was discovered that she was
pregnant (Petricic 2016). Within families and communities, children reported see-
ing adults yell at or beat children, and they saw drunk adults fighting. Boys were at
risk to migrating for work and engaging in hazardous labor. Many young boys
worked in the brickworks, loading and unloading bricks, for low wages (Petricic
2016). Girls were vulnerable to trafficking, sexual violence, and child, early, and
forced marriages. Because of the sexual violence and assault targeted to girls and
women in disaster and conflict situations, parents sometimes decided that early
marriage was a safer option for their daughters. Children who were orphaned in the
earthquakes were especially at risk to violence and abuse as they were on the streets
or staying in unsafe shelters. Additionally, there was a weak child protection system
at the community level in Nepal (Fievet et al. 2016), and that must be strengthened.

4 Conclusion

The experiences of vulnerable groups in any disaster are deserving of attention and
research. With careful documentation of the challenges and ongoing hardships,
steps can be made to reduce suffering. At the same time that many people are
vulnerable in disasters, they also demonstrate enormous resilience, perseverance,
and capabilities. Let us briefly discuss both the vulnerability and the capacities of
women and children in Nepal in the 2015 earthquakes.

It is clear from the data gathered that large numbers of women, youth, and
children in Nepal suffered losses in the earthquake and struggled with recovery and
reconstruction. Large numbers died, were injured, lost loved ones, and were trau-
matized. Women’s labor responsibilities increased to an almost impossible level.
Children lost valuable educational instruction, and continued to miss school time
for an extended period of time because of increased chores, such as the collection of
safe water. They had trouble concentrating in school, and sometimes missed school,
because of issues with health, food, water, and hygiene/menstruation. Many women
and children lived in unsafe and unhealthy housing and many lost valuable and
meaningful possessions. They were at increased risk to family violence, sexual
violence, and exploitation.

As has been seen in disasters globally, an individual’s social location—such as
their race, gender, access to resources, age, amount of power, income, education
level, community status—prior to a disaster often largely influences her or his
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ability to regain stability and wellbeing and have other positive outcomes in the
long run.

It is important to consider the environment before and after a disaster, to see how
children, women, and their families may experience cumulative vulnerability, or an
accumulation of risk, such as poverty, isolation, few educational opportunities, and
lack of sustainable work and income. A disaster crisis may happen on top of other
crises, such as an epidemic or the death of a family member. In Nepal, many
communities were struggling with poverty, a lack of educational opportunities, and
families separated by the realities of a remittance economy before the earthquakes,
so it was a truly a crisis on top of many other struggles.

Concurrently, women and children demonstrated incredible capabilities and
strengths, and provided assistance to others. In her study, Squier documented the
tremendous perseverance, hard work, and problem solving skills of the women in
Nepal villages. These women worked for their communities, all while maintaining
their homes, cooking, caring for children and elderly, and farming. They dealt with
the increased workload after the earthquake and found strategies to manage the
stress and worry of their homelessness. Many wanted to do work other than
farming, but had no other options, so they continued with the work. The first year
after the earthquake was a difficult year filled with more setbacks than positives, but
the women from Helambu demonstrated profound strength. The women in the
villages often helped each other, by assisting each other with farming, rebuilding
each other’s homes, and providing shelter to one another.

Children and youth also make significant contributions to their families and
communities and demonstrate enormous capacities, altruism, and a solid work ethic
in disaster situations and aftermaths. This has been documented in many disasters.
In Nepal, Squier observed children and youth helping to rebuild shelters in their
villages, and also helping with cooking and cleaning in their temporary shelters.
Children also assisted with work in the fields, fed buffaloes, and took on household
chores and watched younger siblings. In another instance after the disaster,
schoolchildren held the hands and comforted their classmates who lay injured on
stretchers on the ground awaiting medical help.

Fothergill observed numerous children, aged approximately seven to twelve
years old, helping adults move debris in one village hit hard by the earthquake.
These children pushed wheelbarrows full of bricks and other materials to help clear
roads and begin rebuilding, perhaps helping with their own homes or earning
money for their families. Many relief agencies found in their work that children and
youth stated that they would like more opportunities to be able to contribute to
disaster risk reduction and recovery efforts.

We would like to close with several recommendations. We believe that chil-
dren’s and women’s well-being needs to be a priority in disaster risk reduction,
disaster preparedness, and disaster recovery and that they should be part of the
processes. Children have reported that they are not consulted by decision makers
and humanitarian responders and would like to be. Children, youth, and women
should be consulted on their views and their voices should be listened to in pre-
paredness and recovery.
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We advocate for the use of a human rights perspective. The United Nations
Convention on the Rights of the Child states that children have the right to adequate
shelter, food, water, and education, and that they have to right to be protected from
abuse, exploitation, and are entitled to a safe environment. Furthermore, it stipulates
that adults—including policy makers and those determining budgets—should do
what is best for children. These rights need to be ensured in disasters. A top priority
should be safe homes and schools. School buildings need to be retrofitted and
should be earthquake resistant, and children should not be in classrooms until they
are determined to be absolutely safe. Schools should teach disaster education,
which will help create a prevention culture and earthquake resilient communities.

Finally, children and women should have access to safe housing, health clinics,
and adequate nutrition in a disaster. There should be support for the social services,
so that they can respond effectively to those affected by disasters. Finally, women
and children have capacities, skills, and knowledge that contribute to both disaster
risk reduction and disaster recovery for their families and their communities. These
should be acknowledged and supported, as they can lessen vulnerability, reduce
losses, and increase resilience for their families and communities.
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Emotional Care in Social Work

Ram Chandra Paudel

Abstract We normally do not care about our emotional and mental health con-
dition. There is less research on disaster impact on people’s life focusing on
emotional health. Many people hide their emotional stress, which can lead to dif-
ficult situations later on. Nepal has gone through a period of violent conflict where
many people were killed, abducted, displaced and jailed and loss their loved ones
and belongings. In addition, people were affected mentally and physically by the
devastating earthquakes in April and May 2015. Emotional health can be taken
cared in two ways: one in personal level and next in group or team level.
Psychological counseling, Peace Way workshops, Applied Improvisation are some
of the ways to overcome the mental stress.

Keywords Earthquake 2015 � Mental health � Emotional care
Social work

1 Introduction

Normally we go to the doctor when we have physical pain but, generally, we do not
see a social worker or a health professional when we feel emotional pain: guilt, loss,
loneliness. Many of us never think about practicing emotional hygiene—taking care
of our emotions, our minds, with the same diligence we take care of our bodies. We
sustain psychological injuries even more often than we do physical ones, injuries
like failure or rejection or loneliness. They can also get worse if we ignore them
and they can impact our lives in dramatic ways.
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2 The Context

Nepali people suffered from 10 years civil war, which damaged mental health
badly. Nepal has gone through a period of violent conflict where many people were
killed, abducted, displaced and jailed and loss their loved ones and belongings. In
addition, people were affected mentally and physically by the devastating earth-
quakes in April and May 2015. Before getting relief from the devastation, heavy
monsoon started in July. Much of the cracked landscape and infrastructure was
wiped out by heavy rain and flood.

At the end of the September, when the monsoon was over strike in flat land
Terai–boarder side to India started, followed by Indian border blockage. This led to
lack of fuel for vehicles and gas for cooking. Because of this and additional
shortage of food, medicines and vaccines, many people were suffering. Likewise,
books were not printed and children’s schools were closed for longer periods. The
blockade badly affected supplies of essential commodities, including construction
and raw materials needed to run local industries. This strongly obstructed
post-earthquake reconstruction. People were really in stuck! On the top of that,
discrimination is happening everywhere in Nepal, even in village and school, based
on gender, social status, caste, intelligence and disability.

Neither the United Nations convention nor the law are respected much within the
Nepali community. The lower castes people are routinely denied to access to wells,
festivals, religious sites etc. They face resistance to inter-caste marriages, refusal by
higher castes to accept water touched by them and many other forms of caste
discrimination (Amnesty International, Nepal Report 2013; Human Rights Watch
World Report 2015; Amnesty International 2014–15 report).

The Gender Inequality Index (GII) reflects gender-based inequalities in three
dimensions: reproductive health, empowerment and economic activity. Nepal has a
GII value of 0.485 (Nepal HDR report 2013) ranking it 102 out of 148 countries in
the 2012 index. In comparison, Afghanistan ranks 147 in this index. Across the
country, the gender-based violence is a serious barrier to the progress of the Nepali
women (Tracking Cases of Gender-Based Violence in Nepal, UNPFA 2013).
According to Nepal 2011 Demographic and Health Survey More than 2 in 10
women (22%) in Nepal have suffered from physical violence at some point since
age 15. The same survey states that 60% of the women have never told anyone
about the violence, and very few have sought help from any source. The violence
against women and harmful traditional practices are stoppers for promoting gender
equality and women’s empowerment.

In village and city schools there is a culture of discrimination towards children from
Dalit families, disabled children, and less endowed children. Many girls are not
allowed to attend school or finish their education. It is very common for women and
girls to work harder thanmen, often in physically demanding jobs. However, men and
women are not measured equally on their salaries, credit and work appreciation,
neither at domestic nor in theworking environment (NEPALLIVINGSTANDARDS
SURVEY 2010/11, Statistical Report, Vol.2).
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Human rights, women’s rights and children’s rights are often violated. Torture of
people in the hands of police is widespread (Amnesty International, Nepal Report
2013).Women are the victims of domestic violence (TrackingCases ofGender-Based
Violence in Nepal, UNPFA 2013) and children face abuse and violence both at home
and in schools (Violence Against Children in Nepal, UNICEF and CEVICT 2004) as
the culture of violence is still applied in educational system.

The human right situation in Nepal has not improved much since the
Comprehensive Peace Accord was signed, as the INSEC yearbook documents
(Human Rights Yearbook 2015, INSEC). Furthermore, there has been an increase
in the violence towards women. Most were victims of rape, domestic violence,
dowry violence or inhuman behavior on the allegation of practicing witchcraft.

There is a clear negative impact on general people, including children, from the
practices of the political parties. Schools are frequently closed by strikes (some-
times for more than a month), facilities are occupied for political gatherings, and
children are used on the events and acts.

According to the Human Development Index Report 2014, Nepal has a low
human development index and is among the poorest countries in the world, ranking
as number 145 of 187 countries. On the top of the poverty and discrimination
practices in Nepali society, the natural and cultural disaster has been happening one
after another. But, devastated earth quake 2015 has destroyed more physical
property, lives and effect highly at the psychological aspect of people. Nepali
people are very sad and angry at the same time. People are also traumatized and
need psychological, emotional and other healing support as a part of social work.

3 Coping the Situation

Anyone even educated from school and University in Nepal, most of the things she/
he learned, can’t be used in her/his work or in life in general. The teaching methods
in Nepal are based on rote learning from textbooks, with the aim of the students
being able to repeat the materials in the examination situation. Anyone grown up in
violent environment at home, school and workplace, has faced corporal punishment
in childhood. This situation has been affecting the way she/he thinks and sees the
world.

Hard times and extreme conflicts, however, can be turned through art of living
into a peaceful life. These conflicts can be great opportunities for development if we
could manage them well. When devastated earthquake happened, earthquake sur-
vivals are greatly united, showed solidarity and helped each other. It has helped
self-identity and social transformation. Through the different action, it is possible to
turn pains, humiliation, regrets, frustration and conflict to enthusiasm and devel-
opment. Non-profit and non-governmental organizations can play a vital role to
make it happen.
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An example:
CHILDREN-Nepal (CN) was founded in 1995 by a group of Nepali persons

who were also experiencing difficult situations as children. They were concerned
about the number of children living on the margins of society, out of reach from
existing social institutions. Some of the main factors contributing to the situation of
these children are:

• The inability of their family to provide basic needs such as food, clothing,
education, and health care.

• The inability of parents to provide emotional care, due to their own disadvan-
taged backgrounds

• Lack of access to social services

As a result, many of these children are exploited and exposed to physical and
mental abuse as well as crime.

CN facilitates processes that empower working children, youth and their families
to assume an active and decisive role in solving their own problems by strength-
ening their life skills, improving their confidence and utilizing their existing
capacity, which will result in the most effective long-term improvements of their
living conditions.

The major program and activities are shown in Table 1. Both are interconnected
and interdependent. In this way, the organization has a holistic approach of work. It
seeks resources within the person, family and community and integrate them to
solve the problem. CN believes that in order to achieve improvements in children’s
conditions, the family must be absolutely tied into the effort. These program
activities has been improving the life situation of the children and their families, as
a result they are also contributing to the society.

4 Emotional Care in Post-earthquake Times

Due to the earthquake the number of deaths was reported to 8856, number of
injuries was 22,309 and the number of houses destroyed was 602,257 where people
could no longer stay in these houses (Daily Mail 2016). Which has resulted in the
emotional health situation of these affected people.

As we observe that children below 5 years mostly innocent and could not rec-
ognize what happened actually, children between 6 and 18 are the children who
recognize the situation and are more aware of the situation and consequences.

As 35,000 classrooms destroyed and thousands of schools are cracked, nearly
one million children left with no school for many days (Daily Mail 2016). It was
tense situation for them how to cope with it. After few months there is a opportunity
to go to school study at temporary learning centre but was more risky for the
because of frequent aftershocks. Still, the schools are not rebuild completely and
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they do not have opportunity study and play. They have fear of unsuccessful and
worried about their future.

700,000 people pushed into poverty by the quake and 200,000 families who
lived in high-altitude temporary shelters through winter (Daily Mail 2016). The
earthquake has affected different socioeconomic sector of the country overall. The
catastrophic event destroyed houses and animal shelters, livestock, crops, seeds,
and food stores as well as social infrastructures such as schools, health centres,
banks, business centres, microenterprises, roads and trails. Therefore, the result is
much stressful and disturbing as it has severely affected health, threatened food
security, and disrupted production, employment, business, trade and services
(ICIMOD 2015; Ulak 2015)

Table 1 CN program and activities

Program Activities Purpose

Children and
youth Service

School inclusion for
children and youth

Many of the poorest children such as low caste, child
labors, abused and street children are able to study in
schools and colleges

Child/youth Self Help
Groups

Provides children/youth with the opportunity to learn
from each other and to become responsible for their
rights and duties

Career counseling for
youth

Provide career counseling for professional support to
choose profession, education or training related to
their interest and abilities

Vocational training
for youth

Provides support youth of skill training opportunities
and job placement

Capacity building
training workshops

Organize various training workshops, visit, art, music
for the empowerment of children and youth

Family
Service

Family counseling Resolving conflicts between family members,
teaching skills, and helping them to have access to
the services around them

Family organizations Organizing family Self-help Group to be united to
raise a stronger voice for their rights

Income generation Establishing cooperatives and helping families
through loans to run small scale business for their
income
Producing fair trade handicrafts selling to the market

Emotional health care
support

Helping children and families to link with health care
facilities around them

Community
Service

Fulbari Resource
Centre

Organizing training, workshop for children, youth,
parents, teachers in a holistic way

Alternative to
Violence Program

For promoting the peace in schools we have been
providing alternative to violence training for teachers
and children

Networking
and solidarity

Global community
connection

Networking at local, National and International levels
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The earthquake has created many social problems and caused psychological
trauma. Many people were compelled to live outside in tents and open sky for many
days to months including children and girls putting them in an especially vulnerable
position. There have been reports on trafficking of women and children. Hence, the
scenario leaded to mental and physical pressure, which had directly increased stress
levels and estimated to have long-term health impacts. Vulnerable groups such as
women, children, disabled, the elderly and ethnic minorities remain higher risks to
be excluded (ICIMOD 2015; Ulak 2015).

According to TPO Annual Report (2015), after the earthquake the most common
psychosocial and mental problems were related to difficulties with sleeping at night,
poor appetite, loss of self-esteem, feeling distressed, feeling less energetic, pes-
simism, hopelessness, wandering around aimlessly, and forgetfulness. It was found
that due to these problems, the people has difficulties in carrying out their
day-to-day activities, like praying, doing household chores, and taking care of
animals. Similarly, feeling insecure, difficulties in sleeping, dizziness, and constant
headache were some of the other impacts seen in the senior citizens. Family
disharmony, alcohol abuse, and poor economic status were identified as risk factors,
whereas community support, closeness with family members, and spending time
with other senior citizens were reported to be the protective factors.

As 956 hospitals and clinics damaged, people has less access to health facility.
According to an article published in Annapurna National Daily 2017, it is reported
that in earthquake affected areas, due to the mental tension and scarcity created from
the earthquake, people has changed eating habits which has resulted in Gastritis
problem.

The positive side of the earthquake is that people were helping each other
regardless of caste, class and reach and poor. Many cases all kinds of people
sharing tent to sleep, cooking food, eating together. It has raised awareness and
developed harmony and holistic view of human being-born, live and die! There was
positive forced created, that resulted political parties joined together to announce
new constitution of Nepal which has open up the development of Nepal.

5 Ways for Effective Emotional Health

There are different practices for effective emotional health care. Some of the
practices applied in Nepal are discussed below. Through these practices, people are
relieved and cared for improving their life situations and livelihood.

5.1 Peace Ways Workshops

Present skills that can enable individuals to build successful interpersonal interac-
tions, gain insights into themselves and find new and positive approaches to their
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lives. The response of participants are very positive—“life changing events”.
Harmony and a safer environment have been created. These skills are especially
helpful in the Nepali context where the schools often use physical punishment and
unequal treatment of the children (Paudel et al. 2011; AVP 2016).

Peace Ways workshops offer experiential workshops that empower people to
lead nonviolent lives through affirmation, respect, community building, cooperation
and trust (Paudel 2015).

The Peace Ways workshops use the shared experiences of participants, inter-
active exercises, games and role-plays to examine the ways in which we respond to
situations where injustice, disaster, prejudice, frustration and anger can lead to
aggressive behavior and violence or depression (Paudel et al. 2011).

Thus, these workshops can help individual to:

• manage strong feelings such as anger and fear
• deal more effectively with risk and danger
• build good relationships with other people
• communicate well in difficult situations
• recognize the skills you already have and learn new ones
• be true to yourself while respecting other people

Figure 1 shows the components of transforming power which is within us.
Practicing these components by respecting self, caring others, thinking before
reacting, looking for a non-violent path to solve the problem and expecting the best;
we will care our emotional health AVP (2016).

Fig. 1 Components of
transforming power
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5.2 Psychosocial Counseling

It is a set of interventions used to meet a person’s emotional, social, mental, and
spiritual needs which is very important for healthy development of all children and
critical for orphaned and vulnerable children. It provides clients with the necessary
tools for good health and positive development (UNICEF 2000).

Figure 2 shows that small intervention can bring a big changes of the life of the
victim.

5.3 Applied Improvisation

It provides opportunities for collaborating better, expressing themselves better,
being more self-sufficient, boosting spontaneity and all of its benefits: more
openness, creativity, fun and positivity in groups.

The Fig. 3 shows a summary of improvisation principles which are (Driel RV
2013):

1. Be present, connected and in the moment.
2. Experiment. Dare to make mistakes in order to make progress, Just do it.
3. Be open to others, allow yourself and your way of working to be changed,
4. Say YES to the New and to the Unexpected, build upon each other’s ideas,

make the other look good, and

Fig. 2 An example: psychosocial counseling
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5. Be bold, passionate and engaged.

5.4 Career Counseling

It provides professional support to youth and families to choose profession, edu-
cation or training related to their interest and abilities. The main objectives of career
counseling is to help youths to choose education/training, vocation or profession
based on their interest and aptitude. Engaging in career counseling, youth and
families will be capable to identify their interest and aptitude, set their life goal
according to their family and vocational situation and identify the alternative sit-
uation to tackle their difficulties while reaching their goal. Career counseling do not
provide advice and guidance, it empowers to find the career path of their life
(Career Counseling Facilitator’s Guide Manual 2014).

Fig. 3 Improvisation principles
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5.5 In Personal Level, Winch (2014) Recommend
to Practice the Following to Reboot Emotional Health
Care

“We are expected to just “get over” psychological wounds—when as anyone who’s
ever ruminated over rejection or agonized over a failure knows only too well,
emotional injuries can be just as crippling as physical ones. We need to learn how to
practice emotional first aid. Here are 7 ways to do so:

• Pay attention to emotional pain—recognize it when it happens and work to
treat it before it feels all-encompassing.

• Redirect our gut reaction when we fail.
We need learn to ignore the post-failure “gut” reaction of feeling helpless and
demoralized, and make a list of factors that we can control to try again. This
kind of exercise will reduce feelings of helplessness and improve our chances of
future success.

• Monitor and protect our self-esteem. When we feel like putting our self
down, take a moment to be compassionate to our self.
When we are feeling critical of our self, do the following exercise: imagine a
dear friend is feeling bad about him or herself for similar reasons and write an
email/letter expressing compassion and support. Then read the email/letter.
Those are the messages we should be giving our self.

• When negative thoughts are taking over, disrupt them with positive
distraction.
The best way to disrupt unhealthy rumination is to distract our self by engaging
in a task that requires concentration (for example, do a Sudoku, complete a
crossword, try to recall the names of the kids in our fifth grade class). Studies
show that even two minutes of distraction will reduce the urge to focus on the
negative unhealthily.

• Find meaning in loss.
The most important thing we can do to ease our pain and recover is to find
meaning in the loss and derive purpose from it. Think of what we might have
gained from the loss (for instance, “I lost my spouse but I’ve become much
closer to my kids”).

• Don’t let excessive guilt linger.
One of the best ways to resolve lingering guilt is to offer an effective apology.
Our apology should focus less on explaining why we did, what we did and more
on how our actions (or inactions) impacted the other person.

• Learn what treatments for emotional wounds work for us.
Pay attention to our self and learn how we, personally, deal with common
emotional wounds. For instance, do we shrug them off, get really upset but
recover quickly, get upset and recover slowly, squelch your feelings, or …? Use
this analysis to help ourself understand which emotional first aid treatments
work best for us in various situations. Get into the habit of taking note of our
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psychological health on a regular basis—and especially after a stressful, diffi-
cult, or emotionally painful situation.

6 Concluding Remarks

Emotional care is an untouched area in Nepalese context. There is less research on
disaster impact on people’s life focusing on emotional health. There are lots of
people who are the real victim of emotional stress at home, school, workplace and
society. We are less prepared to cope with it. So there is a real need of emotional
health care. Many people hide their emotional stress, which can lead to difficult
situations later on. So there is a real need of emotional health care and emotional
health care through social work.

Emotional heath can be taken cared in two ways; one in personal level and next
in group or team level. Practicing above mentioned ways for effective emotional
health effected persons can be healed gradually. Recognizing loneliness, frustration,
tension, anger, humiliation and greed and getting victory over them through regular
practice is a key to overcome emotional stress. Likewise, there is no need to have
large amount of money for real social service. The human sources of social services
are the considerations, through and his/her human potentialities. Recognizing these
and mobilizing them in the positive way can bring social changes.

A question arise on ‘Are all social workers conscious about all these social and
emotional problems?’ ‘Are they used to renouncing such habits and behavior in
their real life?’ A confident and self-dependent person can take up the challenges of
life and society and is able to face new challenges in course of life. If you change
yourself, others will be inspired from you.
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Earthquake and Earth Justice: Emergence
of the Environmental Justice Movement
and Its Relevance in Addressing
Unanticipated Events

Ananda M. Bhattarai

Abstract The earthquake that shook Nepal in 2015 was a colossal event that not only
destroyed human life, settlement and civilization in the Himalayan landscape but also
showed the limitation of human knowledge, experience and ingenuity. InOctober of the
sameyear,Nepal adopted a newconstitution that prioritized socio-economic rights. Can
unanticipated events such as the earthquake be examined from justice perspective, is the
principal concern of this note. It takes resonance from the environmental justice
movement and,with the help of environmental justice discourse developed in South
Asia, argues that the logic of environmental justice and earth justice can be strategically
used to mitigate the impact of colossal events such as the earthquake, global warming,
ozone depletion, climate change, or the collapse of theHimalayan system, etc., provided
they are actuated by real implementation on the ground.
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1 Introduction

The catastrophic 7.6 magnitude earthquake of April 25, 2015, followed by more
than 300 aftershocks greater than magnitude 4.0, caused over 8790 casualties and
22,300 injuries in Nepal. Life of eight million people (i.e., almost one-third of the
population of Nepal) has been impacted by the earthquake. Thirty-one of the
country’s 75 districts have been affected, out of which 14 were declared critically
affected. In the worst hit areas, entire settlements, including popular tourist desti-
nations were swept away by landslides and avalanches. From the expected 5%,
GDP growth dropped to 3.4% in 2014–15. An estimated 6.7 billion USD will
supposedly be required to build back the loss and damage of property and heritage
sites caused by the earthquake over a period of 5 years (NPC 2015).
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Despite colossal damage to their life, property and environment, the survivors of
the earthquake today are living a life of neglect. Their right to decent living is not
respected. Even though the bold framework of socio- economic rights, including the
right to a clean and healthy environment, health, food and social security, housing
and education offers some hope, the right of the victims to get compensation,
resettlement and rehabilitation is far from being realized. Against this backdrop,
therefore, the author attempts to make an inquiry on whether the Environmental
Justice Movement (henceforth EJM) that is in vogue in South Asia and elsewhere
can be employed in addressing unanticipated events, such as the earthquake, tsu-
namis, or other human induced events of colossal nature, and prevent or minimize
their impacts. Three basic questions come to the fore when one thinks about the
EJM: Was EJM a response to unanticipated events? Or was it just a response to
anticipated but neglected results because there was no voice to resist? Can envi-
ronmental justice measures coupled with policies, planning, and coping and
adaptive strategies prevent and minimize the impacts of unanticipated events? In
order to find answer to these questions the author first presents an anecdotal
understanding of EJM and evolving discourse in different countries, the issues
raised there-in and the principles and strategic tools evolved. He then examines the
contribution made by the movement to international and comparative law. In the
final part, the author tries to find relevance of the EJM and discourse in addressing
unanticipated nature and human induced events such as the earthquake.

2 Environmental Justice Movement
and Environmental Justice

The EJM emerged in the late 1970s and 80s as an up-shoot of social justice
movement in the US raising issues of social justice, equal protection, equity and an
end to institutional discriminations. The resistance of the people in Warren County,
North Carolina, to the spilling of oil and subsequent dumping of soil containing
polychlorinated biphenyl(PCBs) is epitomized as a watershed event for the onset of
the movement. Later the environmental justice advocates took up issues concerning
unfair sharing of environmental benefits and burdens. The racial minorities, the
low-income and impoverished groups especially the African Americans were at the
forefront of this movement One study estimates the composition of the people in the
surrounding of the dumping site as 69% non-white, 84% African Americans of this
20% of residents were people having incomes below the federal poverty level in
1982 (Environmental Justice 2016). The EJM also fought against ecological
destruction. Theories of environment, environmental justice, policies, laws, plan-
ning, governance, aesthetic relations, and sacredness of mother earth cover different
shades of the movement. The issuance of 17 Principles of Environmental Justice is
one major achievement of the movement. The delegates to the First National People
of Color Environmental Leadership Summit held on October 24–27, 1991, in
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Washington DC, drafted and adopted 17 principles of Environmental Justice
(Principles of Environmental Justice 1991). The Principles among others, extol
sacredness of mother earth, demand public policies based on mutual respect and
justice for all people free from bias and discrimination, and highlight the need to
clean up and rebuild societies in balance with nature, and educate people for
environmental cleanliness.

Even though environmental justice movement got prominence in the US, it is
understood in diverse form in many countries. For instance, discrimination and
marginalization of Romani people in different countries of Europe, issues such as
poverty and environment, health inequality and social exclusion, child labor in
cotton industry in the UK, the issue of climate change in France, emission of waste
from mining and mining accidents and other work related issues in South Africa,
citing of hazardous waste in Australia, substandard oil mining and toxic waste
dumping in Ecuador, infrastructure development issues such as construction of
33 km long Saemangeum sea wall or Incheon canal in South Korea are studied
from environmental justice perspectives(Environmental Justice 1980). Overtime,
the EJM got North-South dimension in matters such as dumping of hazardous
waste. One finds refrains of EJM in the law evolved to address the dumping of
hazardous waste where principles of prior informed consent, and the sovereign right
of each country (meaning developing countries as well) to ban the import of haz-
ardous waste is recognized (UNEP 2014).

The EJM at a more philosophical level is credited for popularizing terms such as
environmental racism, environmental equity and “environmental justice”. The US
Environmental Protection Agency defined environmental justice to connote “the
fair treatment and meaningful involvement of all people regardless of race, color,
national origin, or income with respect to the development, implementation, and
enforcement of environmental laws, regulations, and policies.” (UN EPA 2016).
A more comprehensive definition of environmental justice is given by Bunyan
Bryiant as follows:

Environmental justice … refers to those cultural norms and values, rules, regulations,
behaviors, policies and decisions to support sustainable communities, where people can
interact with confidence that their environment is safe, nurturing and productive.
Environmental justice is served when people can realize their highest potential, without
experiencing the “isms”. Environmental justice is supported by decent paying and safe jobs;
quality schools and recreations; decent housing and adequate health care, democratic
decision making and personal empowerment; communities free from violence, drugs, and
poverty. These are communities where both cultural and biological diversity are respected
and highly revered and where distributed justice prevails (Bryant, 1995).

As the low income and marginalized communities, due to poor housing con-
ditions or due to the lack of education and sanitations are exposed to nature and
human induced environmental hazards, desperate impact of pollution on them or
the mistreatment and neglect meted out to them is put to sharp focus in the EJM
discourse. Put briefly, equality is at the root of environmental justice and so it
proscribes inequality and unequal treatment in every manifestation and tries to
ensure fair treatment and same degree of protection. Transparency, accountability,
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greater public participation on decision making and improvement of quality of life
through capacity building is prioritized by the movement. The EJM rejects envi-
ronmental elitism, and focuses on fair and even handed enforcement of environ-
mental laws. Equity, justice and mutual respect is the basis of partnership. Cultural
integrity and fair access to resources are other important concerns of the movement.

From jurisprudential perspectives, environmental justice comprises three major
components. The first is the value aspect. Here, environmental justice is understood
as a value for bringing about social equilibrium, and environmental sanctity. The
sacredness of mother earth, the cultural and religious values of societies that
commemorate sacredness and other aesthetic variables comprise important com-
ponent of environmental justice. Secondly, environmental justice brings within its
sweep the distributive justice aspects in terms of fair distribution of environmental
benefits and burdens. This is achieved through the enforcement of public duties.
Laws recognizing substantive rights are thus crucial for promoting access to
environmental benefits and shouldering of environmental burdens. The third
component is the procedural justice that ensures access to review procedures
through representative suits. This is made possible by liberalizing the rules of
standi, and access to environmental information, and access to and participation in
decision making and benefit sharing.

3 EJM and International Law

A clear linkage between EJM and international environmental law may not be
always possible. But one finds the resonance of EJM in the continuous navigation
of human person towards the center of environmental discourse. This in operational
terms entails the propagation for equitable global partnership and cooperation,
eradication of poverty and improvement of the quality of life, reduction and
elimination of unsustainable patterns of production and consumption. Today,
notions such as compensation to victims of pollution, relocation and transfer of
activities and substances causing severe environmental degradation or harmful to
human health are proscribed. Issues such as environmental impact assessment and
internalization of environmental cost in project, capacity building and transfer of
technology, have found space in international environmental law. A host of prin-
ciples, such as the precautionary and polluter pays principle and principle of prior
informed consent, have evolved as foundational principles in the environmental
law. All of them have a bearing with the EJM.
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4 Evolution of the Right Approach to Environment

The interaction between the human rights and environmental protection movement
at the international level has facilitated the evolution of the “right approach to
environment”. That the protection of environment may work as a means to the end
of fulfilling human rights standards, and that legal protection of environment human
rights may be an effective means to achieving environmental protection (Anderson
1998) have been equally crucial for bringing the human person at the center of
environmental discourse. In advocating the human rights approach to environment,
basically three methods have been brought to the fore. First among them is the
mobilization of existing rights to achieve environmental ends. Second is the rein-
terpretation of existing rights to include environmental concerns. And third, is the
creation of new rights of an environmental character. Space will not permit this
author to elaborate on them but suffice here to say that all three approaches seem to
have been practiced by courts in South Asia.

5 Environmental Justice and South Asia: Approach,
Strategies and Principles

At the initial stage, courts in South Asia ingeniously interpreted right to a clean and
healthy environment as part of the right to a dignified life.1 A few procedural rights
such as the right to access to environmental information, and the right to participate
in decision making, the right to environmental impact assessment were also taken
up in the course. The courts questioned the arbitrariness of law and sought justness,
fairness and reasonableness in law. For enhancing access to justice, they liberalized
the principle of standi and highlighted on complementarities of fundamental rights
and the directive principles. The emphasis on organic interpretation of rights helped
them to look upon a clean environment as constitutive to the right to human dignity.
Thanks to the judicial activism, later the right to a clean and healthy environment
found a clear stipulation in some of the constitutions such as Maldives and Nepal
(Maldives constitution 2008 and Nepal Constitution 2015).

A proactive approach in environmental adjudication is a special characteristic of
the South Asian judiciaries. The courts have intervened in areas such as air, water,
noise pollution and other issues pertaining to health and environment. Similarly,

1In India Subhash Kumar vs. State. of Bihar- (1991) 1 SCC 598, in Nepal, Surya Sharma Dhungel
v Godavari Marble Industries, NKP 2052 (1995) Golden Jubilee Special Volume p 169; In
Pakistan, Shehla Zia v WAPDA, PLD 1994 SC 693 and Akbar Ali v State 1991 SCMR 2114; in
Bangladesh, Dr. MohiuddinFarooque and Another v Bangladesh and Others, 49 DLR(AD) 1 and
50 DLR(1998)84; Dr. MohiuddinFarooque and Others v Bangladesh and Others, 55 DLR(2003)
609, para 53 are noted cases where the courts extrapolated the right to life to include clean
environment.
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protection of natural resources such as the forests, underground water, and common
property resources has been the concern of the courts. A number of novel strategies
such as self-observation (Ratlam case, Dharahara case, Godavari case), constitution
of fact finding and expert committees and even committees for the implementation
of court orders have been adopted. The Courts have emphasized on education and
compensation. More recently, the issuance of continuing mandamus has found
space in South Asia in judicial handling environmental matters.

Another important aspect of judicial strategies adopted in South Asia is the
invocation of environmental principles. Almost all the environmental principles
such as the principle of sustainable development, the principle of intra-generational
and intergenerational equity, the principle of public trust, the precautionary prin-
ciple, polluter pays principle and the principle of absolute liability have been very
effectively used by different courts in South Asia in handling environmental mat-
ters. Besides, a number of principles such as principle of non-regression, the
principle of common but differentiated responsibility, the principle of regional
cooperation, and notion such as accounting and payment for ecosystem service are
discussed today in South Asia as candidate principles.

6 Environmental Justice and Earth Justice

At the first glance, both the terminologies seem synonymous. However, when one
digs deeper the minor contours begin to surface.

As one can see, the term “earth justice” is more holistic in orientation. It
acknowledges the natural process of change but attempts to offer sustainable
solution to problems created due to wrong policy choices. Broader issues such as
control of exploding population, introduction of sustainable land use policies,
reform of land tenure laws, and improvement of existing agricultural policies and
practices and improvement of decaying infrastructures are major concerns of earth
justice. Earth justice emphasizes on the conservation of biodiversity and sustainable
use of its components. It calls for safe habitat, safe land sites, open space, emer-
gency services, health and the likes. Distributive justice is a major component of
earth justice.

Disaster preparedness is a major agenda of earth justice. Disaster may be human
induced or nature induced. If it is human induced, then preventive and punitive and
rehabilitatory measures may come into play. However, if it is nature induced then
our hands may be tied to some extent. As matter of fact, disaster does not occur with
prior notice, nor does it target only the poor and down trodden. But like in envi-
ronment justice related cases, the impact of disaster on the poor and downtrodden is
more. As one can see in case of the earthquake in Nepal, human devastation would
not have reached such a colossal scale if there were no uncontrolled and rampant
interventions on fragile mountains or if there were no settlements on geologically
hazardous and slide prone zones, or if building codes were honestly implemented
while constructing houses in both rural and urban areas, or the judicial dictates on
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environmental conservation were honestly abided (Shrestha 2015). In cases where
no disaster preparedness exists, human misery aggravates. Earth justice therefore
emphasizes on preparedness to quickly respond, minimize the damage brought
about by disasters and calamities and also offers long term solutions. Recourse to
justice is made available at every stage from rescue to rehabilitation. Earth Justice
also emphasizes that good governance would reduce desperate impact and save
humanity from environmental injustice and disaster.

Apparently, the canvas of earth justice is much broader than environmental
justice. But then, the principles, strategies and approaches evolved by the courts
may be expanded to embrace the notion of earth justice. For instance, the judicial
decisions in South Asia have played a crucial role in enunciating principles, carving
rights on environment, evolving standards.2 It is a common knowledge that our
courts have questioned not only colored acquisition but also shunned the colored
exercise of power be it related to law making or their execution. The rigorous
conduct of environmental impact assessment and social impact assessment are
strategies to rationalize the exercise of power that may cause significant environ-
ment damage. Though not very encouraging at the moment, the EIA/SIA are
considered as important strategies for ensuring proper use of the natural capitals
such as land, water and forests. Where a development project is likely to cause
massive displacement of people, the courts have ordered for resettlement and
rehabilitation of the project affected persons. These exercises are relevant for pre-
venting or mitigating the impact of disaster and thus useful for earth justice. The
courts have also ordered for long term planning for the protection of natural capital
for the present as well as future generation. Of late, climate justice has emerged as
one crucial element relevant for earth justice, though the road is still mostly
unchartered.

7 Concluding Observations

The discussion began in the context of the earthquake that shook Nepal last year.
The country, its legal system and its institutions were not prepared for such an
unanticipated event. In the aftermath, the people in the legal sector began to connect
threads and look into the possibility of using existing legal tools and machineries in
addressing the effect of earthquake and mitigating their hardships. The adoption of a
progressive constitution in the same year, that not only recognized a host of rights,
but also called upon the state to take measures to prepare the country for such
disasters, gave sufficient pretext to look into and revamp the legal structure so as to

2For instance, amendments to incorporate the right to education and information in India and
Pakistan, Environment related rights in the Nepali and Bhutani Constitutions may be credited to
the role played by the judiciaries of respective countries. Similarly and enactment of environmental
Act and Rules in Nepal, the Forest Dwellers (recognition of Rights) Act 2006 and Right to Fair
Compensation and Transparency in Land Acquisition, Rehabilitation and Resettlement Act 2013.
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secure justice to the victims of earthquake. The examination of environmental
justice and possibility of its extension to earth justice was made in this context. The
discussion above made a quick review of EJM and earth justice, and examined their
inter-connection. By way of conclusion, it can be argued that the answer to three
basic questions may help one to identify the relevance of EJM to earth justice.
Firstly, was the EJM a movement to address unanticipated events; secondly, can the
EJM be used as foundational concept for earth justice; and finally, can earth justice
be strategically used to mitigate the impact of colossal events such as the earth-
quake, global warming, ozone depletion or climate change, or the collapse of the
Himalayan system, etc. The answer is an emphatic yes provided we work together
for the colossal events have their basis on the law of nature and it is often said that
in the Laws of Nature, there is no right nor wrong; there are no rewards nor
punishments; there are only consequences.

References

Bryant Bunyan (ed) (1995) Environmental Justice Issues. Island Press, Policies and Solutions, p 6
Environmental Justice (2016) https://en.wikipedia.org/wiki/Environmental_justice, Accessed 30

April 2016
Environmental Justice (1980) https://en.wikipedia.org/wiki/Environmental_justice, Accessed 30

April 2016
NPC (2015) Post Disaster Needs Assessment (PDNA), Nepal Earthquake 2015. National Planning

Commission, Government of Nepal, Kathmandu
Principles of Environmental Justice (1991) http://www.ejnet.org/ej/principles.html, Accessed 30

April 2016
UNEP (2014) Basel Convention on the Control of Trans-boundary Movements of Hazardous

Wastes and their Disposal, http://www.basel.int/portals/4/basel%20convention/docs/text/
baselconventiontext-e.pdf, Accessed 30 April 2016

UNEPA (2016) https://www.epa.gov/environmentaljustice, Accessed 30 April 2016
Anderson MR (1998) Human rights approaches to environmental protection: an overview. In:

Anderson MR (ed) Boyle AE. Clarendon Press, Human Rights Approaches to Environmental
Protection

Maldives constitution (2008) Art 23 “Right to a healthy and ecologically balanced environment”
and Nepal constitution (2015) Art 30 “Right to a clean and healthy environment”

Shrestha, K (2015) Key Note Speech at the Fourth South Asia Environmental Justice. Roundtable,
Kathmandu, Nov 28, 2015

The Constitution of Nepal (2015) The constitution was promulgated in 2015. It is published by
Govt. of Nepal, Kathmandu

292 A.M. Bhattarai

https://en.wikipedia.org/wiki/Environmental_justice
https://en.wikipedia.org/wiki/Environmental_justice
http://www.ejnet.org/ej/principles.html
http://www.basel.int/portals/4/basel%20convention/docs/text/baselconventiontext-e.pdf
http://www.basel.int/portals/4/basel%20convention/docs/text/baselconventiontext-e.pdf
https://www.epa.gov/environmentaljustice


Assessing Policies of Responding
to the Risk and Impacts of Earthquakes
from a Justice Perspective

Lukas H. Meyer and Harald Stelzer

Abstract The paper addresses two important issues in assessing policies of
responding to the risk of and the damages caused by earthquakes. First, the complex
uncertainties concerning the occurrence and impacts of earthquakes raise difficult
issues from the perspective of a philosophical theory of justice when assessing
policies to reduce the impact of possible earthquakes. We propose a particular
understanding of what justice requires, namely risk-averse weak sufficientarianism,
and show how this understanding can justify the reduction of the imposition of risks
of harms. Second, we address how one should respond to unavoided and
unavoidable damages caused by earthquakes. Here we suggest that we should view
such damages primarily as a reason for redistribution, and therefore as a matter of
distributive justice.

Keywords Sufficientarianism � Risk � Uncertainty � Justice
Earthquakes � Climate change

1 Adaptation to the Risks of Possible Earthquakes
from the Perspective of Sufficientarian Justice

In many regions of the world people live under the constant threat of earthquakes
that may severely impact their well-being and livelihood. Information about
potential catastrophic events refers in many cases to expert assumptions about the
risk for earthquakes above a certain magnitude for different regions. The term ‘risk’
is often used for potentially bad outcomes. In a more narrow understanding it refers
to probabilistic risk, i.e. potential bad outcomes to which we can assign a proba-
bility. However, it is often simply impossible to assign numeric values to either the
probability or the expected disvalue of an outcome. In such cases of (Knightian)
uncertainty we possess only partial or no probabilistic knowledge (Lempert 2002).
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This may however not be the most severe form of uncertainty. In situations of
ignorance we have no knowledge about all potential outcomes. All these forms of
uncertainty play an important role also in the context of earthquakes. Here we face
uncertainties of whether an earthquake will occur, and if so, when the earthquake
will occur, the exact location of the earthquake, its magnitude, its environmental
and socio-economic effects and the (distribution of the) resulting damages.

Apart from epistemic questions of how to establish reliable predictions of the
occurrence of severe earthquakes in certain regions, we also face problems of
assessing policies that aim to reduce the impact of such events on human well-being
should they occur. Especially non-probabilistic risk causes difficulties to
cost-benefit analysis (CBA), the main tool for policy-making. CBA relays on the
expected utility framework by assuming that a social planer chooses an optimal
policy to maximize the discounted stream of benefits and costs over long periods of
time. However, in situations of uncertainty it may become extremely difficult to
adequately apply such decision-making tools as we have no clear picture of the
consequences of different alternatives making it (almost) impossible to weigh their
costs and benefits (Ackerman et al. 2009; Füssel 2007; Lempert and Collins 2007).

Furthermore, if we are interested in human well-being not only possible internal
deficits of CBA in regard to uncertainty might be seen as problematic but also their
underlying utility assumption based on monetary values. Even if we had sufficient
information about the probability of different outcomes, this does not automatically
enable the attribution of monetary values to all benefits and burdens, including
human life, physical security, subsistence and health (Shue 1993). As pointed out
by Azar and Lindgren (2003), combining all damages in a monetary damage
function might conceal ethical dilemmas and difficult value judgments.

However, also more normative approaches focusing on human well-being seem
ill equipped to deal with the risks of harms since they do not differentiate between
actual harms and the imposition of risks of harms. Even though we know that
earthquakes imply severe risks for the basic well-being of people, we lack certainty
of what the consequences of our actions and policies today will be in the future. The
circumstance that we cannot say that we reduce harm on people living in the future,
but rather reduce the imposition of risks of harms on them leads to much discussed
questions in normative theory: How to determine the size of a risk of a harm? How
to make trade-offs between risks of harms, considerable costs and forgone benefits?
Can one say that the non-reduction of the imposition of risks harms future people,
and if yes, in what way (Zimmerman 2006)? Does the non-reduction of the risks of
harms constitute a rights violation (Thomson 1986; Finkelstein 2003; Perry 2007;
Steigleder 2016)?

Answers to these questions will depend on the normative theory employed. In the
following we will concentrate on intergenerational distributive justice by employing
a sufficientarian conception (Meyer 2003, 2009a, b; Page 2006, 2007). Such a
perspective can be based on the interpretation of possible harms as a set-back of
basic interests of future people. This understanding attributes to persons a prima facie
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claim1 against us that we do not perform intentional actions that constitute imposing
risks of harms on them by threatening the fulfillment of their basic interests
(Zimmerman 2006; Steigleder 2016) or do not undertake (adequate) measures to
reduce such risks of harms. It interprets non-reduction of the imposition of such
harms as rights violations according to the interest theory of rights (Raz 1986).

Sufficientarianism, as it is understood in the following, considers the protection
and realization of basic interests to be of utmost importance. Benefits to people
below a threshold have lexical (absolute) or very strong priority over benefits to
people above the threshold (Shiffrin 1999; Meyer 2003). The protection and real-
ization of the sufficientarian threshold is a matter of fulfilling requirements of
justice. Falling below the threshold implies the infringement or violation of basic
rights of persons. It can be assumed that from a sufficientarian perspective we
should avoid risks with respect to basic interests of well-being. Of two outcomes
with the same estimate in terms of well-being, it seems plausible to choose the one
that does not exhibit uncertainty or exhibits less uncertainty. Additionally, a
risk-averse interpretation of sufficientarianism is based on an asymmetry between
potential losses and potential gains with respect to the basic well-being of persons.
Potential losses weigh more heavily than potential gains. If more uncertainty means
that there is a larger probability of falling below the threshold, then more uncer-
tainty counts against a policy. This is so even if more uncertainty should also mean
that there is a larger chance of attaining better (or very good) outcomes.

Even though such a risk-averse sufficientarianism can rejoin a rights-based
approach with a consequentialist account, critics have pointed out several problems.
Among them the following four:

First, if we look at two policies with different levels of uncertainty and where
neither of the two policies extends below the sufficiency threshold, sufficientari-
anism as such does not justify risk-aversion. However, one can augment a suffi-
cientarian view by adding an argument for risk aversion above the threshold. Such
an argument would not reflect reasons of (sufficientarian) justice, but could be based
upon, e.g., the ethical reason that we should avoid risking to waste resources. This
reason might be among the general reasons for risk-aversion that are applicable
below and above threshold risks.

For the second and third problem, much depends on how strong the priority is
that we attribute to the violations of rights below the threshold. Here we consider
strong sufficientarianism that attributes lexical priority to the avoidance of below
threshold violations of rights. If the avoidance of rights violations below the
threshold is being attributed lexical priority, there would be no point in weighing
these violations against rights violations above the threshold. Lexical priority means
that at any time the avoidance of rights violations below the threshold is more
important than other claims; for this the number of people affected and the extent to

1That the claim is only prima facie means that it may not hold under all conditions as it could be
overruled or defeated by a more pressing claim or the need to impose certain risks as a precon-
dition for engaging in highly valuable activities.
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which their other rights or benefits could be realized is irrelevant. This has three
important consequences: (a) it prohibits weighing rights violations below the
threshold against rights violations or the set back of other interests above the
threshold; (b) if we assumed strict priority of rights violations below the threshold
then we would have to secure these rights of only one person or a small number of
people even if that required violating other rights of many people just above the
threshold; (c) according to this understanding, reducing the well-being of people
above the threshold for the sake of improving the position of people below the
threshold does not count unless such reductions would bring these people below
the threshold. However, the plausibility of attributing such strong priority to the
rights claims below the threshold depends on the proponent of the view being able
to provide a plausible substantive account of the special normative significance of
people not being violated in these rights. This, of course, is the fundamental
challenge to any notion of a normative threshold that has high priority and, in
particular, to a threshold that enjoys lexical priority.

Thirdly, a strong interpretation of a rights-based sufficientarianism that gives the
threshold lexical priority might be understood as categorically prohibiting the
pursuance of any policy that comes with any probability of causing people to fall
below the threshold or as prohibiting any policy that does not reduce to the fullest
possible extent the probability of causing people to fall below the threshold. Such
an interpretation of intergenerational justice by itself will not allow us to choose
among policies in the context of responding to earthquakes since, realistically
speaking, we have to assume that all policies that currently living people can pursue
imply such risks and maximizing the reduction of such risks would be very or
extremely expensive.

However, strong sufficentarianism can be understood in a more complex way
and in a way that addresses this issue: We start with the claim that we ought to
choose the policy with the least likelihood of causing people to fall below the
threshold. Two further issues then are: Do numbers count? And: does it matter how
far below the threshold? Both questions are plausibly answered positively on the
basis of a priority view below the threshold: Yes, numbers count and it matters how
bad people fare below the threshold. This more complex view can be stated in the
following way (combining strong sufficientarianism with a negative priority view).
The first two claims characterize strong sufficientarianism, the third and the fourth
claim characterize the negative priority view: First, the avoidance of the imposition
of the risk of rights violations in terms of people’s sufficiency rights (and thus the
risk of people falling below the threshold of sufficiency) has absolute or lexical
priority. Second, both below and above the threshold it matters more to benefit
persons the more persons are being benefited and the greater the benefits in
question. But, tradeoffs between persons above and below the threshold are pre-
cluded. Third, if we cannot avoid the imposition of the risk of violating people’s
rights as specified by the sufficientarian threshold, to avoid risking people’s suffi-
ciency rights matters more (a) the worse off the person would be, (b) the more
people are likely to be harmed and (c) the greater the weighted sum of rights
violations. Fourth, analogously above the threshold: to avoid risking the violation
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of people’s other rights or risking to harm their other claims matters more (a) the
worse off the person would be, (b) the more people are likely to be wronged and
(c) the greater the weighted sum of rights violations and harms caused.

Strong sufficientarianism can be criticized fourthly for not normatively distin-
guishing between the (non-reduction of the) imposition of risks of rights violations
and the certain violation of the same rights. Despite the fact that there are cases, in
which it is fully clear that imposing risks on others is impermissible, it often seems
permissible or non-avoidable to impose certain risks on others (or not to fully
reduce the imposition of risks), including sub-threshold risks. Giving the imposition
of risks of rights violation below the threshold lexical priority, prohibits any action
that comes with such risks (or does not fully reduce the imposition of such risks) if
we have the option of avoiding the imposition of such risks. If we have the option
of avoiding the imposition of such risks it is unclear how we should assess the
differing likelihoods or uncertainty of rights violations.

These criticisms of strong sufficientarianism suggest, first, that the legitimacy of
carrying out polices that do not reduce the imposition of risks of the violation of
basic rights to the fullest degree possible depends on weighing all interests/rights
both below and above the threshold that might be fulfilled or are under the threat of
being violated. Second, given that we can often minimize risks only at considerable
further costs, one needs to investigate how the imposition of larger risks of even
below threshold rights violations can be justified.

If lexical priority is not adequate for cases of risk imposition, we have to con-
sider more complex models for assigning an order of priority of certain rights.
Birnbacher distinguishes two such models for the case of weighing the protection of
actual claims (Birnbacher 2003): The first attributes fixed or relative weights to
certain rights in order to receive an order of priority. The second more complex
model also takes into account the extent, to which a right may be violated, if after
weighing up the importance of all rights, the protection of another right (or other
rights taken together) has priority in the case under consideration. This model
presupposes the possibility of compromise. Taking into account the dimension of
risk imposition, is likely to require an even more complex model of weighing rights.
In response we should consider weak sufficientarianism that is a position that gives
some, but not lexical priority to the risks of rights violations below the threshold.

The position of weak sufficientarianism can be described as follows and by
including most of the features of the revised version of strong sufficientarianisms as
delineated above:

• First, the avoidance of the imposition of the risk of rights violations in terms of
people’s sufficiency rights (and thus the risk of people falling below the
threshold of sufficiency) has some priority.

• Second, both below and above the threshold it matters more to benefit and to
avoid harm to persons (a) the more persons are being benefitted or suffer harm,
(b) the higher the likelihood of the benefits (or harms) being realized (suffered)
and (c) the greater the (benefits) harms in question. This means, that the
determination of the normative weight of a risk of a rights violation depends on
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basic criteria like the quality of the right and the quantity of the rights violation,
i.e. the number of people affected by the risk of a rights violation as well as the
number of rights that will possibly be violated. At the same time this also goes
for possible benefits. Both below and above the threshold it matters more to
benefit persons (a) the more persons are being benefited, (b) the higher the
likelihood of the benefits being realized and (c) the greater the benefits in
question. Such a position would allow for tradeoffs between persons above and
below the threshold as well as between harms and benefits. Still, we would be
able to assign special weight to risks of rights violations below the threshold.
That means, that even though tradeoffs are possible, they would only be allowed
in qualified situations and under consideration of the higher weight of risks of
rights violations below the threshold and the higher weight of harms in com-
parison to benefits.

• Third, if we cannot avoid the imposition of the risk of violating people’s rights
as specified by the sufficientarian threshold, to avoid risking people’s sufficiency
rights matters more the worse off the person would be, the more people are
likely to be wronged and the greater the weighted sum of rights violations.

• Fourth, above the threshold the avoidance of risking the violation of people’s
other rights or risking to harm their other claims matters more (a) the worse off
the person is would be, (b) the more people are likely to be wronged and (c) the
greater the weighted sum of rights violations and harms caused.

As the likelihood of a rights violation is an important part for such a position, we
have to deal with difficult questions for unkown probabilities. In cases of Knightian
uncertainty—where we cannot assign probabilities, probability ranges or levels of
confidence to certain outcomes—risk aversion as such does not allow us to choose
among options. In this context the question arises whether or not we have to equally
weigh unspecified risks of harms and risks whose probability is known.

2 Responding to Unavoided Damage from the Perspective
of Distributive Justice

Let us assume that risk-averse sufficientarianism allows us to assess policies of
reducing the risks of possible earthquakes and that for a certain region a policy has
been implemented that can be considered just. However, when an earthquake
occurs it is likely to cause damage. As stated above a risk-averse sufficientarianism
allows for people suffering damages that could have been avoided based on their
position above the threshold or due to the circumstance that the costs for measures
reducing the risk of these damages are considered to be too high. These damages
are legitimately unavoided damages. Other damages can be considered unavoid-
able. Given the state of adaptation technology and people’s options, in these cases
there is no adaptation measure available to prevent people to suffer from damages
caused by an earthquake above a certain magnitude.
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How should we consider these damages? We will suggest that rather than
regarding legitimately unavoided and unavoidable damages foremost as a reason
for compensation for wrongdoing we should view them primarily as a reason for
redistribution due to undeserved harms (Meyer and Roser 2010). One way to
distinguish between the basic idea of redistribution and compensation starts with
the premise that there is some baseline distribution of goods or well-being among
people that is just. On the one hand this baseline distribution can be determined by a
certain criterion, such as sufficientarianism or a more demanding understanding of
justice. On the other hand we have to consider changes to the distribution which
someone experiences as a result of his own responsible (and non-wrongful) choices,
e.g. in an exchange of goods under conditions of a fair market. Let us assume that,
before the earthquake occurred, the distribution of the relevant goods among the
people in the society can be considered just.

Owing to the consequences of the earthquake, people will experience changes of
their environmental or socio-economic circumstances and suffer from damages that
will change the distribution of the relevant goods. If these damages are legitimately
unavoided or unavoidable the reaction, the change calls for, is based on the idea of
evening out undeserved harms (and possibly relative benefits) which are due to bad
luck. This is a matter of (re-)distributive justice, not of compensation for
wrongdoing.

However, if the damages caused by the earthquake could and should have been
avoided we are facing a different situation. Here policies of reducing the risks of
possible earthquakes cannot be considered just from the perspective of risk averse
sufficientarianism. Rather, change to the distribution can be seen as the result of
people’s responsible wrongful choices, namely of having decided not to invest in
the reduction of the imposition of risks of rights violations in the amount required
by considerations of justice. In these cases the reaction, the change to the distri-
bution calls for, is based on the wrongfulness of what occurred and we are operating
in the realm of compensatory justice. The victims are owed compensation for their
losses and by those who did wrong.

Of course, it will often be contested and very difficult to determine whether
people acted wrongfully and by doing so contributed to the damages of an earth-
quake. People tend to disagree about how normatively to assess policies that aim at
reducing the impact of possible earthquakes. Also, poor people tend to be more
vulnerable to suffering from damages owing to changed circumstances caused by a
natural catastrophe. Often the distribution of welfare among people in society
before the earthquake is highly unequal; people tend to disagree about the causes of
the inequality and whether the distribution can be considered just. If the unequal
distribution is the result of other people’s wrongful actions this by itself would
justify claims to compensation and plausibly also additional claims to compensation
when poor people suffer special damages as the effect of an earthquake.

Far from being experts for the empirical side of these questions in general and
more specific for the situation of Nepal before and after the major earthquake in
2015, we see at least some factors that may provide claims for compensation. Nepal
seems to be governed by a (a) general poverty of the population, combined with an
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unequal distribution of wealth, (b) which is sustained by a low level of education,
that also has an impact on the lack of risk awareness towards potential impacts of
natural catastrophes (including earthquakes), (c) a highly complicated and inef-
fective administration, that has failed to take (adequate) precautionary measures to
the well-known high risk situation of potential catastrophic earthquakes in the
region, and (d) a high level of corruption often decreasing the already limited
resources for adaptation measures. From the perspective of justice these factors
could speak in favor for owing compensation to damages that could and should
have been avoided by those institutions responsible for the situation before the
earthquake. The political feasibility of the fulfillment of such claims can, however,
be questioned, due to the current political situation in the country.

Furthermore, as pointed out above, compensation (in the narrow sense of
wrongdoers paying something to the wronged persons on the grounds of the
injustice committed) is not the only kind of possible response to the damages
people, and especially poor people suffer as the result of an earthquake. Given that
many effects of an earthquake can be seen as undeserved harms, leveling off such
effects on the basis of a concern for distributive justice is a plausible response.
Whether, and if so, what principles of distributive justice apply at global level is a
matter of dispute (Meyer and Sanklecha 2016). However, if at least minimally
demanding principles do apply at global level—principles that attribute minimal
positive universal and general welfare claims to all people against all other people
—these cosmopolitan principles can also be applied to the distribution of duties to
pay for measures of helping those who happen to suffer from earthquake damages,
namely as a matter of, at least in part, bad luck.

Such an understanding would speak in favor of international aid for those who
have been severely harmed and/or left off under the level of sufficiency after the
earthquake in Nepal in 2015. Of course, whether aid provided by the international
community and NGOs will find its way to those in need, is a further empirical
question, for which we as philosophers do not claim expertise. Still, from the
perspective of risk-averse sufficientarianism it is important to point out, that even if
one holds parts of the political and administrative bodies responsible for avoidable
damages, compensatory claims must not take priority over redistributive claims
based on undeserved harms caused by legitimately unavoided and unavoidable
damages. Especially in situations of severe need there exists the danger that
responsibility is shifted from one side to the other, leaving the victims alone with
their faith and worse off as they could be if either side would (at least partially)
fulfill their duties based on compensatory as well as redistributive justice.

3 Conclusion

The paper addresses two central issues of a normative assessment of earthquakes
and their impacts. First, we investigate into how we should reflect the complex
uncertainties concerning the occurrence and impacts of earthquakes and of our
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normative assessment of policies to reduce the impact of possible earthquakes.
Second, we ask how we should respond to unavoided and unavoidable damages
caused by earthquakes.

One of the authors has argued elsewhere that sufficientarianism can be justified
for the assessment of future-oriented policies (Meyer 2003; Meyer 2009a). In these
previous publications it was also shown that a particular understanding of suffi-
cientarianism can be justified, namely an understanding that attributes lexical pri-
ority to a rights-based threshold.

For the reasons given above we find that, owing to the complex uncertainties
concerning the occurrence and impacts of earthquakes strong sufficientarianism is
not adequate in assessing policies to reduce the impact of possible earthquakes. We
propose to respond to these challenges on the basis of what we have called a
risk-averse weak sufficientarianism. We submit a complex interpretation of such a
view by suggesting that we should assess well-being both below and above the
threshold in terms of a version of the priority view and by identifying several
criteria for assessing the importance of the risks imposed. Such a view allows us to
weigh risks of rights violations below as well as above the threshold and against
each other as well as against possible benefits of an action or a policy, while at the
same time one can assign special weight to risks of rights violations below the
threshold. We think that such weighing is needed as the imposition of a risk will in
most cases not have the same weight as a harm that will result with certainty.

However, the assessment of the complex risk-averse sufficientarianism as sket-
ched in this paper will depend on having answered substantive questions. Among
them, a central question is what rights should determine the threshold of well-being
so that imposing the risk of violating these rights can be understood to be of
particular normative relevance and, indeed, how important reaching the threshold or
avoiding people falling below the threshold are. Also, while we identified criteria
for assessing risks (among them, likelihood, number of people affected, seriousness
of the harm and/or normative status of the rights violation) we have not attempted to
specify how one should go about assessing differing risks of rights violations,
setbacks of interests as well as not realizing benefits. A fully developed version of
weak sufficientarianism would have to make important assumptions of the relative
weight of interests/rights as well as risks of violating these rights, and would have
to argue for the plausibility of these assumptions. It would further have to balance
the different criteria for different cases.

Concerning the issue of how we should respond to unavoided and unavoidable
damages caused by earthquakes we argue that we should view them primarily as a
reason for redistribution due to undeserved harms and not as a reason for com-
pensation in the narrow sense of wrongdoers having to pay something to the
wronged persons on the grounds of the injustice committed. We do not exclude the
possibility of wrongful action concerning the fair reduction of the risks of possible
earthquakes and people’s special vulnerabilities. However, we suggest that many
effects of an earthquake can be seen as undeserved harms and that leveling off such
effects on the basis of a concern for distributive justice is a plausible response.
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Earthquake Preparedness Policy in Nepal

Volker Schneider and Antje Witting

Abstract Earthquake preparedness policy is described as a faltering policy process
in Nepal. By reconstructing a chain of policy events at the national and international
level, it is shown that relevant policy knowledge was already available by inter-
national networks in the early 1990s and was also used for national policy initia-
tives at that time. Effective building regulation, however, was introduced only late
and inconsistently. The sluggish and faltering policy process is essentially
explained by (1) a cultural and developmental context in which governments are
overloaded with clashing problems, displacing creeping policy issues; (2) endemic
policy discontinuity and inconsistency generated by political instability; (3) weak
infrastructural power in which public administration is unable to implement policy
choices on the ground; (4) rampant corruption, slowing down consistent policy
enforcement and compliance with building regulation.

Keywords Public policy � Actor constellations � Policy networks
Building regulation � Policy discontinuity � Infrastructural power
Governance � Political instability � Corruption

1 Introduction

Politics cannot prevent earthquakes and other natural disasters, but effective public
policy-making can improve the preparedness for such disasters and also their
consequences. For instance, political and administrative intervention can formulate
and implement infrastructural building programs and regulatory measures that
support earthquake-proof construction and the retrofitting of buildings, schools,
hospitals and other critical infrastructures. Also informative measures are of central
importance which train people and increase attention for this type of constant threat.
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If governments fail to cope with such challenges, earthquakes may have severe
“political aftershocks”. They can lead to social unrest, changes of government, and
even to the total collapse of political regimes. In this respect, earthquakes are of great
political relevance.As the Lisbon earthquake of 1755 showed, large scale disasters can
have extremely long-term effects on the political culture of societies. Nowadays such
effects can have global ramifications. An astounding chain of effects was produced by
the Fukushima earthquake in 2011. The earthquake triggered a tsunami, which then
caused a nuclear disaster. This created a global media wave that arrived in Germany as
a veritable “media tsunami” which strengthened the anti-nuclear movement in an
unprecedentedway. This resulted not only in a landslide victory of theGreen Party in a
Regional State in the South of Germany but also led to a complete turnaround in
Germany’s energy policy (Rinscheid 2015).

The present article does not deal with this kind of political consequences of earth-
quake disaster, but with the political capacities to be prepared for such kind of hazards,
particularly by political and administrative measures and institutions that strengthen
earthquake-related “Disaster Risk Reduction”. Our case study is focused on Nepal’s
“pre-earthquake preparedness” in the narrow sense, and thus excludes questions
regarding earthquake emergency response, disaster relief and reconstruction capacities
(Malla et al. 2015). It explores the synchronic and diachronic patterns of political
intervention to lower seismic risks after the 1988 earthquake. It traces the path from
pre-seismic events to policydevelopment and implementation.Our researchquestion is,
if and how the Nepalese society and its rather fragile political systemwere successful in
developing specialized institutional devices to dealwith the perception, anticipation and
mitigation of earthquake hazards. This includes not only government and administra-
tion—as the core of the state—but the whole network of actors and stakeholder that are
relevant for earthquake preparedness. This includes also a range of non-governmental
actors, scientists and media, which participate in awareness-building, information
exchange and knowledge pooling in this policy field. Our perspective thus goes beyond
a mere administrative focus. It analyses the overall actor constellation and multi-level
political processes that are involved in this policy process.

We outline Nepal’s policy profile in a diachronic and synchronic perspective. In
a first step we analyze the various policy events and actor involvements. In a second
step we try to identify the various flaws and impairments to a timely and effective
preparedness policy, before we draw some conclusions and discuss implications.

2 Earthquake Policy: Political Coping with Earthquake
Hazards

As mentioned above, this paper does not deal with earthquake impacts, but looks for
social, political and administrative capacities to anticipate the impact of earthquake
hazards. We assume that this performance is a function of essentially three
capacities: First, capacities of problem perception and agenda-setting. Second,
decision-making power and expertise for program formulation. Third, administra-
tive capacities of program implementation.
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The focus will be on pre-disaster precautionary measures. In public policy
research this means to study policy sequences in a diachronic perspective (1) when
and how the creeping problem of seismic risk was recognized, acknowledged and
defined as an urgent issue; (2) when and how the issue proceeded to the govern-
mental agenda and public programs where formulated; and (3) when and how the
programs and plans were implemented.

From a synchronous viewpoint, particular emphasis will be put on actor constel-
lations in which the various policies were formulated and implemented. In this respect
we apply a combination of perspectives in public policy analysis: (1) the policy
subsystem approach emphasizing a specialized actor set involved in political problem
solving, i.e. public policy-making in specific policy-sectors (Howlett and Ramesh
1995); (2) the policy network angle, emphasizing interrelatedness and the relational
dimension of policy-making (Kenis and Schneider 1991; Schneider 2015); (3) a
governance perspective of public policy, emphasizing an extended view of societal
process-processing including not only national governmental actors and their specific
political and administrative resources, but also non-governmental actors from civil
society and also from the international level (Mayntz 2003; Schneider 2012).

Earthquakes imply a specific policy problem profile. In most cases earthquakes
imply cascading effects, linking specific natural hazards to other disasters
(Kumasaki et al. 2016). Earthquakes are not limited to earth movements but also
trigger tsunamis, landslides, and lead to collapses of buildings and infrastructures
and, as the Fukushima disaster showed, even to the breakdown of total
techno-industrial complexes. Because of this network-like impact pattern, earth-
quake preparedness policy thus involves multiple policy sectors—including secu-
rity, communication, infrastructure, and even health policy.

In a temporal perspective, earthquakes imply a particular risk profile that com-
bines frequent light shocks with sporadic large-scale disasters. Also important is that
earthquake hazards increase with population density. In the case of Nepal, both
factors of risk are of particular importance. First, Nepal is located at the active
boundary between the Indo-Australian and the Eurasian plates. The subduction of
the Indian continental crust under the Eurasian continental crust not only led to the
formation of the largest mountain chain on Earth but also continuously triggers
seismic events of partly high magnitudes, such as the earthquakes in 1934, 1988 and
2015 (Pokhrel et al. 2009). Second, as one of the poorest countries in the world,
Nepal is characterized by a high population growth as well as a high rate of
urbanization. These are conditions that increase vulnerability and exposure to nat-
ural hazards (Liu et al. 2016). Today, an ever-growing part of the population lives in
the Kathmandu Valley. Figures 1 and 2 are illustrating the development of both risk
and vulnerability factors within the last two decades.

The diagram in Fig. 1 shows all earthquakes in the area of Nepal with a mag-
nitude of greater than 4.5 within the last 30 years. It is produced on the basis of
historical earthquake data (significant events, lists and maps by magnitude, year, and
location) provided by the U.S. Geological Survey (USGS 2017). Two of these
earthquakes have resulted in large numbers of lives lost at the time.

Figure 2 depicts the general increase of population (in percent) in the past
30 years and population growth in the largest city, i.e. Kathmandu. The data are

Earthquake Preparedness Policy in Nepal 305



provided by the World Bank Development Indicator dataset (The World Bank
2017). The overall population in Nepal increased by around 70%, while the pop-
ulation in Kathmandu by almost 400%. Not only the fast-growing population in this
geographic area, but also the agglomeration of economic activities increase earth-
quake risk, exposure and the vulnerability in a creeping manner, although the
earthquake hazard as such remains constant and unchanged (Schneider et al. 2013;
Liu et al. 2016).

Fig. 1 Earthquakes in Nepal (1985–2015). Earthquakes in a magnitude of greater than 4.5

Fig. 2 Population development in Nepal. Comparison of total population growth with population
increase in Kathmandu based on World Bank data (The World Bank 2017)
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In a preparedness policy perspective we have to ask, how this problem of
increasing risk has been perceived and processed by the relevant Nepalese political
institutions and policy subsystems. We want to know in which form the potentially
disastrous impacts had been anticipated, and when these problems were publicly
recognized and set on the governmental agenda. When and how does this lead to
the formulation and implementation of political and administrative programs?

These questions only can be answered by a historical reconstruction of the
various events and actors constellations that were related to this policy process.
Since the greatest damage to human life is caused by collapsing buildings in
earthquakes, we will particularly inquire, when and how specific regulation was
promoted, to anticipate hazards by earthquake-resistant construction. For this we
used press reports, governmental documents, and secondary literature to collect data
on policy events at different levels of action in different areas of society that have
shaped policy development in Nepal’s earthquake preparedness in the last 30 years.

Figure 3 depicts the major policy events and their interrelatedness between the
national and international level, and the governmental and non-governmental level.
Explanations of the abbreviations and references are given in the annex of this
article. The number of event relates to descriptions in Annex 1. At the top of the
figure the three most important earthquakes in this period are indicated. The policy
events at the lower levels include both policy measures such as laws, regulations
and programs of action as well as the creation of institutions, networks and forums

Fig. 3 Earthquake preparedness policy events at national and international level. Number of event
relates to description in Annex 1. Arrows indicate cross-level influence of events on other events,
emphasizing international policy diffusion
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of information exchange. The events are taking place in governmental and
non-governmental arenas.

From the perspective of the aforementioned policy cycle, it seems reasonable to
divide preparedness policy into three phases: (1) problem perception and
agenda-setting, (2) initiation and formulation of policy programs (in our case
mainly focused on the national building code), and (3) the implementation of the
various measures and regulations.

In the first phase, the development of policy corresponds to a well-known pattern
of international policy diffusion. In this logic public policies are initiated by actors
at the international level—such as the United Nations (UN) or European Union
(EU), or even non-governmental organizations—which then migrate into national
contexts (Stone 2004).

Initially, the policy issue was popularized by international academic circles and
fed into the UN system. The declaration of the 1990s as the “International Decade
for Natural Disaster Risk Reduction” by the General Assembly of the UN and the
establishment of offices and conferences on this track influenced the national level
in Nepal in a significant way. A supporting factor in this respect was the democratic
transformation of the political system at the beginning of the 1990s in the context of
the democratization wave, which at that time affected Eastern Europe and Asia, and
also the increasing international openness.

In cooperation with the UN and international NGOs, the Nepalese government
started to develop a national policy framework for Disaster Risk Reduction. The
Ministry of Housing and Physical Planning and the Ministry of Home Affairs and
the Department of Urban Development and Building Construction first raised the
issue in late 1991. The considerable number of casualties caused by the collapse of
public buildings in the 1988 earthquake is likely to have been a strong motivator for
the ministries to enforce and monitor the development and implementation of a
country-wide building code (Department of Urban Development and Building
Construction 1994, 2003).

With the technical assistance of the United Nations Development Program
(UNDP) a three-year program entitled “Policy and Technical Support to the Urban
Sector” was established within the ministry. As part of this program, the “National
Building Code Development” project was launched in 1992 within the Department
of Urban Development and Building Construction. The project focused on seismic
hazard mapping and risk assessment, the preparation of a building code and the
development of alternative building materials and technologies. It sub-contracted a
number of international consultants, such as Beca Consultants from New Zealand,
Golder Associates from Canada and Urban Regional Research from the USA
(Department of Urban Development and Building Construction 1994, 2003). Ties
to international consultants and sponsors that have had experiences with managing
seismic hazards in the region were the nucleus of a network incorporating not only
governmental but also non-governmental actors at different levels, which later
became more and more important. The review of the policy framework suggests
that the strongest players on the non-governmental level were the National Society
for Earthquake Technology (NSET) and the UNDP as well as Oxfam and the Red
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Cross in Nepal. These independent observers sponsored or conducted studies that
promoted policy change, in particular after Nepal’s deep political crisis ending with
2006 Accord between the Civil War parties (see for example: National Society for
Earthquake Technology Nepal 2008; Nepal Red Cross Society and International
Federation of Red Cross and Red Cross Crescent Societies 2011; Oxfam 2015).

In order to understand the abilities and limitations of the various actors, we must
also take into account changes in the environment and institutional contexts. In this
respect, the transformation of the political regime was an important factor. A big
problem in Nepal’s democratization process was, as will be shown later on in more
detail, the change of the old aristocratic regime towards democracy. This created
not consolidation but rather instability. So it was astonishing that despite various
political crises, the beginning of a Civil War and several governmental changes, six
years later the Nepalese Government succeeded in passing the national Building
Act (#2055) in 1998. It specified the requirements for the regulation of building
construction in order to make buildings more earthquake resistant.

Because of the Civil War and other political instability, it took another 8 years
until implementation of the building regulation was put into practice. In 2007 and
2010, the activities were resumed. In cooperation with UNDP, the Ministry of
Home Affairs and the Department of Urban Development and Building launched
the Earthquake Risk Reduction and Recovery Preparedness program. After the
2006 Accord, the National Society for Earthquake Technology and the UNDP as
well as Oxfam and the Red Cross moved the issue back onto the public and political
agenda and finally to the administrative arena.

The 1998 Building Act together with the 2009 Building Regulation then pro-
vided a legal framework for earthquake resistant construction. This framework
authorized municipalities to implement the National Building Code, but did not
specify a particular organization that was authorized to follow up and monitor the
compliance. As such, no party was accountable or felt responsible. Despite the
National Building Code under the Building Act and the Nepal Standard (an
adaptation of various International Standards—i.e. British and Indian Standards)
being published in 1994 and updated and formally approved in 2003 (now
including 23 Volumes), only a small fraction of Nepal’s municipalities (a bit more
than 10%) had implemented it by 2015 [26 of 217] (Prasad 2015).

The implementation process was slow. The Earthquake Risk Reduction and
Recovery Program with UNDP support and as part of the Hyogo Framework for
Action (HFA) disseminated the National Building Code in five municipalities
between 2007 and 2010 and published a report in 2011 which stated: Mandatory
Rules of Thumb within the National Building Code (NBC 201–205) are in place to
guide owner-builders of small-builds (typically non-engineered construction) to
build earthquake and fire safe small-builds. This was a pragmatic answer to a lack
of resources to enforce the more comprehensive building regulations, but now in
some way hinders the code’s implementation. Another factor that impairs the
effective implementation is the provision included in the 1994 code to not only
comply with the building code but also the Nepal Standard or other approved
Standards (i.e. Indian Standard) that are not necessarily complementary. This
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situation has created legal uncertainty confusing those applying for building permits
and thus opting to find and exploit loopholes in the system. Civil servants on the
ground are lacking who can assist in preparing a permit, and follow up to ensure
that their advice is carried out. The prior situation has shown that the actors
struggled to implement the code not only at community but also at municipal level.
There is evidence that this centralized organization of the political system hinders
implementation in lower-ranking jurisdiction (Government of Nepal et al. 2009;
Government of Nepal 2015; Oxfam 2015).

In contrast, with the National Action Plan on Disaster Management in Nepal
(agreed in 1996) and its National Strategy for Disaster Risk Management (agreed in
2009) the Nepalese government has gone some way to comply with international
recommendations and given more emphasis to Disaster Risk Reduction (NSET
2008). The latter is designed to dovetail the Disaster Management Act (prepared in
2008 and coordinated by the Nepal Centre for Disaster Management with assistance
by Oxfam) and provides a broad framework for Disaster Risk Reduction man-
agement. It also provides a coherent model for district and local levels integrating
all disaster managements into single committees at each level. It appears to be
strongly supported by some district governments, which are already adopting its
disaster management strategies. The Ministry of Local Development and the
National Authority for Disaster Risk Management are responsible for providing
overall guidance and support to the above (Nepal Red Cross Society and
International Federation of Red Cross and Red Cross Crescent Societies 2011;
Oxfam 2015).

Another strong advocate for the implementation of the National Disaster
Management Strategy is the Nepal Risk Reduction Consortium established in this
context. It is an international body (incl. Asian Development Bank; UN’s Office for
the Coordination of Humanitarian Affairs and UNDP; World Bank etc.) cooperating
with the Government of Nepal. It is chaired by the Ministry of Home Affairs and is
grounded onto the UN’s (International Strategy for Disaster Reduction) Hyogo
Framework for Action (HFA) 2005–2015, an international program aiming at
increasing disaster preparedness, which was issued as a part of the World
Conference on Disaster Reduction in January 2005, in Kobe, Japan. In 2005 at the
second World Conference on Disaster Reduction in Hyogo, Japan, a national
delegation from Nepal took part and reported on disaster reduction policy and
particularly the implementation of the building code and other policy measures
(Nepal Red Cross Society and International Federation of Red Cross and Red Cross
Crescent Societies 2011; Ministry of Home Affairs 2015a).

By this conference, the HFA process was institutionalized which exerted
international pressure on national implementation processes. In this process, the
Ministry of Home Affairs reported periodically about its implementation activities.
The first national HFA progress report was submitted in 2009 and was remarkable
critical. It described a situation in which institutional commitment was attained, but
further achievements were neither comprehensive nor substantial. A serious
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problem was seen in the decentralized administration following the Local
Self-Governance Act (1999), which however was lacking a “systematic and assured
mechanism of resource allocation and distribution to the local authorities from the
central government” (Ministry of Home Affairs 2009). In this sense, also the HFA
reports in 2011 and 2015 pointed to major implementation gaps. Interestingly, the
2015 report was submitted few days before the Gorkha Earthquake. The earthquake
was a reality check, which unfortunately showed that Nepal’s Earthquake
Preparedness was insufficient (Ministry of Home Affairs 2011a, 2015a, b).

Following the earthquake in 2015, the government endorsed Fundamental
Construction Bylaws on Settlement Development, Urban Planning and Building
Construction, prepared by the Ministry of Federal Affairs and Local Development
in the same year. It is to state that the authorities would face legal action when they
approve designs or the construction of buildings owned by public entity and local
authority without adopting the existing building code. Besides, the municipalities
and the Village Development Committees (VDC) with more than 1000 households
are required to follow the code to allow new construction (as cited by Kathmandu
Post, November 11th, 2015). The revised legal framework now gives actors the
authority to enforce the building code under specific circumstances also beyond the
municipal level. As such, it has slightly improved its capacity to enforce the code
and thus control building activities at the VDC level.

To get a rough impression of the actor constellation that was involved in the
design and implementation of Nepal’s land use policies (here in particular the
National Building code) in the domain of earthquake preparedness, we conducted a
qualitative content analysis of English language newspapers in Nepal. Our research
focused on articles in the LexisNexis database selecting articles between 1980 and
2015 with the search operators “earthquake AND [prediction OR preparedness OR
building code OR retrofit OR land use) AND LAND (Nepal)]”. Manual coding
(involving two independent coders) followed the criteria: actors engaged in the
administrative planning; coordination; organization; monitoring (transparency,
accountability, stakeholder involvement, corruption) with regards to agreeing and
enforcing building codes/land use plans for housing developments/critical infras-
tructures. In the time frame from 2005 to March 2015 until the earthquake, we
found 212 articles of relevance and counted the mentioning of various actors.
Table 1 reports the results for the Top 10 of the most mentioned actors and also the
categorization of the various actor types (governmental and non-governmental;
local, national and international).

While it is no surprise that the Nepalese government is at the top, the prominent
position of NSET, a national nongovernmental actor is astonishing. International
organizations such as UNDP and the UN have been highly visible in the media.
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3 Flaws and Impairments in Preparedness Policy

Against the background of this policy development, we have to ask why these risks
and the need for preventive policies had been acknowledged so late. Why the
political system needed a full decade to enforce mandatory building regulations?
Why particularly the implementation of preparedness measures in towns and in the
countryside was faltering? In summary, we have to ask which were the major
impairments and complicating factors, which have weakened the capacity of Nepal
to effectively reduce the fatalities of earthquake by effective preparedness policies.

While there have been some factors that have fostered a preventive,
forward-looking and sustainable policy, such as the democratic and international
opening up of the political system and Nepalese society as a whole. It is interesting,
that Nepal’s membership in Intergovernmental Organizations grew from 22 in 1985
to 55 in 2015. However, there were also many events, processes and conditions,
which impeded an effective preparedness policy. In the following sections, we will
focus on four factors, which in our perspective have hindered or at least impaired
the formulation and, above all, the implementation of an effective earthquake
preparedness policy.

3.1 Over-Crowded by Social and Economic Problems
and a Whole Array of Natural Disasters

Despite all the criticism of bad government in the last 30 years, it is important to
remember that Nepal is not only one of the poorest countries in the world, but also a
country that is exposed—based on its geographic location—to far greater risk of
natural disasters than most of the other countries in the world. A network of
international organizations led by the EU Commission has compiled a global

Table 1 Prominent policy actors on earthquake preparedness policy mentioned in English
language newspapers in Nepal

Actors Type Mentions

Nepal Government GO 45

National Society for Earthquake Technology NGO 27

Department of Urban Development and Building Construction GO 15

Kathmandu Metropolitan City Office LGO 13

United Nations Development Program INGO 10

United Nations INGO 9

Municipalities LGO 9

USAID INGO 8

Ministry of Urban Development GO 5

Department of Education GO 4
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database of disaster risks. This database provides an index for risk management
classifying 191 countries in terms of risk, vulnerability and coping capacity. In this
ranking, Nepal ranks within the group of countries exposed to high and very high
risks and vulnerabilities (INFORM 2017). This category includes countries in the
Middle East, South Asia and a large part of Africa.

Much of the problems of Nepal are also linked to its social and economic
situation. UNDP ranks this country still in the lowest category of his most recent
Human Development Index (HDI) statistics, close to countries such as Pakistan and
Myanmar (UNDP 2015a). The poverty in Nepal results in a permanent lack of
sufficient resources. Such immediate economic pressures usually prevent long-term
and sustainable political planning.

A similar problem-displacing effect stems from the fact that earthquakes are not
the only natural hazards with which Nepal is struggling (Pokhrel et al. 2009). It
experiences frequent floods and landslides, particularly in the middle and western
regions. Continuous and frequent natural disasters displace or superimpose sporadic
disasters, even if the destructive potential of the sporadic disasters is much greater.
Figure 4 shows the multitude of disaster fatalities that Nepal experienced within the
last 30 years. Historical and recent data are provided by the Nepal’s Disaster Report
2015 (Ministry of Home Affairs 2015b).

3.2 Social Unrest and Instabilities of the Political System

For centuries Nepal has been culturally and politically linked to an absolute
monarchy as a traditional form of political power (Whelpton 2005). Political but
also ethnical and religious components are here connected in a highly complex way
(Bhandari 2014). Accelerated modernization in the second half of the twentieth

Fig. 4 Fatalities in Natural Disasters in Nepal 1985–2015. Historical and recent data are provided
by the Nepal’s Disaster Report 2015 (Ministry of Home Affairs 2015b)
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century and the democratization wave at its end—the Euro-Asian Spring—un-
leashed centrifugal forces that ultimately culminated in the Civil War between 1996
and 2006. The political violence peaked in 2001 with the assassination of the king
and nine other members of the royal family. Between 1996 and 2006 fractions of
the communist party initiated a rebellion against the government by exploiting
social grievances, economic deprivation, and political marginalization in rural
areas. The warfare lasted a decade, and a comprehensive peace accord was only
reached in 2006. In the following year the monarchy was abolished and Nepal
became a Federal Republic (Bhandari 2014). Figure 5 indicates these regime
transformations by dotted lines, based on the well-known POLITY IV data set
(Marshall and Gurr 2014).

These conflicts too were ultimately detrimental to sustainable policy, since they
absorbed the government to a large degree and impaired its action capacity. But it is
surprising that during this time particularly civil society organizations such as the
NSET succeeded, against all odds, to keep the issue of earthquake preparedness on
the political agenda.

However, political violence was not the only barrier for problem recognition, policy
formulation and consistent implementation. During this whole period, Nepal not only
faced two profound regime transformations, but also a vast number of governmental
changes. Particularly the fragmented party system made it extremely difficult to orga-
nize stablemajorities. If one takes the official changeof heads of governments as a proxy
variable, the average lifetime of a government in the last 30 years was a bit more than
one year. Figure 5 depicts these changes by a line chart on the basis of a list of prime
ministers and heads of governments published in Wikipedia (https://en.wikipedia.org/
wiki/List_of_Prime_Ministers_of_Nepal#References).

Frequent votes of no-confidence thus created low policy continuity (Hagen
2012: 90–91). New governments often set new priorities, and sometimes recog-
nized problems were even completely removed from the policy agenda, initiated

Fig. 5 Regime transformations and governmental changes. Line chart indicates cumulative
number of government changes between 1985 and 2015
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programs were suspended, and sometimes the laws passed by the old government
were not implemented. Due to many votes of no-confidence this was an endemic
problem in Nepal during the last decades. A consistent and sustainable processing
of policy problems was thus difficult in such an unstable political context.

Political instability thus absorbed the Nepalese government to a large degree,
and hindered efforts to address the issue of disaster preparedness in a consistent and
sustainable manner. This is crystallized particularly in the failure to implement the
National Strategy for Disaster Risk Reduction or ratify the Disaster Management
Act. The legislation that is currently in place is open to interpretation, with no
specific targets given. Also, it does not assign clear authority to specific actors,
making them accountable for failing to introduce the necessary policies.

In this context, the increasingly close embedding of Nepal in the network of
international organizations and stakeholders was an important force, which coun-
teracted the restraining national forces. As shown in Fig. 6, Nepal was particularly
involved in the process of political globalization during the 1990s, for which
membership relationships in intergovernmental organizations can be taken as an
indicator. Data for this relationships are collected from CIA world fact books from
1985 to 2015 (CIA 2015).

3.3 Civil Society and Societal Knowledge Infrastructure

Although with NSET, the Nepalese civil society possessed an important actor that
kept the preparedness policy issue on the political agenda, few other national civil
society actors could exert pressure on the government to drive effective Disaster

Fig. 6 The political globalization of Nepal. Development of Nepal’s memberships in intergov-
ernmental organizations
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Risk Reduction. National science, too, did not play the role that it usually occupies
in policy advocacy in highly developed countries. Scholars at the few autonomous
universities that exist in Nepal lack sufficient resources to fulfill such a brokerage
role between state and society (Bhatta 2012).

We must remember, however, that social and political liberty, particularly the
freedom of speech and press was severely restricted during many periods of the past
thirty years (Fig. 7). Prior to the 2006 the Freedom of Speech Publications Act of
1980 hindered the publication of materials with potential to undermine the interests
of sovereignty of the nation; the principles of the constitution or encourage, abet or
propagate party politics. Although the constitution at the time guaranteed freedom
of speech, in practice journalists treated a fine line to avoid imprisonment. Although
the Act was repealed in the context of the pro-democracy movement, social and
political struggles continued to undermine the raise and the credibility until today.
Given these circumstances, media outlets and independent journalists still failed to
implement the 1993 Working Journalist Act (revised in 2007) or the 2003 Nepal
Press Council and Federation of Nepalese Journalists’ Code of Conduct (revised
2008) (Gurung 2011). Ownership issues and self-censorship in light of continuous
harassment further undermined the credibility of the media system up until the 2015
earthquake. This weakened its role as an independent observer that can act as a
credible and trustful broker between state and society with regards to disaster risk
reduction planning and implementation. Journalists reported threats to well-being if
they publish stories on the criminal or misconduct of the politically or economically
powerful (Gurung 2011). The Federation of Nepalese Journalists’ monthly media
monitor shows that the administrative system repeatedly failed to address the sit-
uation and protect journalists appropriately. It is important to note in this context
that improvements have been observed in this context. An indication of the overall
improvement of the situation of journalistic reporting is Nepal’s position at the
global impunity index (GII). This indicator is compiled by the Committee on
Protect Journalists (CPJ) and measures unsolved journalist murders per 1 million
inhabitants. Between 2002 and 2011 a whole series of murders of journalists had
been registered in Nepal, so Nepal ranked relatively high at the index in 2012 (i.e. at
position 6 just below Colombia and above Afghanistan). However, in 2013 Nepal
has completely disappeared from this list and has never returned (Committee to
Protect Journalists 2012).

The changing development of civil liberties and freedom of speech in Nepal is
presented in Fig. 7 on the basis of the well-known Freedom House indicators
(Freedom House 2017). The US based Freedom House publishes an annual report
in which the current state of civil and political rights in most of the countries in the
world is rated on a scale from 1 (most free) to 7 (least free).

An even greater obstacle to the spread of information, however, has long been
the general socio-economic situation of the population. At the beginning of the 21st
century, only a small part of the population was literate and had access to mass
media. Only few could afford a daily newspaper let alone have access to a computer
or own a mobile phone. Important in this context is the gap between the urban and
rural population. Modern forms of communication were significantly less common
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in rural areas, in which—according to the last census in 2011—still four fifths of the
Nepalese households lived (see Table 2).

Poor transportation and ICT infrastructure made access to information for the
rural population more difficult. Here messages of public importance are still
transmitted via radio or still carried by traditional means (Gurung 2011). However,
a promising development is that the penetration of the country with mobile radio
has reached an approximate full supply in the last 10 years.

Fig. 7 Freedom and civil liberties. Nepal’s ranking in the Freedom House reports with regards to
civil and political rights. The scale ranges from 1 (most free) to 7 (least free) (Freedom House
2017)

Table 2 Nepal’s communication infrastructure in 2011 (CBS 2014)

Nepal total Urban Rural Nepal total Urban Rural

Million households In percent

Households 4.6 1.0 3.6 100 22 78

Households with means of communication

Radio 2.8 0.6 2.2 60 57 61

TV 2.0 0.6 1.3 43 64 37

Cable TV 1.0 0.6 0.5 23 57 14

PC 0.4 0.2 0.1 9 25 4

Internet 0.2 0.1 0.1 4 13 2

Telephone 0.4 0.2 0.2 9 24 5

Mobile Phone 3.5 0.9 2.6 76 89 73

Earthquake Preparedness Policy in Nepal 317



3.4 Weak Public Administration and Infrastructural
Implementation Power

In light of the 2015 earthquake, in which the majority of people was killed from
collapsing building, the implementation problems of the national building code are
a further impairment for effective policy-making. The current framework lacks
effective mechanisms to ensure the implementation of the code particularly in the
rural areas that are managed by VDCs. Due to this rural structure and based on the
Local Self-Governance Act (1999), Nepal’s public administration has a skewed
structure. The “infrastructural power of the state” (Mann 2008) in terms of sys-
tematic administrative penetration of the scattered territory is rather weak. In a
country where most of the population still lives in the countryside, the government
depends in policy implementation at the local level on the active monitoring and
support by the local administration.

The administrative penetration of rural areas by centrally administrated policies
is highly problematic. For instance, in the 2015 national progress report on the
implementation of the HFA it was reported that only one quarter of the Nepal’s
VDCs and municipalities had been reached with the Disaster Risk Reduction
program. While many district, local and national actors work effectively with
communities, the lack of legally mandated coordination limits the scope and
capacity of Community Based Disaster Risk Reduction Management projects and
challenges integration of Disaster Risk Reduction across all levels. At their best,
these projects work with local and district authorities closely, entrenching Disaster
Risk Reduction projects and committees into local government. The projects pro-
vide training and risk awareness, and build capacities for related sustainable
planning processes in the future. However, the lack of current electives at local level
(relying instead upon civil servants until local elections are held) and relative
geographical isolation can result in incoherence between Community Based
Disaster Risk Reduction Management and Disaster Risk Reduction at the national
level.

The lack of a Disaster Management Act, the challenges of political transition and
the on-going push to engage full community participation in Disaster Risk
Reduction, are all factors to overcome before reaching a sustainable approach to
Disaster Risk Reduction. The Disaster Management Act is hoped to address these
challenges by providing an implementation authority and coordinating mechanisms
at all levels. Though not yet decided, it is hoped that this act will establish inte-
grated multi-tasked and multi-skilled Disaster Risk Management Committees at the
district and local levels to further promote coherence, community engagement and
coordination. However, the current lack of legal mandated coordination across
national, district and local levels regarding Disaster Risk Reduction implementation
and policy still remains a challenge.

Administrative agencies and resources are concentrated in the center, i.e. the
Kathmandu area, and the distribution of resources from central government down to
local authorities is unbalanced and does not correspond to the growing tasks at the
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local level. Toni Hagen, a profound expert on Nepal, compares the situation there
with federal Switzerland and writes: “In Switzerland, the money of taxpayers flows,
on every level, mainly from the center to the periphery. In Nepal the flow of tax
money goes the other direction, namely from the periphery to the center” (Hagen
2012: 88). The skewness of the distribution becomes particularly clear when
comparing Nepal with other countries. Table 3 compares the sharing of govern-
mental revenue between different levels of government between a selected set of
countries. In Nepal the distribution is highly unbalanced, where 95% are concen-
trated on central government (Lamichhane 2012).

Although administrative weaknesses in Nepal undoubtedly also have cultural
causes (e.g. fatalism and Brahmanism), the main weakness undoubtedly lies—
particularly in the policy areas that are relevant in our case—in this unbalanced
sharing of resources between the center and the decentralized administrative units.
The organizational integration and financial equipment of Nepal’s public admin-
istration does not keep up with its political federalization. As decentralization at the
political level was difficult to achieve in a lengthy political process leading to the
new constitution (Lecours and Arban 2015), decentralization is even more chal-
lenging at the administrative level. The federalization envisaged by the new con-
stitution presupposes a whole background structure of functioning
political-administrative institutions, and is therefore, as Bhandari, rightly expres-
sed, “not a one-day job” (Bhandari 2014).

We can summarize that Nepal’s core problem was that its governance capacity
was declining over a long period. Multiple factors such as centralization of power
resources but also corruption, ethnical fragmentation, and bias towards urban
development undermined the effective formulation and implementation of collec-
tive decisions (Sharma 2012).

For several years, the World Bank has been trying to describe the development
of state control and regulation power by means of governance indicators
(Kaufmann et al. 2011). On the basis on these data (The World Bank 2016) Fig. 8
depicts the evolution of Nepal’s capacity of governance during the last three

Table 3 Revenue sharing among the levels of government in selected countries (Lamichhane
2012)

Countries Share of Central
Government in
percent

Share of
Provinces in
percent

Share of Local
Government in
percent

Total revenue
in percent of
GDP

Nepal
(2009)

95 – 5 12

India (1995) 64 33 3 15

Brazil
(2001)

58 26 16 24

Switzerland
(2009)

59 25 16 18

Germany
(2009)

70 22 8 26
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decades. The indicators show that quality declined since the 1990s and only slightly
improved during the past years.

An important dimension of governance capacity is accountability and the absence of
corruption. Interestingly, these were factors which in a larger comparative study were
identified to significantly explain effective earthquake prevention through building
regulation (Keefer et al. 2011).Even inmetropolitan areas,where binding rules could be
more easily observed and implemented than in rural settings, parts of the administration
are either incapable or corrupt to penalize even blatant architectural crimes. Three days
after the 2015 earthquake the newspaper Nepali Times told the story of a striking
example: A building in KMC-6 was called ‘Saat Talle’ because it was the only
seven-story house in the neighborhood. Its owner had obtained KMC approval to build
a five-story house. However, he added illegally two floors. When it collapsed on 25
April, this building alone killed 30 people. The central challenge for earthquake pre-
paredness in Nepal is therefore not so much the mobilization of sophisticated knowl-
edge and advanced technologies in the implementation of earthquake-proof
construction projects, but more in the effective administrative allocation of resources in
a highly decentralized context and a consistent implementation and enforcement of
existing basic rules. As could be observed in other contexts (Karki and Lu 2015),
government andpublic administrationmust not be a silent observer of violationsof rules
that can have lethal effects during the next earthquake.

4 Conclusion

In earthquakes, the greatest damage to human life is caused by collapsing buildings.
The most important strategy to anticipate such risks is effective regulation for
earthquake-resistant construction. The riddle to be solved in this analysis was the

Fig. 8 Quality of governance. The evolution of indicators of governance quality in Nepal based
on World Bank data (The World Bank 2016)
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faltering and sluggish process of formulation and enforcement of building rules. By
reconstructing the policy process, which included not only events at the national but
also the international level, we were able to show that relevant policy knowledge
by international networks was already available in the early 1990s, and also had
been used for policy initiation at the national level. Our research identified an
extensive network of state and non-state actors with access to science-based
knowledge necessary to inform policy formulation and implementation.

The faltering policy process is explained by several political and non-political
factors: in a cultural context, in which allegiance to a given fate is promoted
(fatalism), and in the developmental context of a poor country where government
is always under pressure by multiple clashing problems, rather slow-moving and
looming problem such as earthquake risks are displaced and repressed. Also
detrimental for effective policy-making where frequent governmental changes
contributing to low policy continuity and consistency.

A further important factor was the weak infrastructural power of Nepal’s gov-
ernment in a shattered landscape where it is particularly difficult to implement
policy choices on the ground. Although the new constitution provides for a federal
political order, administrative and fiscal federalization is only slightly developed.
The administrative resources were and are still highly concentrated on the political
center in Kathmandu. Local governments are still lacking legitimacy, authority and
finances. Last but not least, the still rampant corruption is a major problem for
effective and consistent policy enforcement.

Keeping people save from disaster has been a comparatively smaller topic on the
public agenda during the last years. Hopes are that in the wake of the 2015
earthquake, the ideas and objectives of the 2015 Sendai Framework for Disaster
Risk Reduction (2015–2013) about community involvement will now be imple-
mented much more vigorously (UNDP 2015b). Still, to guarantee better disaster
preparedness in the future, it will have no choice but to give the administrative units
that are designated for these functions, more institutional power, and financial
autonomy to ensure greater policy consistency and effectiveness.

Annex 1

List of Policy-Events Visualized in Fig. 3.

No. Abbr. of
policy-event

Explanation References

1 NGS Nepal Geological Society https://en.wikipedia.org/
wiki/Nepal_Geological_
Society

2 NCR Act Promulgation of Natural
Calamity (Relief) Act

Ministry of Home Affairs
(2011a)

(continued)
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(continued)

No. Abbr. of
policy-event

Explanation References

3 8th WCCE, San
Francisco

8th World Conference on
Earthquake Engineering

Shah et al. (1993)

4 SAARC South Asian Association for
Regional Cooperation

Dash (1996)

5 MoHA SDU Establishment of Special
Disaster Unit (SDU) in Ministry
of Home Affairs

Ministry of Home Affairs
(2011a)

6 UN IDNDR International Decade for Natural
Disaster Reduction (UN)

Aitsi-Selmi et al. (2015),
Tozier de la Poterie and
Baudoin (2015)

7 IDNR-NC Formation of IDNDR National
Committee; Formation of
NGS-IDNDR Council

Ministry of Home Affairs
(2011a)

8 IDNDR-Comm.
& Council

IDNDR-Committee and Council Ministry of Home Affairs
(2011a)

9 10th WCCE,
Madrid

8th World Conference on
Earthquake Engineering

Shah et al. (1993)

10 DPCT Establishment of Disaster
Prevention Technical Center
(DPTC) in Nepal

Ministry of Home Affairs
(2011a)

11 ECHO European Commission Office for
Humanitarian Aid

Versluys (2009)

12 WSSI 1st World Seismic Safety
Initiative in Bangkok

Shah et al. (1993)

13 NSET National Society for Earthquake
Technology

http://www.nset.org.np

14 DPNET Disaster Preparedness Network
Nepal

http://www.dpnet.org.np/

15 NNBC and
Action Plan
Formulation

Formulation of Nepal National
Building Code and National
Action Plan on Disaster
Management

Ministry of Home Affairs
(2011a)

16 WCDRR
Yokohama

World Conference on Disaster
Reduction, Yokohama, Japan

Aitsi-Selmi et al. (2015),
Tozier de la Poterie and
Baudoin (2015)

17 NAPDM
endorsement

National Action Plan on Disaster
Management endorsed by
government

Ministry of Home Affairs
(2011a)

18 NRCS DM Sect Disaster Management section
was setup at Nepal Red Cross
Society (NRCS)

Ministry of Home Affairs
(2011a)

19 DIPECHO ECHO’s Disaster Preparedness
Programme (DIPECO)

Hollis (2014)

(continued)
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(continued)

No. Abbr. of
policy-event

Explanation References

20 BA ad. By Parl. Building Act adopted by
Parliament

Ministry of Home Affairs
(2011a)

21 KVERMP Kathmandu Valley Earthquake
Risk Management Project
launched

Dixit et al. (2000)

22 ES Day, 1st. First Earthquake Safety Day
(ESD) celebrated

Ministry of Home Affairs
(2011a)

23 LSG Act Local Self Governance Act
promulgated

Ministry of Home Affairs
(2011a)

24 DIPECHO
Nepal

First DIPECHO project launched
in Nepal

Ministry of Home Affairs
(2011a), Harat et al. (2015)

25 Mandatory Impl.
NBC

GON decides mandatory
implementation of Building
Code

Ministry of Home Affairs
(2011a)

26 10th Plan The Tenth Plan (2002–2007),
providing overall strategic
framework for government
policy and planning

Ministry of Home Affairs
(2011a)

27 Nepal Report Nepal Report within Hyogo
Framework for Action

Disaster Management
Section, Ministry of Home
Affairs; Aitsi-Selmi et al.
(2015)

28 WCDRR Hyogo World Conference on Disaster
Reduction, Hyogo, Japan

Aitsi-Selmi et al. (2015),
Tozier de la Poterie and
Baudoin (2015)

29 AMCDR
Beijing

First Asian Ministerial
Conference on Disaster Risk
Reduction in Beijing, China

Aitsi-Selmi et al. (2015)

30 Global
Platform DR
Geneva

Global Platform for Disaster
Risk Reduction established in
Geneva, Switzerland

Ministry of Home Affairs
(2011a), Djalante (2012)

31 Nepal Platform
DRR

National Platform for Disaster
Risk Reduction (NPDRR)
established

Ministry of Home Affairs
(2011a)

32 HFA Progress
Report

Nepal Report within Hyogo
Framework for Action

Ministry of Home Affairs
(2011b), Aitsi-Selmi et al.
(2015)

33 NRRC Nepal Risk Reduction
Consortium Launched

Ministry of Home Affairs
(2011a)

34 NEOC National Emergency Operation
Center established at the national
level

Ministry of Home Affairs
(2011a)

(continued)
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(continued)

No. Abbr. of
policy-event

Explanation References

35 HFA Progress
Report

Nepal Report within Hyogo
Framework for Action

Ministry of Home Affairs
(2011b), Aitsi-Selmi et al.
(2015)

36 HFA Progress
Report

Nepal Report within Hyogo
Framework for Action

Ministry of Home Affairs
(2015a)

37 WCDRR Sendai World Conference on Disaster
Reduction, Sendai, Japan

Aisi-Selmi et al. (2015),
Tozier de la Poterie and
Baudoin (2015)
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