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FOREWORD

Earthquakes are known as one of the most perilous and lethal disaster in the world. As per
CRED /UNISDR data of 1998-2017, the number of disasters resulting from earthquakes
contributed only 8% of global disaster; however, number of death in such events is staggering
high (around 56% of the total death during the period). Earthquakes have a potential to
damage infrastructure and destroy the built environment beyond repair. The example of
earthquake and tsunami induced damages in Japan (2011) is still fresh in mind. This event
alone resulted in the loss of US$ 239 billion (UNDRR / Centre for Research on the
Epidemiology of Disasters, 2020). Such events underline the importance of incorporating
earthquake risk mitigation efforts in earthquake prone areas well in time.

About 58.6% of the total area of our country lies in the seismic zones II-V, while the rest cannot
be called as earthquake-free. The entire North-Eastern region and most of the parts of Indian
Himalayan belt fall under the Seismic Zone IV and V, representing the highest zone of
seismicity containing ‘Very High Risk'. It is a fact that the earthquakes "don't simply kill" but
cause collapsing of entire system. It takes long and sustained efforts to revive and rebuild the
affected area. In the present scenario, ill-planned/unplanned and unregulated development
activities increase our vulnerability to earthquake risk manifolds.

Our North-Eastern Region is one of the most seismically active regions of the world. Two major
earthquakes (M>8.0) and about 20 large earthquakes (M 7+) since 1897 have occurred in this
region. In Manipur, the unprecedented growth of multi-storey buildings and unregulated
urbanization, especially in the Imphal town, has made the risks associated with earthquakes
humongous. At least 10 people were killed and more than 300 people were injured in the
recent earthquake of Manipur (Magnitude 6.7), struck on January 4, 2016. This had refreshed
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the terrible memory of the 7.2 magnitude earthquake of 1988, pinpointing the need of detailed
investigation and review of the process of infrastructure development in this area for safety of
the people and other developmental gains.

‘Manipur Earthquake — 2016: Relief to Recovery’, has been written to collate and understand
the impact and damage pattern, which will help build better and resilient infrastructure in
future. The document covers the 2016 event in details from impact to rescue, relief and
recovery; and focuses on the damage assessment of structures in the affected areas. Some
major issues and causes of damage have been discussed, along with good practices which
were initiated post-disaster including retrofitting measures and outlining way forward.

National Institute of Disaster Management has undertaken numerous initiatives for disaster
risk reduction and capacity building of stakeholders in this area. The present report is an effort
to foster the Hon’ble Prime Minister’s 10 Point Agenda on DRR, which, as per the point number
9, stipulates ‘to ensure that the opportunity to learn from a disaster is not wasted and to
document the learning from major disasters in the country’. | am hopeful that this report will go
along way in mitigating the impact of earthquakes not only in Manipur but also other states to
plan better preparedness, response and rehabilitation efforts.

s

(Taj Hassan)




PREFACE

North East Region of the country is highly prone to earthquakes of varying magnitudes. Entire
Region falls under Zone V according to Seismic Hazard Zonation Map of the country. The
Region has already faced few of the damaging earthquakes. Fortunately, not much damage
had resulted in recent past due to earthquakes in this region. Despite being in Zone V and
availability of earthquake safe traditional construction practices in the region, the built form of
the region is not so conducive to face earthquakes. There is a need to invest in earthquake risk
mitigation measures through structural and non-structural means.

This Report is having inputs from the visits of the author to Manipur in 2016 (along with Prof.
Chandan Ghosh, NIDM) and 2019 to organize training programmes. During these visits useful
discussions were held with the participants of the programmes, local faculties involved and
few officials of the State Government. The report, primarily, is based on literature survey, both
online and offline, keeping the attention of the document on ill-planned and/or unplanned
construction practices being followed not only in Manipur but throughout the NE region.

Author takes this opportunity to express his sincere thanks to all who have contributed towards
compilation and finalization of this document. Shri Taj Hassan, Executive Director, NIDM has
always encouraged to do quality work and bring NIDM on forefront. Author sincerely extends
his gratitude to Shri Taj Hassan, Executive Director, NIDM for sharing his vision and showing
encouragement towards this document. Former Executive Director, NIDM, Maj. Gen. (Retd.)
Manoj Kumar Bindal, VSM, took several initiatives to make NIDM as one of the best Institute of
prime importance at national level. Author thanks Maj. Gen. (Retd.) Manoj Kumar Bindal, VSM,
for his unwavering support to carry out the case study on Manipur Earthquake 2016 as well as
to otherinitiatives for NIDM.

Author expresses his appreciation to Prof (Dr.) Chandan Ghosh, Head, Resilient Infrastructure
Division, NIDM who visited Manipur after the earthquake (2016) and also provided guidance in
making this document more meaningful. Sh. Surendra Thakur, Consultant (HR & Admin.)
deserve special thanks for his encouragement, support and guidance in compilation of this
document.

Well-deserved thanks to the reviewers of this document Er. Rajesh Dutta (ASDMA), Prof.
Devesh Walia (NEHU) and Maj Gen. (Retd.) V.K. Naik for giving valuable suggestions and
comments for refining this document as and when needed. Special thanks to officers of
Manipur State Government, PWD, Manipur and faculties of Manipur University for providing
useful information.




Special thanks are due to the Resilient Infrastructure Division team members, Mr. Mahesh
Kamaiji, former Young Professional, NIDM and Ms. Yogita Garbyal, Young Professional, NIDM
for their hard work in compilation and finalization of the Report.

Finally, Author is grateful to NIDM team and other stakeholders who extended their willing
support, cooperation and commitment by devoting their expertise to make valuable
contributions to the development of this document specially Shri S K Tiwari, Librarian and
Publication (I/C) and Ms. Karanpreet Kaur Sodhi, Junior Consultant for their useful assistance.

W
Giidmrle
(Amir Ali Khan)

Associate Professor
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An earthquake measuring M6.7 on the Richter scale struck Manipur on
January 4, 2016, in the early morning at 04: 35 am IST, killing at least 10 people and
causing injuries to more than 300 people. The epicentre of the earthquake located in
the Tamenglong district which lies between Lat 24.8°N, Long 93.5°E in Manipur
about 30 km west of the state capital Imphal. It was the largest earthquake to strike
Manipur after M7.2 earthquake in 1988. The tremors were widely felt in all the North-
Eastern states of India. The shaking intensity in Imphal city and adjoining areas
during the event varied from VI to VIl on the Mercalli scale. A few aftershocks of
magnitude less than 4.0 were also felt within a day of the mainshock. That tremor,
plus subsequent aftershocks, caused extensive damage to houses and
infrastructure. Extensive catastrophic damage occurred to Government buildings,
three Ima Keithels (women’s market), secretariat building, market complex, ISBT
(Inter State Bus Terminal), Central Agriculture University, Sports Authority of India,
Government Polytechnic buildings, and other private buildings, etc. Due to the
adverse situation and impact of the earthquake, thousands were left homeless and
displaced. The affected people took shelter in the community halls, schools, waiting
shed, relative’s houses, clubs, churches, etc. In the 9 districts of Manipur, around
351 villages and 16733 people were affected. Out of 4184 damaged houses around
738 houses were fully damaged, 747 houses were severely damaged and 2699
houses were partially damaged. The estimated total damage to houses and public
properties was around 27,473.62 lakhs. The worst affected districts in Manipur were
Imphal, Tamenglong, Noney, and Thoubal.

In this document an attempt has been made to collect information and data
about the earthquake for outlining the damage pattern, rescue, relief and recovery
operations held after the earthquake and to study the post-earthquake measures
taken for rehabilitation, reconstruction, and retrofitting of the structures to extract the
lessons learnt from the management of the earthquake.

MANIPUR EARTHQUAKE 2016 : RELIEF TO RECOVERY 1
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1 INTRODUCTION

1.1 BACKGROUND

Over the past two decades, India and other parts of the world have been
experiencing an increase in the frequency and intensity of disasters causing
physical, social and economic impacts which are devastating for many developing
countries. The lessons from the previous disasters indicate that hazards may be
natural while the disasters are mostly “man-made”. They to a great extent, result
from the failures of development practices and policies which distort the trajectory of
sustainable development, mostly influencing the poorest sections.

Generally, disasters have been considered as devastating events. Losses due to
disasters are increasing exponentially. Natural and human-induced disasters have
been causing extensive loss of life and property and huge damage to private and
public infrastructure eroding gains of development and leading to increased
expenses on relief and rehabilitation. Changing climatic conditions, environmental
degradation and other factors like increasing urbanization are likely to increase
disaster risks. The combined bits of knowledge assembled through national
encounters and worldwide activities have highlighted that the disasters "don't simply
occur" in current scenario, they frequently result from the failures of development
itself. These ill-planned/unplanned and unregularized development activities
increases our vulnerability to disaster risks as well. As per the published report on
economic losses, poverty and disasters by CRED during the last two decades i.e.
1998-2017, climate-related and geophysical disasters killed 1.3 million people and
left a further 4.4 billion injured, homeless, displaced or in need of emergency
assistance. While geophysical events such as earthquakes and tsunamis caused
the majority of the fatalities, 91% of all disasters were brought by storms, floods,
heat waves, droughts and other extreme weather events in 1998-2007". Disaster hit
nations experienced direct economic losses estimated at USD 2,908 billion®, of
which 77% of the total losses and around USD 2,245 billion losses occurred due to
climate related disasters. This has increased from 68% (USD 895 billion) of losses
(USD 1,313 billion) reported between 1978 and 1997. Overall, reported losses from
extreme weather events rose by 151% between these two 20-year periods.

Though the number of disasters resulting from earthquakes contributed only eight
percent of disasters globally, geophysical disasters - primarily earthquakes - killed

'Economic Losses, Poverty and Disasters 1998-2017 by CRED and UNISDR.
*The World Bank - Results Brief - Climate Insurance (2017) Available at:
https://www.worldbank.org/en/results/2017/12/01/climate-insurance. Retrieved on 28th September 2019.

MANIPUR EARTHQUAKE 2016 : RELIEF TO RECOVERY 3
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more people than any other type of disaster in the past 20 years, with the cumulative
toll of 747,000 fatalities exacerbated by the vulnerability of poor and badly prepared
populations exposed to two major events: the 2004 Indian Ocean tsunami and the
Haiti earthquake of 2010°. Population growth, economic development, and rapid
urbanization place more people in harm way more than ever before in earthquake
zones.

Figure 1: - Number of disasters during 1998-2017

1%0%

4%

M Flood
m Storm
® Earthquake
W extreme temperature
M Landslide
m Drought
Wild fire
Volcanic activity

Mass movement (Dry)

Source: - Economic Losses, Poverty and Disasters 1998-2017 by CRED and UNISDR.

Figure 2: - Number of deaths due to various disasters during 1998-2017

21,563 18,414

2,398
® Earthquake

M Storm

m extreme temperature

i Flood

W Drought

H Landslide

Source: - Economic Losses, Poverty and Disasters 1998-2017 by CRED and UNISDR.

*EM-DAT: The Emergency Events Database - Universitécatholique de Louvain (UCL) - CRED, D. Guha-Sapir -
www.emdat.be, Brussels, Belgium. Retrieved on 28" September, 2019.
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1.2 GENERAL PROFILE OF INDIA

India is the 7" largest country in the world; one of the oldest civilizations in the world
with a kaleidoscopic variety and rich cultural heritage. It has achieved all-round
socio-economic progress since its independence. India has become self-sufficient
in agricultural production and is now one of the industrialized countries in the world
and one of the few nations to have gone into outer space to conquer nature for the
benefit of the people. India lies entirely in the northern hemisphere, having
geographical coordinates extend between latitudes 8° 4' and 37° 6' North,
longitudes 68° 7' and 97° 25' East. It covers an area of 3,287,590 square kilometres®.
It has a land frontier of about 15,200 km. The total length of the coastline of the
mainland, Lakshadweep Islands and Andaman & Nicobar Islands is 7,516.6 km.
The country represents 28 states and 8 union territories. The country is surrounded
by three huge water bodies; the Bay of Bengal to the east, the Arabian Sea to the
west and the Indian Ocean to its south which gives the country a distinct
geographical entity. Tropic of Cancer passes through the middle of the country
which makes India into two halves with the tropical zone in the south and subtropical
in the north. The mainland comprises four regions namely plains of the Indus and the
Ganga, Great Mountain zone, southern peninsula, and the desert region. The
climate of India is broadly classified as a tropical monsoon type. The entire country
has a tropical climate marked by relatively high temperatures and dry winters.

As per the socio-economic profile, the population growth of India is tremendously
increasing day by day due to rapid urbanization and industrial growth. From the
2011 census data, the estimated Indian population is 121 crores with a literacy rate
of 74.04 percent and the sex ratio of 940 females to 1000 males. An average annual
exponential growth rate of 1.64 percent was observed during 2001-2011°. The life
expectancy rate consisted of 65.8 years (Males) and 68.1 years (Females) in the
period 2006-2011.

1.3 DISASTERS -INDIAN SCENARIO

According to data available at the Centre for Research on the Epidemiology of
Disasters (CRED), India is in the second place in terms of the number of people
affected by various disasters during 2015. Disasters are primarily triggered by
natural or human included hazards or their combination. From the past disasters
profile of India, it can be said that the India is vulnerable to floods, droughts,
cyclones, earthquakes, landslides, avalanches and forest fires. According to the

“National Portal of India, https://www.india.gov.in/india-glance/profile, last accessed on October 7, 2019.
*Census 2011 from censusindia.gov.in

MANIPUR EARTHQUAKE 2016 : RELIEF TO RECOVERY 5
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World Disasters Report 2016, published by the International Federation of Red
Cross and Red Crescent Societies, a total number of 1,12,627 people were reported
killed between 1993 and 2015 in India due to disasters, and the total number of
people affected for the same period was approximately 84.55 crores’.

During recent decades (1995-2016), India have experienced increase in floods
causing large scale damage resulting in greater loss of property and life. Extreme
events like cyclones, cloudburst and sediment disasters have occurred more
frequently or once a year causing huge damages. Tsunamis and earthquakes do not
have high frequency of occurrence but left a huge impact when they occurred in
terms of loss of lives and damages. As per the United Nations Office for Disaster
Risk Reduction's (UNISDR) Global Assessment Report on Disaster Risk Reduction
2015, India estimated Average Annual Loss from multi-hazard disasters of
approximately USD 9.8 billion per year, of this, the average annual loss from floods
is $7.4 billion every year'.

Table 1: - Quinquennial trend of total affected people and damage caused
by different disasters in India.

Total affected people

Total economic damage in USD

2001-2005 |2006-2010 |2011-2015 |2001-2005 |2006-2010 |2011-2015
Earthquake 6,478,634 |- 634,550 3,623,000 |- 120,000
Tsunami 654,512 = = 1,022,800 |- =
Riverine Flood 120,970,121| 53,505,869 21,862,429 | 9,392,696 |8,094,151 (18,524,000
Flashflood 3,700,045 8,931,465 |- 26,000 123,000 |-
Coastal flood - 7,200,000 |- - 275,000 -
Landslide 5,020 - 513,673 50,000 - 1,100,000
Tropical Cyclone  |77,250 5,750,300 |14,470,004 |28,416 300,000 |8,271,096

Source: - Adapted from Data Collection Survey for Disaster Prevention in India
Final Report (2015) by Japan International Cooperation AgencyYachiyo Engineering Co., Ltd.
and compiled by the EM-DATRetrieved from https://openjicareport jica.go.jp/pdf/12245155.pdf

*World Disasters Report 2016, International Federation of Red Cross and Red Crescent Societies, IFRCGO.
Retrieved on 18" September, 2019.
"https://economictimes.indiatimes.com/news/politics-and-nation/india-loses-9-8-billion-every-year-due-to-disasters/
articleshow/47150713.cms?utm_source=contentofinterest&utm_medium=text&utm_campaign=cppst

MANIPUR EARTHQUAKE 2016 : RELIEF TO RECOVERY 6
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Table 2: - List of Ten Deadliest Disasters in the last century in India.

Name of the event Year State and area Fatalities
Earthquake 1905 Kangra, Himachal Pradesh | 20,000 Deaths
Cyclone 1977 Andhra Pradesh 10,000 deaths, hundreds of
thousands homeless,
40,000 cattle deaths,
destroys 40% India’s of food
grains.
Latur Earthquake 1993 Latur, Marthawada, region | 7,928 People died and
of Maharashtra. another 30,000 wereinjured.
Orissa super Cyclone 1999 Orissa 10,000 deaths.
Gujarat Earthquake 2001 Bhuj, Bachau, Anjar, 25,000 deathsand 6.3
Ahmadabad and Suratin million people affected.
Gujarat state.
Tsunami 2004 Coast line of Tamil Nadu, 10,749 deaths,5,640
Kerala, Andhra Pradesh, persons missing,2.79
Pondicherry,and Andaman | million people affected,
& Nicobar Islands of India. | 11827 hectares of crops
damaged and 3,00,000
fisherfolks lost their
livelihoods
Maharashtra Floods 2005 Maharashtra state 1094 deaths, 167 injured
and 54 Missing.
Kashmir Earthquake 2005 Kashmir state At least 1350 people killed
with 6266 people injured in
J& Kregion
Kosi Floods 2008 North Bihar 527 deaths, 19,323 livestock
perished, 22, 2,754 houses
damaged and 33, 29,423
persons affected.
Cyclone Nisha 2008 Tamil Nadu 204 deaths and 800 million
USD worth damages.

Source: - Based on various sources including Topics 2000, Natural Catastrophes-the
current position, Special Millennium Issue, Munich Re Group, 1999.Centre for Research
on Epidemiology of Disasters (CRED) EM-DAT, Belgium. Retrieved on 6" October, 2019.
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14 HAZARD/VULNERABILITY PROFILE OF INDIA

Itis the interaction of hazards and vulnerability which leads to a disaster. Owing to its
unique geographical, topographical and environmental conditions, India has always
been vulnerable, to varying degrees, to a large number of natural, as well as,
human-made disasters. The Indian subcontinent is one of the world’s most disaster-
prone areas. Almost 85 percent of India’s area is vulnerable to one or multiple
hazards. Of the 28 states and 8 union territories, 22 are disaster-prone. Around 58.6
percentage of the landmass is prone to various intensities of earthquakes; more
than 12 percent of the land (around 40 million hectares) is prone to floods and
erosion; 78 percentage of coastline (around 5,700km out of 7,516km) is prone to
various tsunamis and cyclones, from the total cultivable land about 68 the percent of
land is prone to droughts; and 15 percent of landmass covering hilly areas are
vulnerable to avalanches and landslides®. Apart from this India is also vulnerable to
chemical, biological, radiological and nuclear (CBRN) emergencies and various
other manmade disasters. Vulnerabilities related to Socio-economic conditions,
demographics, development within high risks zones, unplanned urbanization,
environmental degradation, geological hazards, epidemics, and climate changes
are increasing, causing huge disaster risks in India.

Figure 3, shows the hazard and vulnerability maps of India; one classifies the
country based on high to low vulnerability to disasters and another portrays hazard
profile with various disaster types recurrent in the country. It can be observed that
the highest vulnerability to disasters is found in the northern part and some portions
of eastern coastal areas, whereas the lowest proneness is observed in the southern
parts. The northern part is highly exposed to earthquakes, landslides, and floods
while most of the southern part is exposed to cyclones (mainly eastern parts) and
droughts (mainly western parts).

*National Disaster Management Authority, “Vulnerability profile of India”. Data Retrieved on October 7, 2019,
from https://ndma.gov.in/en/vulnerability-profile.html.
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Figure 3: - Multi Hazard/Vulnerability Map of India

Source: Chakraborty, Anusheema& K. Joshi, P. (2016). Mapping disaster vulnerability in
India using analytical hierarchy process, Retrieved on October 15, 2019 from Reseachgate.net

Figure 4: - Earthquake hazard map of India

Source: - BUTPC (2019) Vulnerability Atlas of India, 3° Edition
https://bmtpc.org/DataFiles/CMS/file/Publication/VAI_3rd2019.pdfRetrieved on 20" October, 2019.
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