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technological disasters reported
globally, according to EM-DAT. It
should be noted that EM-DAT only
contains catastrophes that have
killed at least ten people, affected at
least 100 people or resulted in the
declaration of a state of emergency.
This means that the overall number
of catastrophes may be larger, as
some small-scale occurrences may
not have been recorded in the
database.
In the last 20 years (2000-2019),
there have been more disasters than
ever before. From 2000 to 2019,
there were 7,348 big disaster
incidents that were registered,
compared to 4,212 from 1980 to
1999. With 6,681 incidents, climate-
related calamities have surged the
highest (UNDRR 2020). We can
also turn a hazard into a calamity by
mismanaging it. In comparison to
the early estimates, natural habitats
have fallen by 47% on average and
25% of species are now in danger of
extinction (WWF 2020 and IPBES
2019). Extreme weather events are
now more frequent and more intense 
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as a result of climate change.
Extreme weather events (storms,
heat/cold waves, droughts, flood
and wildfires) impacted more than
100 million people in 2019 (EM-
DAT).
Anthropogenic activities have an
influence on the environment, affect
all of the Earth's systems. Certain
systems, however, may be more
severely impacted than others.
Anthropogenic activities have a
significant impact on the water.
Many human activities have a
harmful influence on the ocean and
its ecosystems, including pollution,
overfishing and climate change
(Khatri & Tyagi 2014). Pollution
from industrial and sewage
operations, for example, can taint
the water and destroy marine life,
whereas overfishing can reduce fish
populations and destabilise marine
ecosystems (Sentient Media 2021 ;
Reef Resilience Network). Climate
change, which is mostly caused by
human activities such as the use of
fossil fuels, is also having a
substantial influence on the ocean,
with
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Disaster

isasters have many causes
both natural or man-made,
the fact that nature
frequently causes them.
SituattionSituation or occurrence that exceeds

local capabilities and calls for
seeking assistance from the national
or international level (as defined in
the Emergency Events Database:
EM-DAT); an unforeseeable,
frequently sudden occurrence that
leaves behind considerable ruin,
pain and harm to people. We can
create the circumstances for a
disaster by destroying natural
barriers or by building too close to
places that are vulnerable to natural
hazards. The Centre for Research on
the Epidemiology of Disasters
(CRED) maintains the International
Disaster Database (EM-DAT),
which contains information on the
number of disasters that have
happened worldwide since 1900.
Natural disasters and technology
catastrophes are the two types of
disasters classified by EM-DAT.
Between 1900 and 2023, there were
16,566 natural and 9,304
technological

D
Introduction
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with rising sea levels, ocean
acidification and increasing
frequency and intensity of storms
among the consequences (Nobuo
Mimura 2013).
Forests are another system that has
been profoundly influenced by
human activity. Deforestation, or the
loss of forests for uses such as
agriculture and urban expansion, is a
severe danger to forests all over the
world. Deforestation may harm the
ecosystem by causing biodiversity
loss, soil erosion and climate change
(Rhett A. Butler 2019; IPCC-Land
Degradation). Human actions have
an impact on the environment as
well. Many human actions, such as
the use of fossil fuels and
deforestation, contribute to climate
change by increasing greenhouse gas
concentrations in the atmosphere.
Climate change can have a variety of
negative consequences, including
more frequent and intense extreme
weather events, sea level rise and
ecological damage. Wellbeing for
both people and the environment is
interdependent. We live in a world
where human activity has reduced
the amount of wilderness on the
planet, increased the size of urban
areas and jeopardized biodiverse
natural ecosystems. People will be
exposed to infections to which they
have little or no immunity as they
move further into wild settings.
Unsustainable development paths
have many harmful effects,
including the spread of disease (Chu
and Karr 2016). These catastrophes
in the ecology and climate are
unprecedented. To keep us healthy
and address the climate catastrophe,
nature

nature offers a variety of
alternatives. Biomass sequesters and
stores carbon, which lowers the
levels of greenhouse gases in the
atmosphere and helps nature combat
the climate catastrophe (Chu and
Karr 2016). Natural barriers against
storm surges and slope-stabilized
soils that prevent landslides are ways
that nature safeguards us from
dangers. Fresh air, nutritious foods,
clean water and other ecosystem
services of nature keep us well.

plans. Certain development
initiatives are widely acknowledged
to contribute to the risk of
catastrophic occurrences (Trogrlić
et.al 2022; World Bank 2014).
Among these activities are:

Land use and land cover changes:
Changes in land use and land cover,
such as forest conversion to
agriculture or urbanisation, can
increase the risk of natural
catastrophes by disrupting natural
hydrological and biological
processes (Rhett A. Butler 2019).
Clearing forests, for example, can
raise the danger of landslides and
flooding, but paving land can
increase the risk of urban flooding.

Infrastructure development: 
Developments, such as roads,
buildings and dams, can raise the
risk of natural disasters by
modifying the natural terrain and
making populations more vulnerable
(Vaidya et.al 2019). Road and
building development in flood-prone
locations, for example, can raise the
danger of flooding, whereas dam
construction can increase the risk of
dam failure and downstream
flooding.

Climate change: Development
activities such as the use of fossil
fuels and deforestation can
contribute to climate change, which
can raise the risk of natural
catastrophes by altering weather
patterns and sea levels (Nobuo
Mimura 2013). Warming of the
Earth's surface, for example, can
increase the frequency and intensity
of heatwaves and droughts, while
increasing sea levels can raise the
danger

Understading Disaster Risk

Disaster Risk is equal to =
Hazard x Vulnerability x Exposure
Hazard refers to the possibility and
severity of a natural or man-made
occurrence that can harm people and
their assets, such as earthquakes,
floods and wildfires. Vulnerability
refers to a community's or system's
vulnerability to the effects of a
danger (IPCC 2012). Vulnerability
can be impacted by variables such as
the age and condition of
infrastructure, the availability of
resources and support systems and
the community's readiness and
resilience. The presence and
closeness of people, assets, and
infrastructure near the hazard are
referred to as exposure (Cardona
et.al 2012). The more the exposure,
the greater the risk of loss and harm.
Understanding disaster risk may
assist in identifying potential disaster
consequences and informing the
creation of risk-reduction initiatives
such as the construction of protective
infrastructure, the development of
early warning systems and the
execution of emergency response
plans

https://pubmed.ncbi.nlm.nih.gov/?term=MIMURA%20N%5BAuthor%5D
https://data.mongabay.com/about.htm
https://link.springer.com/chapter/10.1007/978-3-030-98989-7_2#auth-Robert-_aki__Trogrli_
https://data.mongabay.com/about.htm
https://pubmed.ncbi.nlm.nih.gov/?term=MIMURA%20N%5BAuthor%5D
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danger of coastal floods (IPCC
2012). Consequently, development
activities can add to the occurrence
and severity of natural disasters by
modifying the natural landscape and
increasing the vulnerability of
populations. There are variances in
the types, frequency and intensity of
disasters in India and across the
world, but there are also many
commonalities in the origins,
repercussions and reaction to
catastrophes (Thomas and Lopez
2015).

technological events). NATECH
disasters are Natural Hazards
Triggering Technological Accidents.
Several natural disasters have
resulted in significant damage to
hazardous installations, the release
of hazardous substances, fires and
explosions, which may have an
adverse effect on one's health, the
environment, or both, as well as
financial losses. A transboundary
aspect to these effects is also
possible. Accidents involving
lightning and freezing have also
been linked to minor natural hazard
types (EU Commission JRC 2003).
Major catastrophes of the world are:
Earthquakes: Earthquakes are a
regular danger that have wreaked
havoc in many regions of the world.
Recent series of 7.8 magnitude
earthquakes in Turkey (Southern &
Central Turkey) and Syria (Northern
& Western Syria) on February 6,
2023 have caused 41,000 death tolls
reported (Aljazeera 2023). A
magnitude 7.5 earthquake, for
example, devastated Indonesia in
2020, inflicting severe damage and
loss of life in the Sulawesi area. A
magnitude 7.5 earthquake rocked
Papua New Guinea in 2018,
inflicting severe damage and
fatalities. A magnitude 9.0
earthquake and tsunami devastated
Japan in 2011, inflicting severe
damage and loss of life.
Cyclones: Cyclones, often known as
typhoons or hurricanes, are powerful
storms that may inflict significant
destruction and loss of life. Cyclone
Yasa hit Fiji in 2020, inflicting
severe damage and killing numerous
people. Cyclone Idai devastated
Mozambique

Mozambique, Zimbabwe and
Malawi in 2019, inflicting
significant destruction and loss of
life. Hurricanes are powerful storms
that arise over the oceans and may
wreak significant destruction and
loss of life when they hit land.
Hurricane Maria hit Puerto Rico in
2017, leaving severe destruction and
loss of life. Hurricane Laura and
Hurricane Delta caused extensive
damage and fatalities in the United
States and the Caribbean in 2020.
Floods: Flooding is a common
danger that can be caused by
excessive rain, snowmelt, or dam or
levee breach and failure. Severe
floods struck numerous states in the
United States in 2021, notably Texas
and Louisiana, inflicting catastrophic
destruction and loss of life. Severe
floods struck numerous nations in
2020, including China, Bangladesh
and Pakistan, inflicting massive
devastation and loss of life. Floods
in Pakistan harmed over 5 million
people and caused extensive damage
in 2019.
Droughts: Drought is a recurring
issue in many parts of the world,
especially in dry or desert areas. A
severe drought struck regions of
eastern Africa, particularly Ethiopia
and Somalia, in 2021, resulting in
food insecurity and economic
misery. A drought in Australia in
2020 caused massive agricultural
and cattle devastation, wreaking
havoc on the country's agriculture
business.
Wildfires: Wildfires are a frequent
threat in many regions of the world,
especially in dry or wooded areas.
Wildfires in California and other
western 

Types of Disasters in the World

Natural disasters types that can strike
the world are earthquakes, cyclones,
floods, landslides and droughts.
Depending on the geographical and
environmental characteristics of the
location, the sorts of disasters that
occur in India may differ from those
that occur in other regions of the
world. India may face disaster more
frequent and severe than in other
regions of the world, because of
environmental, social, or economic
considerations, certain places may be
more vulnerable to specific types of
catastrophes, or may suffer more
frequent or severe incidents. The
impact of catastrophes also differ
from the impact on other regions of
the world due to variances in
population density, development
level and infrastructure of impacted
areas.
In recent years, there have been
several big catastrophes throughout
the world, including natural
disasters, technical disasters and
complex disasters (which involve a
combination of natural and
technological
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https://www.google.com/url?q=http://www.emdat.be&sa=D&source=docs&ust=1673432064023263&usg=AOvVaw3Q16lYqEvGPxHwiLb_2U4l


(Source EM-DAT: The Emergency Events Database—Université catholique de Louvain (UCL) —CRED, D. Guha-Sapir—www.emdat.be, Brussels, Belgium)
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(Source EM-DAT: The Emergency Events Database—Université catholique de Louvain (UCL) —
CRED, D. Guha-Sapir—www.emdat.be, Brussels, Belgium)
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western states caused severe damage
and loss of life in 2020. Wildfires in
the Amazon rainforest caused
massive devastation and had serious
environmental consequences in
2019.
Industrial accidents: Industrial
accidents can have serious
consequences, including death and
environmental harm. The Deepwater
Horizon oil leak in the Gulf of
Mexico in 2010 was one of the
greatest industrial mishaps in
history, resulting in massive
environmental damage and fatalities.
Infrastructure failures: 
Infrastructure disasters, such as
bridge collapses and dam
breakdowns, can have serious
consequences, including loss of life
and property damage. The collapse
of a dam in Laos in 2018 caused
severe damage and loss of lives.
These are  numerous significant
disasters that have occurred in recent
years throughout the world.
Disasters affect different areas and
nations based on the danger and the
susceptibility of the people and
infrastructure. Furthermore, the
nations and areas most impacted by
catastrophes differ based on the
specific danger and the vulnerable
population. Poorly built and heavily
inhabited places are frequently more
sensitive to catastrophe
consequences. Developed countries
with sophisticated warning systems
and emergency response skills are
typically better prepared to deal with
catastrophes, however major damage
can still occur (IPCC 2012). Natural
disasters are often more dangerous
in developing nations due to a range
of

of factors such as insufficient
resources, inadequate infrastructure,
and a lack of investment in disaster
prevention and preparedness. Many
poor nations are located in areas
prone to natural catastrophes such as
earthquakes, hurricanes, and floods,
and may lack the resources or
infrastructure to properly respond to
and recover from these calamities.
Furthermore, climate change is
increasing the frequency and
intensity of natural catastrophes,
which disproportionately affect
developing nations (FAO 2021).

Maharashtra. Earthquakes and
landslides are a problem in northern
Himalayan states such as
Uttarakhand and Himachal Pradesh
(Chakraborty and Joshi 2014).
India is a huge and diversified
country prone to natural disasters.
Furthermore, India's fast increasing
population and urbanisation have
raised the likelihood of industrial
accidents and man-made disasters.
Natural, technological, and complex
catastrophes, such as earthquakes,
floods, cyclones, droughts,
landslides and industrial accidents,
make India susceptible. India is
vulnerable to a variety of these
disasters and it is critical that the
country implement effective disaster
risk management measures to lower
the risk of these occurrences and
limit their repercussions on
populations (OECD 2015; ADB
2013). Among the biggest calamities
that have struck India in recent years
are:
Cyclones: Cyclone Tauktae was
extremely severe tropical cyclone in
the Arabian Sea and strongly
affected Gujarat, Kerala, Karnataka,
Maharashtra, Goa and west coast of
India during May 2021. Strong
Cyclonic Storm Yaas was a tropical
cyclone that made landfall in Odisha
and caused severe damage in West
Bengal in late May 2021. It was
relatively strong and destructive.
Cyclone Amphan hit West Bengal
and Odisha in May 2020, bringing
significant destruction and loss of
life. It was one of the most powerful
cyclones to strike the region in 20
years. Cyclones are strong storms
that originate over the Bay of Bengal 

Recent Major Disasters in India

India faces commonality with rest of
the world like natural catastrophes
such as earthquakes, hurricanes and
floods are the root causes of many
calamities. These risks may occur
everywhere in the world and have
comparable effects no matter where
they occur. Disasters' impact can
have comparable effects on
communities, such as loss of life,
infrastructure and crop damage and
disruption of economic and social
activity. Catastrophes frequently
necessitate similar sorts of
responses, such as emergency rescue
and relief activities, rebuilding and
rehabilitation and risk mitigation
initiatives to avoid or minimise
future disasters. The states in India
that are most vulnerable to natural
catastrophes differ based on the
danger. Flooding and landslides, for
example, are common in
northeastern states like Assam and
Arunachal Pradesh, whereas
cyclones and droughts are common
in western states like Gujarat and
Maharashtra

https://www.tandfonline.com/author/Chakraborty%2C+Anusheema
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and the Arabian Sea, are common in
India.
Floods: Flooding is common in
India, which is typically caused by
strong monsoon rainfall. Severe
floods struck numerous Indian states
in 2019, including Bihar, Assam,
and Gujarat, inflicting major damage
and loss of life. The 2017 Kerala
floods were a devastating occurrence
caused by extremely strong monsoon
rains, which resulted in river and
reservoir overflows, landslides, and
loss of life, with an estimated 480
persons killed.
Drought: Drought is a recurring
issue in India, notably in the
country's west and south. India had
its worst drought in more than four
decades in 2020, affecting millions
of people and wreaking havoc on
agriculture and the economy.
Landslides: Landslides are a
prevalent hazard in India, especially
in steep locations and during the
monsoon season. A series of
landslides in Uttarakhand caused
severe damage and loss of life in
August 2020. Massive landslides in
the eastern state of Odisha, the
western state of Maharashtra, the
southern state of Karnataka and the
northern state of Uttarakhand in
July-August 2021 killed lives,
wounded others and destroyed
homes.
Earthquakes: India is located in a
seismically active zone, and
earthquakes are a regular threat. In
April 2015, a magnitude 7.8
earthquake struck Nepal, inflicting
severe damage and loss of life in
Nepal and numerous Indian states,
including Bihar, Uttar Pradesh and
west

West Bengal. The 2001 Gujarat
earthquake, with a magnitude of 7.7
in the Kutch area, caused severe
damage and loss of life, with an
estimated 20,000 people killed.
Technological disasters such as
industrial accidents and
infrastructural breakdowns for
example: the Bhopal gas tragedy in
1984, which was caused a gas leak at
a Union Carbide factory in Bhopal,
Madhya Pradesh, was one of the
biggest industrial catastrophes in
history, resulting in thousands of
deaths and long-term health
consequences. A bridge collapse in
Gujarat in 2022 and in Kolkata in
2021 killed and injured multiple
people. The Visakhapatnam gas
leak, also known as the Vizag gas
leak, was an industrial accident that
happened on May 7, 2020, in the
early morning at the LG Polymers
chemical facility in the R. R.
Venkatapuram village outside of
Visakhapatnam, Andhra Pradesh.
The ensuing vapour cloud affected
the adjacent towns and villages
across a region of around 3
kilometres.
Complex disasters in India,
involving a combination of natural
hazards inducing technical accidents
(NATECH) have also happened. The
2004 Indian Ocean earthquake and
tsunami, for example, caused severe
damage and loss of life in various
Indian states, including Tamil Nadu,
Andhra Pradesh and Pondicherry.
The calamity was both a natural
(seismic) and  triggered  tsunami.
Odisha cyclone and flood
catastrophe in 2020 was a complex
disaster that included both cyclone
and

The Kedarnath GLOF: In 2013,
the Kedarnath region of
Uttarakhand, India, was hit by a 

and significant rain, resulting in
catastrophic floods and landslides.
Forest fires in India can have
serious consequences, including
damage to forests, flora and fauna,
loss of wildlife habitat and air
pollution. Forest fires may also
endanger human life and property
because they spread swiftly and are
difficult to control (Satendra and
Kaushik 2014). Some examples of
forest fires that have destroyed a
wide amount of forest cover and
caused major damage to flora and
wildlife habitat occurred in India are
: Uttarakhand Forest Fires 2016,
Himachal Pradesh Forest Fires 2019,
Maharashtra Forest Fires 2020 and
Tamil Nadu Forest Fires, 2021.

A Glacial Lake Outburst Flood
(GLOF) is a type of flood that
happens when a glacial lake, which
is generated by glacier melting,
breaks its natural barrier or
embankment and discharges a
massive volume of water. GLOFs
can be triggered by a number of
reasons, including glacier melting,
landslides and earthquakes. GLOFs
have occurred in India's Himalayan
area, which is home to several
glaciers and glacial lakes. GLOFs in
this location can have serious
consequences, including
infrastructure damage, loss of life
and interruption of transportation
and communication networks
(NDMA 2020). GLOFs that have
happened in India include the
following:
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(Source EM-DAT: The Emergency Events Database—Université catholique de Louvain (UCL) —CRED, D. Guha-Sapir—www.emdat.be, Brussels, Belgium)

https://www.google.com/url?q=http://www.emdat.be&sa=D&source=docs&ust=1673432064023263&usg=AOvVaw3Q16lYqEvGPxHwiLb_2U4l
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(Source EM-DAT: The Emergency Events Database—Université catholique de Louvain (UCL) —CRED, D. Guha-Sapir—www.emdat.be, Brussels, Belgium)

https://www.google.com/url?q=http://www.emdat.be&sa=D&source=docs&ust=1673432064023263&usg=AOvVaw3Q16lYqEvGPxHwiLb_2U4l


The government has put in place a
variety of policies and projects
targeted at lowering the risk of
natural catastrophes and
strengthening community resilience.

Institutional Framework for DRR
in India:
1. Ministry of Home Affairs (MHA),
Government of India: The MHA's
Disaster Management Division is in
charge of response, relief and
preparedness for both natural and
man-made disasters (except drought
and epidemics). The Division is also
responsible for law, policy, capacity
building, prevention, mitigation and
long-term rehabilitation.

2. The National Disaster
Management Authority (NDMA), is
an apex body of the Indian
government with the responsibility
of formulating disaster management
policy. To guarantee a
comprehensive and decentralised
approach to disaster management,
the NDMA is responsible for
developing policies, establishing
guidelines, and best practises for
working with the State Disaster
Management Authorities (SDMAs).

3. The National Institute of Disaster
Management (NIDM) is one of
India's top institutions for training
and programmes to build ability to
manage natural disasters on a
national and regional level. The
Disaster Management Act 2005,
which was approved by the
President of India on January 9,
2006, changed the name of the
National Institute of Disaster
Management (NIDM), which had
been
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GLOF owing to severe rain
GLOF owing to severe rain and
landslides, causing the
Chorabari Glacier to melt and
become a lake. When the lake
reached a particular level, it
overflowed, causing extensive
damage and loss of life in the
surrounding region. The
accident had a tremendous
impact on the local people and
infrastructure, and rehabilitation
efforts lasted for many years
thereafter.
The Rishiganga GLOF: A
landslide caused a GLOF in the
Rishiganga valley in the Indian
state of Uttarakhand in 2021.
This flood caused significant
damage to life and property,
making it one of the most
devastating natural disasters to
hit the Himalayas in recent
years.
The Siachen GLOF: A GLOF
occurred in the Siachen area of
Jammu and Kashmir in 2012 as
a result of the melting of the
Siachen Glacier.

GLOFs can have serious
consequences in India and pose a
considerable risk in the Himalayan
area. To limit the risk of GLOFs, it
is critical to undertake procedures to
monitor glacial lakes and protect
them effectively. 

been established in 1995 under a
Parliamentary Act.
4. The National Disaster Response
Force (NDRF): The NDRF is a
specialised force created by the
Disaster Management Act to
respond to catastrophes in India. The
NDRF is equipped to handle a
variety of calamities, including
earthquakes, cyclones and chemical
accidents.

Laws and Policies:
In order to mitigate catastrophe risks
and manage the effects of natural
disasters, India has enacted a variety
of laws and regulations. India has
also made strides in implementing
nature-based disaster risk reduction
solutions, such as the Green India
Mission, which aims to increase the
country's forest and tree cover and
the National Bamboo Mission,
which promotes the cultivation and
use of bamboo as a natural disaster
risk reduction solution. Among these
laws and policies are the following:
1. The Disaster Management Act,
2005: This Act defines the
framework for disaster management
in India and describes the duties and
responsibilities of various
government agencies, non-
governmental organisations, and
community-based groups in disaster
management.
2. The National Disaster
Management Plan (NDMP), 2016
and NDMP 2021: This plan provides
the strategies, rules and procedures
for disaster management in India and
includes all aspects of disaster
management, including prevention,
readiness, response and recovery.
The

Governmental setup for
Disaster Risk Reduction (DRR):

In recent years, India has achieved
tremendous progress in disaster risk
reduction and it is taking a proactive
approach to decreasing the risk of
natural catastrophes and
strengthening community resilience. 
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The NDMP 2021 is being upgraded
for the period 2021-2025, with the
goal of strengthening India's disaster
management system. The plan will
emphasise increasing the resilience
of communities and essential
infrastructure to disasters, boosting
the disaster management system's
preparedness and response capacities
and encouraging the use of science
and technology in disaster
management.
3. The National Cyclone Risk
Mitigation Project (NCRMP) - Phase
I, II & III: This project attempts to
lessen the risk of cyclones in India's
coastal states by building cyclone
shelters, upgrading coastal
embankments and developing early
warning systems and evacuation
procedures. NCRMP-II phase
initiative is an extension of the
NCRMP that attempts to lessen the
danger of cyclones in India's coastal
regions. The project comprises the
construction of new cyclone shelters
as well as the reinforcement of
existing coastal embankments. The
NCRMP-III is being implemented in
India's coastal states in order to
lower the risk of cyclones even
more. The project comprises the
construction of new cyclone shelters
as well as the reinforcement of
existing coastal embankments.
4. The National Action Plan on
Climate Change (NAPCC), 2008
and NAPCC 2021: This plan
describes India's plans and efforts to
address the effects of climate
change, including the development
of adaptation and mitigation
measures to lower the risk of natural
catastrophes. The NAPCC 2021 is
being

being revised for the period 2021-
2030, with the goal of strengthening
India's efforts to address the effects
of climate change, such as the
development of adaptation and
mitigation strategies to lower the
risk of natural catastrophes.
5. The National Disaster
Management Guidelines (NDMGs):
These recommendations include
technical advice on a variety of
disaster management topics, such as
disaster risk assessment, early
warning systems, evacuation
planning and rehabilitation and
reconstruction.
6. The National Adaptation Planning
(NAP) process is a framework that
assists countries in identifying and
mitigating vulnerabilities to the
effects of climate change,
particularly natural disasters. The
NAP process is country-led and it
provides a systematic framework for
identifying and prioritizing
adaptation initiatives at the national
level (UNEP 2021; Mimura et.al
2014). The Ministry of Environment,
Forest and Climate Change
(MoEFCC) of India is leading the
NAP process in partnership with
other government departments and
stakeholders. The NAP process in
India is meant to strengthening its
communities and systems' resilience
to the effects of climate change,
particularly natural disasters such as
floods, droughts and cyclones. To
aid the NAP process in India, the
MoEFCC established the National
Adaptation Fund (NAF), which
gives financial and technical help to
adaptation programmes around the
nation. The NAF is designed to aid 

in the execution of adaptation
programmes at the national, state
and local levels, with a focus on
vulnerable populations and
industries (NABARD and
MoEF&CC).

Financial Framework for DRR in
India: 
1. The National Disaster Response
Fund (NDRF): In the event of a
catastrophic disaster, the National
Disaster Response Fund (NDRF),
established under Section 46 of the
Disaster Management Act, 2005,
supplements the State's SDRF, if
sufficient funds are not available in
SDRF.
2. The State Disaster Response Fund
(SDRF), established under Section
48 (1) (a) of the Disaster
Management Act, 2005, is the main
fund available to State Governments
for responses to declared disasters.
For States/UTs in the general
category and those in the special
category, the Central Government
contributes 75% and 90%,
respectively, of the SDRF allocation.
Upon the recommendation of the
Finance Commission, the annual
Central contribution is distributed in
two equal installments. SDRF must
only be used to cover costs
associated with giving victims
immediate relief.
DRR Working Group formation
in the G20 under India
Presidency: The 13 Working
Groups and 3 Initiatives have been
convene via the Sherpa Track during
India's Presidency to talk about
priorities and provide
recommendations as part of the G20
deci
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All development sectors must
imbibe the principles of disaster
risk management.
Risk coverage must include all,
starting from poor households to
SMEs to multi-national
corporations to nation states.

decision-making process. Working
Groups lead in-depth analyses and
debates on a variety of globally
significant topics in their respective
areas of expertise. Under India's
Presidency, a new working group on
disaster risk reduction (DRR) has
been established in order to promote
group collaboration among the G20,
carry out multidisciplinary research
and exchange best practises on
disaster risk reduction (G20
Secretariat, MEA 2023). The issue
of funding is one of the top priorities
India has put forth in the G20 DRR
group. The nation sets aside $1
billion/year for disaster mitigation in
the direction of more risk reduction
investment to ensure lower
expenditures on disaster response.
India has emphasised the value of
creating resilient infrastructure that
can endure natural calamities time
and time again. With the ten-point
DRR agenda, Hon. Prime Minister
Narendra Modi has pushed for the
development of robust
infrastructure.

Prime Minister’s Ten Point
Agenda on Disaster Risk
Reduction (DRR): Below is the list
of PM’s 10 Point Agenada on DRR
from the Asian Ministerial
Conference on Disaster Risk
Reduction (AMCDRR) 2016. 

Women’s leadership and greater
involvement should be central to
disaster risk management.
Invest in risk mapping globally
to improve global understanding
of Nature and disaster risks.
Leverage technology to enhance
the efficiency of disaster risk
management efforts.
Develop a network of
universities to work on disaster-
related issues.
Utilise the opportunities
provided by social media and
mobile technologies for disaster
risk reduction.
Build on local capacity and
initiative to enhance disaster risk
reduction.
Make use of every opportunity
to learn from disasters and, to
achieve that, there must be
studies on the lessons after every
disaster.
Bring about greater cohesion in
international response to
disasters.

Communities) addresses disaster risk
reduction directly, aiming to ‘make
cities and human settlements
inclusive, safe, resilient and
sustainable’. The specific target for
disaster risk reduction is Target 11.5,
which aims to ‘reduce the number of
deaths and people affected by
disasters, including water-related
disasters and substantially reduce
direct economic losses relative to
global gross domestic product
caused by disasters, with a focus on
protecting the vulnerable’. In
addition to SDG 11, the following
SDGs are connected to disaster risk
reduction and can help to construct
more resilient communities:
SDG 1 (No Poverty): Reducing
poverty and boosting access to
essential services including as
education, healthcare and clean
water will help communities become
more resilient and less vulnerable to
catastrophes.
SDG 2 (Zero Hunger): Ensuring
food security and supporting
sustainable agricultural practises will
help to mitigate the effects of
catastrophes on food systems while
also assisting in the rehabilitation
and reconstruction of impacted
communities.
SDG 3 (Good Health and Well-
being): Improving healthcare
systems and raising public
knowledge about health issues can
assist to mitigate the effects of
disasters on health and well-being.
SDG 6 (Clean Water and
Sanitation): Improving access to safe
drinking water and sanitation will
assist to mitigate the effects of
water-related catastrophes like
floods

Global Initiatives on Disaster
Risk Reduction:

Sustainable Development Goals
(SDGs):
The United Nations approved the
Sustainable Development Goals
(SDGs) in 2015 as a series of global
goals to eradicate poverty, safeguard
the environment, secure peace and
prosperity for all. The SDGs are
comprised of 17 objectives and 169
targets that address a wide variety of
economic, social and environmental
challenges.
SDG 11 (Sustainable Cities and
Communities
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floods and droughts, as well as aid in
the rehabilitation and reconstruction
of impacted regions.
SDG 13 (Climate Action): Nature-
based solutions may help with
climate change adaptation and
mitigation by stabilising slopes,
holding and controlling water flows
and safeguarding against wind and
waves. They can also aid in the
sequestration of carbon and the
reduction of greenhouse gas
emissions.
SDG 14 (Life Below Water):
Natural solutions like as coral reef
restoration and mangrove planting
can help to conserve and sustainably
utilise marine resources and
ecosystems.
SDG 15 (Life on Land): Nature-
based solutions, such as wetland
restoration and forest protection, can
help to conserve and sustainably
utilise terrestrial ecosystems and
biodiversity.
The SDGs' success can help to
reduce catastrophe risk and develop
more resilient communities.

The United Nations Office for
Disaster Risk Reduction
(UNDRR): 
The focal point for disaster risk
reduction at the UN is UNDRR. The
Sendai Framework for Disaster
Risk Reduction 2015–2030 is
implemented under the direction of
UNDRR, which also assists nations
in doing so. It also monitors progress
and disseminates information on
what works best for lowering current
risk and preventing the emergence of
new risk. The Disaster Loss Data
Collection tool (also known as
DesInven

"DesInventar Sendai") is a crucial 
 component of the Sendai
Framework online monitoring tool.
It enables the building and upkeep of
fully compliant Loss Databases that
can be used to gather the
information necessary for Global
Goals.

United Nations Platform for
Space-based Information for
Disaster Management and
Emergency Response (UN-
SPIDER):
UN-Spider is a focal point of access
to space data for disaster
management assistance, acting as a
link between the hazards, risk
management and space communities
and facilitating institutional
strengthening and capacity-building,
particularly for developing nations.
In order to help disaster management
efforts, UN-SPIDER is being
established as an open network of
space-based service providers.
The Coalition for Disaster
Resilient Infrastructure :
CDRI is a multilateral international
cooperation comprising national
governments, United Nations (UN)
agencies and programmes,
multilateral development banks and
finance mechanisms, the business
sector and academic and knowledge
organisations. It seeks to deal with
the problems that arise when
developing resilient infrastructure
systems. The difficulties of
incorporating resilience into
infrastructure systems and related
development are its main focus.

Technological:
In India, technological and scientific
advancements have made important
contributions to disaster
management. These contributions
have helped to lessen the likelihood
and severity of catastrophes, as well
as increase the efficacy of disaster
response activities. Some particular
ways in which technological and
scientific innovation have aided
disaster management in India
include:
Early warning systems: Technology
has played a significant part in the
creation of early warning systems,
which are intended to warn
communities of imminent calamities
and offer information on how to stay
safe (Trogrlić et.al 2022). Early
warning systems are utilised in India
for a range of calamities such as
earthquakes, cyclones and floods. In
India, the National Disaster
Management Authority (NDMA) is
in charge of coordinating the
development and implementation of
early warning systems. The NDMA
collaborates with several agencies
and groups to create and maintain
early warning systems for various
sorts of catastrophes.
Remote sensing and mapping
technology, such as satellites and
drones, are used to monitor and map
catastrophes and their effects. These
technologies give critical
information that is utilised to gauge
catastrophe severity and direct
response operations.
Disaster response technology:
Disaster response activities in India
are also aided by technology. Drones
may be used to carry supplies and
evaluate

Advancements towards
Disaster Risk Reduction (DRR):

https://link.springer.com/chapter/10.1007/978-3-030-98989-7_2#auth-Robert-_aki__Trogrli_
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evaluate damage, while mobile
applications and other technology
can be used to coordinate relief
activities and connect with impacted
people.
Climate modelling: Scientists and
engineers utilise science and
technology to create climate models
that can assist anticipate the
possibility and severity of future
disasters. These models are being
used to help guide catastrophe risk
reduction initiatives in India and
other nations.
Remote sensing satellites can give a
variety of data that may be utilised
to mitigate many sorts of disasters.
The particular data and indices
utilised are determined by the type
of catastrophe and the information
required to comprehend and respond
to the disaster. The following are
some instances of remote sensing
data and indexes that may be utilised
for various sorts of disasters:
Floods: Remote sensing data may be
used to map the extent of
floodwaters, identify locations at
danger of flooding, and track the
progression of floods over time in
the case of floods. Radar data, which
can pierce through clouds and locate
water bodies, and optical data, which
can be used to determine land cover
and vegetation types, are examples
of data that can be utilised for flood
mapping. The Normalized
Difference Water Index (NDWI),
which may be used to locate water
bodies, and the Normalized
Difference Vegetation Index
(NDVI), which can be used to
identify regions that are flooded with 

water, are two indicators that can be
used for flood mapping (Salem et.al
2022, Anusha and Bharathi 2020 and
Klemas 2015).
Droughts: Remote sensing data may
be used to monitor the intensity and
extent of drought conditions,
identify drought-affected areas and
forecast future drought conditions.
Thermal data, which may be used to
assess surface temperature and
identify regions with reduced plant
cover and vegetation index data,
which can be used to monitor the
health and condition of vegetation,
are two types of data that can be
used for drought monitoring. The
Vegetative Condition Index (VCI),
which may be used to monitor
vegetation stress, and the
Standardized Precipitation Index
(SPI), which can be used to quantify
drought conditions, are two indices
that can be used for drought
monitoring (Das et.al 2023, Crocetti
et.al 2020; Aghakouchak et.al 2015).
Earthquakes: Remote sensing data
may be used to map the amount of
ground deformation and identify
regions at danger of landslides and
other hazards during earthquakes.
Radar data, which may be used to
quantify ground deformation and
optical data, which can be used to
determine land cover and vegetation
types, are both useful for earthquake
mapping (Saed et.al 2022). The
Interferometric Synthetic Aperture
Radar (InSAR) technique, which can
be used to measure ground
deformation and the Normalized
Difference Vegetation Index
(NDVI), which can be used to
identify

identify areas with vegetation loss,
which may indicate landslides, are
both indicators that can be used for
earthquake mapping (Hakim and Lee
2020; Bernardi et.al 2021).
Wildfires: Remote sensing data may
be used to map the breadth and
severity of wildfires, identify regions
at danger of fire and track the
evolution of flames over time.
Thermal data, which may be used to
detect heat signatures associated
with fires and optical data, which
can be used to identify land cover
and vegetation types, are examples
of data that can be used for wildfire
mapping (Kasyap et.al 2022 and
Allison et.al 2016).
As a result, remote sensing data can
give useful information for majority
of catastrophes and assist in reaction
and recovery efforts. By offering
access to modern technology that
can detect and anticipate the
possibility of natural catastrophes,
digital globalisation can play a
crucial role in early warning systems
for disaster management (Trogrlić
et.al 2022).
Nature-based Solutions (NbS):
Disaster preparedness and resilience-
building are supported by nature.
Nature is the foundation of human
health. It feeds us, gives us shelter,
controls our weather patterns,
stimulates our economic growth and
protects us from disasters. Nature
offers significant solutions to the
climate dilemma as we prepare for a
world of increased danger and
unpredictability brought on by
climate change. Even though we are
aware of how important nature is,
we also understand that we are
losing

https://link.springer.com/chapter/10.1007/978-3-030-98989-7_2#auth-Robert-_aki__Trogrli_
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losing it at a rate that is unheard of
in human history. One of the best
choices we can make to safeguard
our future and accomplish the
sustainable development goals is to
invest in ecosystem-based solutions
to the global crisis. Efforts should be
taken to engage women and ensure
that their perspectives are heard
because they play a crucial role in
protecting natural resources and
fostering positive change (ESCAP
2021). Building with Nature (BwN)
is a Nature-Based Solution in the
urban setting – with cities housing
more than half of the world's
population, cities require innovative
solutions to address climate-related
concerns (E. van Eekelen et.al
2022).
Nature improves mental health and
can aid in our defence against
potential pandemics. By lowering
stress, the impact of the urban heat
island and pollution, as well as by
supplying room for exercise, green
spaces can lower the risk of
cardiovascular disease. As
ecosystems deteriorate, natural
resources that are essential for
controlling disease spread are lost.
To improve our capacity to defend
against and adjust to the effects of
climate change and disasters, we can
work with nature rather than against
it. In the case of the COVID-19
pandemic, for instance, globalization
can be regarded as the result of a
series of choices that result in a
degree of interconnection that
encourages the spread of viruses
(Plowright et.al 2021).
Environmental deterioration, human 

disaster risk include: green and blue
infrastructure, forest and wetland
restoration, climate wise
agriculture/agroforestry and urban
greening. These are ecosystem-based
strategies to lessen the effects of
disasters and climate change and can
be used in conjunction with early
warning systems or ‘grey
infrastructure’ like sea walls. Trees,
grassy areas, hedgerows, parks, open
spaces, and forests are all examples
of ‘green infrastructure’. Water
features such as wetlands,
floodplains, rivers, canals, ponds and
water treatment facilities are referred
to as ‘blue infrastructure’. Urban and
land-use planning are the sources of
these phrases. Engineered or
developed infrastructure is referred
to as grey infrastructure. In addition
to blue infrastructure, which imitates
natural systems by blending natural
and artificial structures or by using
artificial materials, ‘hybrid’
infrastructure includes both green
and grey techniques. NbS integrate
environmental management
approaches with measures to
mitigate disaster and climate
consequences, such as early warning
systems or climate smart agriculture
(Trogrlić et.al 2022).
Ecosystem-based DRR (Eco-DRR)
includes both pre-disaster (early
warning and preparedness) and post-
disaster (relief, recovery and
reconstruction). An emphasis on
mitigating the effects of all natural
disasters within a reasonable time
frame. Climate Change Adaptation
(CCA) entails decreasing climate
risks, responding to climate impacts,
developing climate smart agriculture 

expansion into wild regions and the
choice to hunt and eat wild animals
are all contributing factors (WWF
2020). According to World Health
Organisation (WHO), in the last 10
years, floods, droughts, tropical
cyclones, heat waves and severe
storms have been responsible for 80-
90% of all known disasters caused
by natural disaster. 40% of the
world's population suffers from
water scarcity and by 2030, 700
million people could be at risk of
being displaced due to drought.
Extensive reforestation and soil
restoration are two examples of
ecosystem-based strategies to
improve carbon storage in vegetation
and soils. Climate mitigation
includes among others mature trees
purifying the air every year by
absorbing 22 kg of carbon dioxide
(CO2) and exchanging it for oxygen
(O2) (The European Union 2012).
The largest source of organic carbon
is found in peatlands, which store
0.37 gigatonnes of carbon dioxide
annually on a surface area of more
than 3 million km2 (IUCN 2021).
Blue Carbon is a global initiative to
promote the conservation and
restoration of coastal and marine
ecosystems such as mangroves,
seagrass and salt marshes in order to
reduce the risk of coastal disasters
such as storms and sea level rise. 
 More carbon is stored in these
ecosystems per unit than in
terrestrial forests. CO2 is released
into the atmosphere by destroying
these ecosystems (The Blue Carbon
Initiative). Some examples of
nature-based solutions are ecological
restoration that can be used to reduce 
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https://www.urbanet.info/author/e-van-eekelen-m-bouw-r-brolsma-and-h-wieringa/
https://link.springer.com/chapter/10.1007/978-3-030-98989-7_2#auth-Robert-_aki__Trogrli_
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and alternative livelihood options
and focusing on reducing the long-
term impacts of climate-related
hazards. Ecosystem-based
Adaptation (EbA) refers to the
utilization of biodiversity and
ecosystem services as part of a
broader adaptation strategy to assist
people in adapting to the adverse
consequences of climate change.
Nature-based solutions can be
integrated with DRR and CCA
initiatives to achieve more
sustainable climate and catastrophe
risk prevention and response.

Community Level Preparedness:
Communities may become more
aware of and sensitive to Early
Warning Systems in a variety of
ways:
1. They can participate in disaster
preparedness efforts and community
outreach. These programmes can
assist in educating people on the
sorts of catastrophes that are likely
to occur in their area, as well as how
to respond to them. It is critical to
educate the community about the
early warning system and disaster
response procedures.
2. Use the resources that are
available to them. Many towns have
access to emergency alert systems
that can offer early warnings of
disastrous calamities, such as toll
free phone calls or SMS
notifications, sirens, text messages
and public address systems etc.
These methods can be a useful
approach to keep informed and
protected.
3. Communication networks: A
dependable communication network
is

is required for the transmission of
early warning messages to the
appropriate authorities and the
community. Phone and radio
networks, as well as social media
and other internet platforms.
4. Regular update on weather trends
and other environmental issues that
may impact the location.
5. Communities should be
encouraged to participate in disaster-
simulation drills and exercises.
These will assist community in
becoming more acquainted with
evacuation routes and other
emergency procedures. Community
members can learn about the dangers
they face and how to prepare for
catastrophes by participating in
training and exercises offered by
local government or non-profit
groups.
6. Educate about disaster
preparedness. Promote awareness
and boost readiness in community
by sharing knowledge and
experiences with others.
7. Preparation of emergency kit: In
the event of a disaster, villagers can
prepare an emergency kit with basic
supplies such as water, food, first aid
materials and a flashlight.
8. Emergency response plan: During
the disaster, an effective early
warning system should be
complemented with an emergency
response plan outlining the
procedures to be done. This might
involve things like evacuating the
impacted region, providing
emergency shelter and supplies and
coordinating with rescue personnels.
9. Develop an evacuation plan: It is
critical for communities to have an 

evacuation strategy in place in the
event of a disaster. This should
contain a predetermined meeting
location as well as a strategy for
getting there.
10. Sensors: Sensors can detect the
presence of smoke or high
temperatures, both of which can
signal the existence of a fire. These
sensors can be fitted on drones or
put in key areas such as observation
towers. Flood forecasting is the use
of meteorological data, hydrological
models, and other information to
estimate the possibility and
magnitude of floods. Flood
monitoring is gathering data from
sensors and other sources to track
the present and potential effects of
floods.
11. Build disaster-resistant homes:
Villagers can collaborate with local
government and non-profit groups to
construct disaster-resistant houses
using natural solutions.
12. Planting trees and protecting
forests can assist to lessen the danger
of landslides and soil erosion.
Members of the community can
work together to conserve and grow
trees in their neighbourhood.
13. Promote sustainable agriculture
practises: Terracing and the adoption
of drought-resistant crops, for
example, can help lower the danger
of disasters such as droughts and
floods.

Conclusion:

To reduce disaster risk in developing
nations, governments must invest in
disaster prevention and preparedness
measures such as construction rules,
early warning systems and
emergency
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emergency response plans.
Furthermore, International aid
organisations and donor nations can
offer financial and technical
assistance to developing countries in
order to assist them in building their
ability to prepare for and respond to
catastrophes. The importance of
interinstitutional, interdisciplinary
and collaborative work;
understanding interconnectivity
between actions; the significance of
community engagement and its
connection within the processes;
generating employment and building
local capacities; the need for
continuity and sustainability; and
other key knowledge are some of the
findings. Sustainable living can
assist to safeguard the environment
and mitigate the effects of natural
catastrophes. Here are some
examples of how living sustainably
might help:
1. Reduced energy consumption and
increased reliance on renewable
energy sources can help alleviate the
consequences of climate change,
which can increase the frequency
and severity of natural catastrophes
like hurricanes, floods and drought.
2. Natural cleaning solutions and
composting, for example, can help
minimise pollution and safeguard
water and air quality, which can be
harmed by disasters such as oil spills
and chemical mishaps.
3. Sustainable agriculture and local
food systems can help lessen the
impact of catastrophes on food
production and supply networks.
4. Protecting and protecting natural
habitats and ecosystems can help
decrease the impact of catastrophes
on

on animals and biodiversity.
5. Adopting a more sustainable
lifestyle can also help minimise trash
and the demand on landfills and
other waste management systems,
which can become overburdened by
catastrophe material.
6. Reduce consumption: Try to
reduce your total resource
consumption and waste by
purchasing items created from
sustainable materials with little
packaging.
7. Use resources efficiently: Look
for methods to utilise resources more
efficiently, such as turning off lights
and appliances when not in use,
purchasing energy-efficient items
and saving water.
8. Encourage sustainable practices:
Choose organic, locally grown or
fair trade items and services that are
produced in a sustainable manner.
9. Conserve natural resources:
Protect natural resources by donating
to organisations that aim to maintain
land, water and biodiversity and by
taking part in activities that aid in
the preservation of natural
environments.
10. Be Prepared for natural disasters:
Create an emergency plan and stock
up on supplies to prepare for
disasters such as floods, earthquakes
and hurricanes.
Adopting these concepts and making
tiny adjustments in everyday life
will help live a more sustainable and
ecologically responsible existence.
By living sustainably, we can not
only conserve the environment but
also make our communities more
resilient to the effects of calamities.
A holistic approach to living a
sustainable

sustainable lifestyle entails taking
into account the environmental,
social and economic consequences
of one's activities and attempting to
live in a way that is both
ecologically responsible and
personally gratifying. Nature-based
solutions (NbS) can help
communities achieve the SDGs by
delivering many advantages and
contributing to their long-term
development. Green, blue & grey
NbS infrastructures include
environmental management
principles at the core, which can be
paired with policies that expressly
mitigate catastrophe and climate
change consequences. NbS have the
potential to deliver a variety of
advantages for catastrophe risk
reduction, including Reducing
disaster impacts, Enhancing
community resilience, Cost-
effectiveness and Sustainability. 

References :

Allison, R.S.; Johnston, J.M.; Craig,
G.; Jennings, S. Airborne Optical and
Thermal Remote Sensing for Wildfire
Detection and Monitoring. Sensors
2016, 16, 1310.
https://doi.org/10.3390/s16081310

AghaKouchak, A., Farahmand, A.,
Melton, F. S., Teixeira, J., Anderson,
M. C., Wardlow, B. D., and Hain, C.
R. (2015), Remote sensing of drought:
Progress, challenges and
opportunities, Rev. Geophys., 53,
452– 480.
doi:10.1002/2014RG000456.

About BLUE CARBON
https://www.thebluecarboninitiative.or
g/about-blue-carbon

https://www.google.com/url?q=https://doi.org/10.1080/21553769.2014.933716&sa=D&source=docs&ust=1676980300313600&usg=AOvVaw2bbYGFTt7RIBbc1dcH0Tf_
https://www.google.com/url?q=https://doi.org/10.1080/21553769.2014.933716&sa=D&source=docs&ust=1676980300313600&usg=AOvVaw2bbYGFTt7RIBbc1dcH0Tf_
https://www.google.com/url?q=https://www.thebluecarboninitiative.org/about-blue-carbon&sa=D&source=docs&ust=1676980300347927&usg=AOvVaw2hFG4Uk43UBbht5PXjpeJ_


Anusha N and Bharathi B. Flood
detection and flood mapping using
multi-temporal synthetic aperture radar
and optical data. Egypt. J. Remote
Sensing Space Sci. 23 (2020) 207–219
https://doi.org/10.1016/j.ejrs.2019.01.00
1

ADB (2013) The rise of natural disasters
in Asia and the Pacific: Learning from
ADB’s experience, Mandaluyong City,
Philippines: Asian Development Bank,
2013.
https://www.adb.org/sites/default/files/e
valuation-document/36114/files/rise-
natural-disasters-asia-pacific.pdf

Anusheema Chakraborty & P.K. Joshi
(2014) Mapping disaster vulnerability in
India using analytical hierarchy process,
Geomatics, Natural Hazards and Risk,
Volume 7, 2016 - Issue 1.
https://doi.org/10.1080/19475705.2014.
897656

Bernardi, M.S., Africa, P.C., de Falco,
C., Formaggia, L., Menafoglio, A., &
Vantini, S., On the Use of
Interferometric Synthetic Aperture
Radar Data for Monitoring and
Forecasting Natural Hazards. Math
Geosci 53, 1781–1812 (2021).
https://doi.org/10.1007/s11004-021-
09948-8

Chu E.W. and Karr J.R (2016)
Environmental Impact: Concept,
Consequences, Measurement. Elsevier
Public Health Emergency Collection
PMC7157458, Reference Module in
Life Sciences. 2017 : B978-0-12-
809633-8.02380-3. doi: 10.1016/B978-
0-12-809633-8.02380-3

Connect with the Partnership for
Environment and Disaster Risk
Reduction (PEDRR) :
https://pedrr.org/connect-and-
network/asia-pacific/

Connect with the Global Adaptation
Network (GAN) :
https://www.unep.org/gan/node/11

Cardona, O.D., M.K. van Aalst, J.
Birkmann, M. Fordham, G. McGregor,
R. Perez, R.S. Pulwarty, E.L.F.
Schipper, and B.T. Sinh, 2012:
Determinants of risk: exposure and
vulnerability. In: Managing the Risks of
Extreme Events and Disasters to
Advance Climate Change Adaptation
[Field, C.B., V. Barros, T.F. Stocker, D.
Qin, D.J. Dokken, K.L. Ebi, M.D.
Mastrandrea, K.J. Mach, G.-K. Plattner,
S.K. Allen, M. Tignor, and P.M.
Midgley (eds.)]. A Special Report of
Working Groups I and II of the
Intergovernmental Panel on Climate
Change (IPCC). Cambridge University
Press, Cambridge, UK, and New York,
NY, USA, pp. 65-108.
https://www.ipcc.ch/site/assets/uploads/
2018/03/SREX-Chap2_FINAL-1.pdf

Crocetti, L., Forkel, M., Fischer, M.
Jurečka, F., Grlj, A., Salentinig, A.,
Trnka, M., Anderson, M., Wai-Tim, N.,
Kokalj, Ž., Bucur, A. & Dorigo, W.
Earth Observation for agricultural
drought monitoring in the Pannonian
Basin (southeastern Europe): current
state and future directions. Reg Environ
Change 20, 123 (2020).
https://doi.org/10.1007/s10113-020-
01710-w

Das AC, Shahriar SA, Chowdhury MA,
Hossain ML, Mahmud S, Tusar MK,
Ahmed R, Salam MA. (2023)
Assessment of remote sensing-based
indices for drought monitoring in the
north-western region of Bangladesh.
Heliyon. 2023 Jan 21; 9(2) : e13016.
doi: 10.1016/j.heliyon.2023.e13016.
PMID: 36755601; PMCID:
PMC9900510.

EM-DAT: https://www.emdat.be/
https://www.emdat.be/Glossary 

EM-DAT: The Emergency Events
Database—Université catholique de
Louvain (UCL)—CRED, D. Guha-Sapir
—www.emdat.be, Brussels, Belgium

European Commission Joint Research
Centre : Analysis of Natech (Natural
Hazard Triggering Technological
Disasters) Disaster Management
NEDIES Workshop Proceedings Ispra,
Italy, 20 – 21 October 2003. EUR 2 1 0
5 4 EN.
https://www.preventionweb.net/files/1607_L
BNA21054ENC002.pdf

ESCAP 2021, Resilience in a Riskier
World - Managing Systematic Risks
from Biological and other Natural
Hazards -Asia-Pacific Disaster Report
2021. The Economic and Social
Commission for Asia and the Pacific
(ESCAP secretariat) 
https://www.unescap.org/sites/default/d8files
/knowledge-products/Asia-
Pacific%20Disaster%20Report%202021_ful
l%20version_0.pdf

Erik van Eekelen, Matthijs Bouw,
Reinder Brolsma and Harro Wieringa
(2022) Building with Nature in Urban
Contexts – Chances and Challenges of
Nature-based Solutions. SPOTLIGHT
ON: NATURE-BASED SOLUTIONS
by URBANET
https://www.urbanet.info/building-with-
nature-urban-contexts/

FAO. 2021. The impact of disasters and
crises on agriculture and food security:
2021. Food and Agriculture
Organization of the United Nations,
Rome. https://doi.org/10.4060/cb3673en

G20 Secretariat, Ministry of External
Affairs (MEA), Government of India.
Sherpa Track: DRR Working Group
2023.
https://www.g20.org/en/workstreams/sherpa-
track/#:~:text=A%20new%20working%20gr
oup%20on,practices%20on%20disaster%20
risk%20reduction.

22Disaster

EIACP: Geodiversity and Impact on Environment
Vol.27 (4)

 eISSN: 0974 - 1356
pISSN : 0974 - 1364

https://www.google.com/url?q=https://doi.org/10.3390/rs14246374&sa=D&source=docs&ust=1677134426142906&usg=AOvVaw3TdVVRHRDyzkwdmmUyVux2
https://www.google.com/url?q=https://www.adb.org/sites/default/files/evaluation-document/36114/files/rise-natural-disasters-asia-pacific.pdf&sa=D&source=docs&ust=1676980300334917&usg=AOvVaw3fKXfQDzLn_LfW_I-dqo1J
https://www.google.com/url?q=https://doi.org/10.1080/19475705.2014.897656&sa=D&source=docs&ust=1676980300338567&usg=AOvVaw1XwDDj1yVUAQFVO_jY3-u6
https://link.springer.com/article/10.1007/s11004-021-09948-8#auth-Luca-Formaggia
https://link.springer.com/article/10.1007/s11004-021-09948-8#auth-Alessandra-Menafoglio
https://link.springer.com/article/10.1007/s11004-021-09948-8#auth-Simone-Vantini
https://www.google.com/url?q=https://www.ipcc.ch/site/assets/uploads/2018/03/SREX-Chap2_FINAL-1.pdf&sa=D&source=docs&ust=1676980300320103&usg=AOvVaw3D8RC_iiq_ZGYv0Pznq9_G
https://www.google.com/url?q=https://doi.org/10.3390/rs14246374&sa=D&source=docs&ust=1677134426142906&usg=AOvVaw3TdVVRHRDyzkwdmmUyVux2
https://www.google.com/url?q=https://doi.org/10.3390/rs14246374&sa=D&source=docs&ust=1677134426142906&usg=AOvVaw3TdVVRHRDyzkwdmmUyVux2
https://www.google.com/url?q=https://doi.org/10.3390/rs14246374&sa=D&source=docs&ust=1677134426142906&usg=AOvVaw3TdVVRHRDyzkwdmmUyVux2
https://www.google.com/url?q=https://doi.org/10.3390/rs14246374&sa=D&source=docs&ust=1677134426142906&usg=AOvVaw3TdVVRHRDyzkwdmmUyVux2
https://www.emdat.be/
https://www.emdat.be/Glossary
https://www.google.com/url?q=http://www.emdat.be&sa=D&source=docs&ust=1676980300323467&usg=AOvVaw3uE1g_ZXJtwfcmx6e2pUKu
https://www.google.com/url?q=https://www.unescap.org/sites/default/d8files/knowledge-products/Asia-Pacific%2520Disaster%2520Report%25202021_full%2520version_0.pdf&sa=D&source=docs&ust=1676980300329270&usg=AOvVaw17RLMPSD5_x4_hZ4oL4lU9
https://www.google.com/url?q=https://www.urbanet.info/building-with-nature-urban-contexts/&sa=D&source=docs&ust=1676980300302907&usg=AOvVaw0jZrDVe-O8JgCbLkuZiHp4
https://www.google.com/url?q=https://doi.org/10.4060/cb3673en&sa=D&source=docs&ust=1676980300331416&usg=AOvVaw3ASawJQxfxTje_stLDac_M


Hakim, W. L. and Lee, C.-W. (2020) “A
Review on Remote Sensing and GIS
Applications to Monitor Natural
Disasters in Indonesia,” Korean Journal
of Remote Sensing. 대한원격탐사학회,
36(6_1), pp. 1303–1322. doi:
10.7780/KJRS.2020.36.6.1.3.

IPCC - Land Degradation (Chapter - 4)
SPECIAL REPORT: SPECIAL
REPORT ON CLIMATE CHANGE
AND LAND. 
https://www.ipcc.ch/srccl/chapter/chapt
er-4/

IUCN (International Union for
Conservation of Nature) ISSUES
BRIEF Peatlands and climate change,
November 2021
https://www.iucn.org/resources/issues-
brief/peatlands-and-climate-change

IPBES (2019): Global assessment report
on biodiversity and ecosystem services
of the Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem
Services,  E. S. Brondizio, J. Settele, S.
Díaz, and H. T. Ngo (editors). IPBES
secretariat, Bonn, Germany. 1148 pages. 
https://doi.org/10.5281/zenodo.3831673

IPCC, 2012: Managing the Risks of
Extreme Events and Disasters to
Advance Climate Change Adaptation. A
Special Report of Working Groups I and
II of the Intergovernmental Panel on
Climate Change [Field, C.B., V. Barros,
T.F. Stocker, D. Qin, D.J. Dokken, K.L.
Ebi, M.D. Mastrandrea, K.J. Mach, G.-
K. Plattner, S.K. Allen, M. Tignor, and
P.M. Midgley (eds.)]. Cambridge
University Press, Cambridge, UK, and
New York, NY, USA, 582 pp
https://www.ipcc.ch/site/assets/uploads/
2018/03/SREX_Full_Report-1.pdf

Klemas, V., 2015. Remote sensing of
floods and flood-prone areas: An
overview

overview. J. of Coastal Research, 31(4)
:1005-1013 (2015).
https://doi.org/10.2112/JCOASTRES-D-
14-00160.1

Kasyap VL, Sumathi D, Alluri K, Reddy
Ch P, Thilakarathne N, Shafi RM. Early
Detection of Forest Fire Using Mixed
Learning Techniques and UAV. Comput
Intell Neurosci. 2022 Jul
9;2022:3170244. doi:
10.1155/2022/3170244. PMID:
35855796; PMCID: PMC9288339.

Managing Disaster Risks for Resilient
Development
https://www.worldbank.org/en/results/2
013/04/12/managing-disaster-risks-
resilient-development

Mimura, N., R.S. Pulwarty, D.M. Duc, I.
Elshinnawy, M.H. Redsteer, H.Q.
Huang, J.N. Nkem, and R.A. Sanchez
Rodriguez, 2014:Adaptation planning
and implementation. In: Climate Change
2014: Impacts,Adaptation, and
Vulnerability. Part A: Global and
Sectoral Aspects. Contribution of
Working Group II to the Fifth
Assessment Report of the
Intergovernmental Panel on Climate
Change [Field, C.B., V.R. Barros, D.J.
Dokken, K.J. Mach, M.D. Mastrandrea,
T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O.
Estrada, R.C. Genova, B. Girma, E.S.
Kissel, A.N. Levy, S. MacCracken, P.R.
Mastrandrea, and L.L.White (eds.)].
Cambridge University Press,
Cambridge, United Kingdom and New
York, NY, USA, pp. 869-898.

NAFCC portfolio highlights in India,
https://www.nabard.org/auth/writereadd
ata/File/nafcc-portfolio-highlights.pdf

NATIONAL ADAPTATION FUND
FOR CLIMATE CHANGE (NAFCC): 

https://www.nabard.org/content.aspx?
id=585#:~:text=The%20National%20A
daptation%20Fund%20for,adverse%20
effects%20of%20climate%20change. 

Nitasha Khatri and Sanjiv Tyagi (2014)
Influences of natural and anthropogenic
factors on surface and groundwater
quality in rural and urban areas.
Frontiers in Life Sciences, Volume 8,
2015 - Issue 1.
https://doi.org/10.1080/21553769.2014.
933716

Nobuo MIMURA (2013) Sea-level rise
caused by climate change and its
implications for society, Proc Jpn Acad
Ser B Phys Biol Sci. 2013 Jul 25; 89(7):
281–301. doi: 10.2183/pjab.89.281

NDMA (2020) Compendium of Task
Force Report on NDMA Guidelines
Management of Glacial Lake Outburst
Floods (GLOFs). A Publication of the
National Disaster Management
Authority, Government of India.
October 2020, New Delhi.
https://nidm.gov.in/PDF/pubs/NDMA/29
.pdf

OECD (2015), Disaster Risk Financing:
A global survey of practices and
challenges, OECD Publishing, Paris.
http://dx.doi.org/10.1787/978926423424
6-en

Reef Resilience Network 'Impact on
Marine Life' :
https://reefresilience.org/management-
strategies/wastewater-pollution/impacts-
on-marine-life/

Rhett A. Butler (2019) Consequences of
Deforestation, MONGABAY.
https://rainforests.mongabay.com/09-
consequences-of-deforestation.html

23Disaster

EIACP: Geodiversity and Impact on Environment
Vol.27 (4)

 eISSN: 0974 - 1356
pISSN : 0974 - 1364

https://www.google.com/url?q=https://www.ipcc.ch/srccl/chapter/chapter-4/&sa=D&source=docs&ust=1676980300220611&usg=AOvVaw0UEmSWrPv2Qm2X3370-NUm
https://www.google.com/url?q=https://www.iucn.org/resources/issues-brief/peatlands-and-climate-change&sa=D&source=docs&ust=1676980300347470&usg=AOvVaw0cBLp_98CHC53-_DrO-c9R
https://www.google.com/url?q=https://doi.org/10.5281/zenodo.3831673&sa=D&source=docs&ust=1676980300307529&usg=AOvVaw2aAW2b_fRsYr5XndFZ4qZL
https://www.google.com/url?q=https://doi.org/10.5281/zenodo.3831673&sa=D&source=docs&ust=1676980300307529&usg=AOvVaw2aAW2b_fRsYr5XndFZ4qZL
https://www.google.com/url?q=https://doi.org/10.5281/zenodo.3831673&sa=D&source=docs&ust=1676980300307529&usg=AOvVaw2aAW2b_fRsYr5XndFZ4qZL
https://www.google.com/url?q=https://doi.org/10.3390/rs14246374&sa=D&source=docs&ust=1677134426142906&usg=AOvVaw3TdVVRHRDyzkwdmmUyVux2
https://www.google.com/url?q=https://doi.org/10.3390/rs14246374&sa=D&source=docs&ust=1677134426142906&usg=AOvVaw3TdVVRHRDyzkwdmmUyVux2
https://www.google.com/url?q=https://www.worldbank.org/en/results/2013/04/12/managing-disaster-risks-resilient-development&sa=D&source=docs&ust=1676980300320920&usg=AOvVaw0QIJ79Sn23EMstq_05dY7c
https://www.google.com/url?q=https://www.nabard.org/auth/writereaddata/File/nafcc-portfolio-highlights.pdf&sa=D&source=docs&ust=1676980300341438&usg=AOvVaw0GgRKKusc0LEhtnzRZpNhX
https://www.google.com/url?q=https://www.nabard.org/content.aspx?id%3D585%23:~:text%3DThe%2520National%2520Adaptation%2520Fund%2520for,adverse%2520effects%2520of%2520climate%2520change&sa=D&source=docs&ust=1676980300341499&usg=AOvVaw18b7QWAJKJr_rzVn-utbMf
https://www.google.com/url?q=https://doi.org/10.3390/rs14246374&sa=D&source=docs&ust=1677134426142906&usg=AOvVaw3TdVVRHRDyzkwdmmUyVux2
https://www.google.com/url?q=https://doi.org/10.3390/rs14246374&sa=D&source=docs&ust=1677134426142906&usg=AOvVaw3TdVVRHRDyzkwdmmUyVux2
https://www.google.com/url?q=http://dx.doi.org/10.1787/9789264234246-en&sa=D&source=docs&ust=1676980300332138&usg=AOvVaw1pJPIl-67uM0UycMZ3sX7c
https://www.google.com/url?q=https://reefresilience.org/management-strategies/wastewater-pollution/impacts-on-marine-life/&sa=D&source=docs&ust=1676980300215663&usg=AOvVaw16fpV3GK3TR9nVLL5YIab0
https://www.google.com/url?q=https://rainforests.mongabay.com/09-consequences-of-deforestation.html&sa=D&source=docs&ust=1676980300316802&usg=AOvVaw3rcTQjlp5R9zIwx-U6nW8y


Robert Šakić Trogrlić, Marc van den
Homberg, Mirianna Budimir, Colin
McQuistan, Alison Sneddon & Brian
Golding (2022) Early Warning Systems
and Their Role in Disaster Risk
Reduction, Towards the “Perfect”
Weather Warning, pp 11–46.
https://link.springer.com/chapter/10.100
7/978-3-030-98989-7_2

Ramesh Ananda Vaidya, Mandira Singh
Shrestha, Nusrat Nasab, Deo Raj
Gurung, Nagami Kozo, Neera Shrestha
Pradhan & Robert James Wasson
(2019) Disaster Risk Reduction and
Building Resilience in the Hindu Kush
Himalaya, The Hindu Kush Himalaya
Assessment pp 389–419.
https://link.springer.com/chapter/10.100
7/978-3-319-92288-1_11

Raina K Plowright, Jamie K Reaser,
Harvey Locke, Stephen J Woodley, Prof
Jonathan A Patz, Daniel J Becker,
Gabriel Oppler, Prof Peter J Hudson
and Gary M Tabor (2021) Land use-
induced spillover: a call to action to
safeguard environmental, animal, and
human health. Planetary Health - The
Lancet, VOLUME 5, ISSUE 4.
DOI:https://doi.org/10.1016/S2542-
5196(21)00031-0

Sentient Media 2021 'Overfishing Was
Bad for Marine Life. Now It’s Getting
Worse', by: Calen Otto.
https://sentientmedia.org/how-does-
overfishing-affect-the-environment/

Satendra and Kaushik, A.D. (2014):
Forest Fire Diaster Management.
National Institute of Disaster
Management, Ministry of Home Affairs,
New Delhi.
https://nidm.gov.in/pdf/pubs/forest%20f
ire.pdf

Sendai Framework for Disaster Risk
Reduction 2015 - 2030. United Nations 
 UN

(UN). United Nations Office for
Disaster Risk Reduction (UNDRR)
https://www.preventionweb.net/files/43291_s
endaiframeworkfordrren.pdf

Salem A, Hashemi-Beni L. Inundated
Vegetation Mapping Using SAR Data:
A Comparison of Polarization
Configurations of UAVSAR L-Band
and Sentinel C-Band. Remote Sensing.
2022; 14(24):6374.
https://doi.org/10.3390/rs14246374

Saed, F.G., Noori, A.M., Kalantar, B.,
Qader, W.M. and Ueda, N. Earthquake-
Induced Ground Deformation
Assessment via Sentinel-1 Radar Aided
at Darbandikhan Town, Special Issue :
Emerging Trends in Sensor Technology
for Natural Hazard Management,
Journal of Sensors (2022) Article ID
2020069.
https://doi.org/10.1155/2022/2020069

Sustainable Development Goals
(SDGs): Report of the Secretary-
General on SDG Progress 2019 Special
Edition. United Nations, New York
2019.
https://sustainabledevelopment.un.org/conte
nt/documents/24978Report_of_the_SG_on_S
DG_Progress_2019.pdf

Trees help tackle climate change 2012,
European Environment Agency, The
European Union.
https://www.eea.europa.eu/articles/fores
ts-health-and-climate-change/key-
facts/trees-help-tackle-climate-change

Turkey-Syria earthquake live: Mother,
children rescued in Antakya.
https://www.aljazeera.com/news/liveblo
g/2023/2/16/turkey-syria-earthquake-
live

UNDRR Annual report 2020 - United
Nations Office for Disaster Risk
Reduction.
https://www.undrr.org/publication/undrr-
annual-report-2020

UNDRR, Review of COVID-19
Disaster Risk Governance in Asia-
Pacific: Towards Multi-Hazard and
Multi-Sectoral Disaster Risk Reduction
(Geneva, UNDRR, 2020). 
Available at-
https://www.undrr.org/publication/review-
covid-19-disaster-risk-governance-asia-
pacific-towards-multi-hazard-and-multi

United Nations Environment
Programme (2021). Guidelines for
Integrating Ecosystem-based Adaptation
into National Adaptation Plans:
Supplement to the UNFCCC NAP
Technical Guidelines. Nairobi. 
https://www.globalsupportprogramme.org/si
tes/default/files/resources/eba_nap_3.pdf

Vinod Thomas and Ramón López
(2015) Global Increase In ClImate-
Related Disasters, ADB Economics
working paper series. ASIAN
DEVELOPMENT BANK
https://www.adb.org/sites/default/files/p
ublication/176899/ewp-466.pdf

WWF (2020) Living Planet Report 2020
- Bending the curve of biodiversity loss.
by - Almond, R.E.A., Grooten M. and
Petersen, T. (Eds). World Wide Fund for
Nature (WWF), Gland, Switzerland. 
https://www.zsl.org/sites/default/files/LPR%
202020%20Full%20report.pdf

World Meteorological Organization
(WMO), Weather-related disasters
increase over past 50 years, causing
more damage but fewer deaths. 2021.
https://public.wmo.int/en/media/press-
release/weather-related-disasters-increase-
over-past-50-years-causing-more-damage-
fewer

World Health Organisation (WHO) :
Droughts. 
https://www.who.int/health-topics/drought?
gclid=Cj0KCQjwtsCgBhDEARIsAE7RYh3O
ursn7RblMZL6Ca9gvZUPxR6HxfV-
jua7bQtSNpqmWfTXfrtmZZIaAgwrEALw_w
cB#tab=tab_1

********

EIACP: Geodiversity and Impact on Environment
Vol.27 (4)

 eISSN: 0974 - 1356
pISSN : 0974 - 1364

24Disaster

https://www.google.com/url?q=https://link.springer.com/chapter/10.1007/978-3-030-98989-7_2&sa=D&source=docs&ust=1676980300322448&usg=AOvVaw3Lvp_z4wPRGQQxuYMPZI1S
https://www.google.com/url?q=https://link.springer.com/chapter/10.1007/978-3-319-92288-1_11&sa=D&source=docs&ust=1676980300325172&usg=AOvVaw2NtOf6QCapjPVohq5TQzfk
https://www.google.com/url?q=https://doi.org/10.3390/rs14246374&sa=D&source=docs&ust=1677134426142906&usg=AOvVaw3TdVVRHRDyzkwdmmUyVux2
https://www.google.com/url?q=https://nidm.gov.in/pdf/pubs/forest%2520fire.pdf&sa=D&source=docs&ust=1676980300336021&usg=AOvVaw2SeUZwF0qn7cFI0ee4eESt
https://www.google.com/url?q=https://doi.org/10.3390/rs14246374&sa=D&source=docs&ust=1677134426142906&usg=AOvVaw3TdVVRHRDyzkwdmmUyVux2
https://www.google.com/url?q=https://doi.org/10.3390/rs14246374&sa=D&source=docs&ust=1677134426142906&usg=AOvVaw3TdVVRHRDyzkwdmmUyVux2
https://doi.org/10.1155/2022/2020069
https://www.google.com/url?q=https://www.eea.europa.eu/articles/forests-health-and-climate-change/key-facts/trees-help-tackle-climate-change&sa=D&source=docs&ust=1676980300346487&usg=AOvVaw3cl9m-8SaOB1f01A-qySym
https://www.google.com/url?q=https://doi.org/10.3390/rs14246374&sa=D&source=docs&ust=1677134426142906&usg=AOvVaw3TdVVRHRDyzkwdmmUyVux2
https://www.google.com/url?q=https://doi.org/10.3390/rs14246374&sa=D&source=docs&ust=1677134426142906&usg=AOvVaw3TdVVRHRDyzkwdmmUyVux2
https://www.google.com/url?q=https://doi.org/10.3390/rs14246374&sa=D&source=docs&ust=1677134426142906&usg=AOvVaw3TdVVRHRDyzkwdmmUyVux2
https://www.google.com/url?q=https://www.globalsupportprogramme.org/sites/default/files/resources/eba_nap_3.pdf&sa=D&source=docs&ust=1676980300340010&usg=AOvVaw0O6yImhwNfhPQY4iyuUvd9
https://www.google.com/url?q=https://www.adb.org/sites/default/files/publication/176899/ewp-466.pdf&sa=D&source=docs&ust=1676980300330489&usg=AOvVaw3Ylu_ulJK1QGxig5jbzLYZ
https://www.google.com/url?q=https://www.zsl.org/sites/default/files/LPR%25202020%2520Full%2520report.pdf&sa=D&source=docs&ust=1676980300304278&usg=AOvVaw3z4yf3tH3C_kPFbkbdHwSI


25

now covered hilly regions of
the world are commonly
related with vast range of
hydrological hazards such as

floods, and debris flows etc. (Korup
and Clague, 2009). Snow avalanche is
a frequent release of large snowpack
mass with an extremely high
impactful force sometimes carrying
debris such as rocks, soil and
vegetation (Viviana & Christian,
2019).
In India, snow avalanche, a natural
hazard usually experienced at high
altitude regions of North-West and
North-East Himalayan terrain such as
Kumaon, Garhwal, Himachal
Pradesh, Kashmir, Sikkim during the
late winter season when the snow
starts melting. As the human
population grew rapidly in the hilly or
mountainous areas, human
settlements and construction activities
such as roads, dams, tunnels, water
reservoirs, towers and other public
utilities had increased which created
disturbance in the Himalayan regions
(National Disaster Management
Guidelines, 2009). These disturbances
in the ecosystem of Himalayan
regions increases the chances of
hazards or disasters such as
landslides, rockfalls and snow
avalanches

S

Abstract
Due to rapid urbanization, human
population increasing day by day.
Human settlements and construction
activities in hilly or mountainous
regions results in desertification of
existing forest cover causing great
catastrophes such as snow avalanche
hazard. Snow avalanche is a rapid
downward release of large mass of
snow. Afforestation is considered as
one of the oldest, natural and ecological
method for mitigating snow avalanche
hazard. This paper presents an
overview regarding how the
afforestation help in mitigating snow
avalanche which will be helpful in
preventing snow avalanche hazards in
avalanche prone regions of the world
on long term basis. 

Afforestation for Mitigation of Snow
Avalanche Hazard - An Ecological

Sustainable Approach for Environment
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Introduction

avalanches etc. to occur. Also, these
human activities result in the
denudation of existing forest cover in
the Himalayan region. This
deforestation of existing forest cover
is the major cause of occurrence of
natural hazards such as snow
avalanches in high altitude hilly areas.
According to National Forest Policy
(NFP) 1988, 67% of geographical
area of mountainous and hilly regions
should be under forest cover
representing one-third of the total
forest cover in India. Snow avalanche
hazards along avalanche prone areas
around the world are mitigated either
through active method (such as
control measures by using snow
controlling structures as well as
afforestation) and through passive
method involving forecasting of the
future state of snow hazard levels and
artificial triggering of snow
avalanches.
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landslides, snow avalanches, rockfalls,

Role of Forests in Mitigating
Snow Avalanche Hazard:

The silviculture practices (such as
afforestation) have large scale
importance
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modifies the temperature regimes
which stop the formation of faceted
crystals and surface hoar which is an
important cause of slab avalanche
formation in forests.

5. Forests minimizes or reduce the
snow avalanche speed and run out
distances.

Tree trunks inhibits slab avalanches
by stabilizing the snowpack if the
density of the trees is great enough.
Also, the snowfall through the trees
changes the snow surface energy
balance. All of these help in forming
avalanche-causing snow layers less
easily.

importance over the entire world &
is regarded as the oldest, eco-
friendly and sustainable method of
preventing snow avalanches
(Popovici, 2016). Afforestation is
the process of building up of a forest
cover or a stand of trees in an area
where there was no forest existed
before. Afforestation is usually a
large-scale practice.
Forests are regarded as a permanent
mode to control snow avalanche by
arresting the formation of the
avalanche in number of ways
detailed below:

1. In forest, the vegetation in the
starting zone or formation zone can
stop moving snow and prevent snow
avalanche formation. Forest arrests
the snow avalanche by preventing
their formation e.g., by snowpack
stabilization or mitigating their
intensity. 

2. The depth of snow in a forest is
minimum than in an open or non-
forested area because top of the tree
perceived more snow, lowering the
quantity of snow hitting the surface
by 10 to 50 percent. Also, the non-
continuous falling of snow captured
by the trees in a forest creates a
heterogenous snowpack pattern
surrounding the stems with a typical
separation of 1.5 times the
projection of crown. 

3. In a forest, wind speeds are low,
which prevents the severe buildup of
snow in gullies and depressions that
occurs in open regions, lowering
near-surface wind speed.

4. Forests prevents the escaping of
both incoming short wave and
outgoing long wave radiations and
modified

along with snow controlling
structures (snow sheet, snow fences,
snow berms, tripods etc.) can retard
the avalanche in the formation zone
and stop the moving snow by
stablizing the snowpack in forest
stands (McClung and Schaerer,
2006) and by inhibiting a continuous
stratification of Snow clumps.
Forests stabilize the snow cover and
prevent destructive avalanches from
releasing. Forest also acts as a
natural defense against avalanches
where meteorological conditions and
the terrain enables the trees to grow.  
The major effect of forests is the
modification of the snow's physical,
chemical as well as mechanical
properties and therefore, the
formation of continuous weak
snowpack layers favouring slab
avalanches is reduced. In addition to
this, the snow depth in dense forest
stands increases the melting and
sublimation rates as compared to
open
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Discussion

Mountain forests are recognized as
an effective biological protective
measure and play a crucial role in
avalanche mitigation by hindering
avalanche formation (Schneebeli and
Bebi, 2004). Also, afforestation
along

Establishment of snow controlling
structures on snow avalanche prone site

Afforestation of tree seedlings in between
snow controlling structures.

A well grown forest will be established after 15 - 20 years of Afforestation of tree seedlings.

Fig.1 : Diagrammatic representation of Bioengineering approach for snow avalanche
hazard mitigation.
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Conclusionopen fields (Schneebeli and Bebi,
2004; McClung and Schaerer, 2006),
suppresses the outgoing long-wave
radiation and therefore prevents the
formation of surface hoar
(Schneebeli and Bebi, 2004) and by
preventing the formation of slab
avalanches as the speed of wind in
forests is generally lower (de
Quervain, 1978). Also, the impact of
forest on avalanche dynamics
depends on the flow regime. Teich et
al., 2012 (a) showed that forest
structure, composition, stem density,
woody debris and ground vegetation
are parameters that have an effect on
the run-out distance of small to
medium size avalanches and the
mitigation probability of avalanche
depends on the above mentioned
parameters (Viglietti et al., 2010).
The required tree density to prevent 
 prevent avalanche release was
defined by (Schneebeli and Bebi
2004). They investigated the
stabilizing effect of trees stems on
the snow cover. Forests having
deciduous trees with high trunk
density (minimum diameter 0.1m)
with a maximum separation distance
of about 1.5 m prevent the formation
of snow slab avalanches was
suggested by (Gubler et al., 2012).
Young trees can survive avalanche
impact if they are covered by deep
snow or if the elasticity of their
stems protects them from breakage
(Kajimoto et al., 2004).  Therefore,
forest (afforestation) is regarded as
one of the oldest, scientific,
ecological sustainable mitigation
measures against snow avalanches
(Olschewski et al., 2012).

Afforestation using a diverse range
of native plant species (such as
conifers and deciduous trees) should
be planted in avalanche prone areas
of the world which falls within the
limit of treeline. The native plant
species which are selected for
afforestation should be fast growing
successional in nature and they
should be planted in initial stages
whenever possible. These native
species have good root systems &
they also fix atmospheric nitrogen to
provide the fertilized soil rich
environment for the later growth of
the final or climax species. In
afforestation trials, greater emphasis
is given on diverse approaches for
afforestation (such as the cluster
method of afforestation and the
Miyawaki method of afforestation).
Also, among snow avalanche prone
site, favorable microsites should be
afforested properly. Afforested
plants species creates a multi-layered
and diverse forest. Afforestation in
conjunction with snow control
structures in formation zone is good,
provided sufficient support for the
trees to grow. Proper watering, care
and management of the afforested
plants should be done from time to
time. Experiments related to growth
enhancement of afforested plants
should also took into consideration.
Overall, forests have two protective
functions, firstly keeping material in
upslope places, and secondly
holding, restricting, and resisting
material during transportation and
deposition. The following factors
contribute to these effects, soil
conditioning

conditioning and macropore
development; root reinforcement;
the existence of above-ground
structural components. Recognizing
these roles of reserve forests and
their connections to
hydrogeomorphic dangers would
help to improve protection forest
management.
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n meteorology cyclone
refers to creation of low
pressure area in the
atmosphere with winds
spiraling. spiraling in high speed. In the

Southern Hemisphere Cyclones
rotate clockwise and in the Northern
Hemisphere anti-clockwise.
Cyclone is one of the natural
disasters that have capability to risk
lives, loss infrastructure and
property. India is a subcontinent
being surrounded by oceans from
three sides, so it is more prone to
cyclones. Cyclones affect the entire
India but east coast india is more
prone to cyclonic activity than west
coast. Odisha is located between the
parallels of 17.49'N and 22.34'N
latitudes and meridians of 81.27'E
and 87.29'E longitudes in the
eastern part of the Indian sub-
continent

I 

Abstract
Cyclones are large and strong
revolving storms caused by winds
blowing around a central area of low
atmospheric pressure usually over
warm ocean waters near the equator.
Odisha is one of the most vulnerable
state for cyclones along the east
coast. The warm moist air over the
Bay of Bengal surface rises in the
upward direction resulting in the
formation of the low pressure zone
over the surface and makes a landfall
along the Odisha coast. This cyclonic
hazards had turned in to disasters
affecting the livelihood life of people.
Strong wind, heavy rain and flooding
damage the infrastructure, standing
crops and life along the track of its
movement. The present study reviews
the impact of cyclone in the state of
Odisha and how the management
system of state Odisha able to
manage the pre cyclone preparedness
and post cyclone rehabilitation
program in affected area through
community based disaster
preparedness. The finding of the
reviews indicates that the number of
cyclones increasing in recent few
years but however, the revised major 

The Model of Odisha in Disaster
Preparedness and Mitigation: A Review
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Introduction

continent. The Bay of Bengal lies to
its Eastern region while
Chhattisgarh shares its border in the
west and north-west region. The
state also shares geographic
boundaries with West Bengal in the
north-east, Jharkhand in the north
and Andhra Pradesh in the south
region. The state covers an area of
155,707 km2 and extends 1030 km
from north to south and 500
kilometres from east to west
direction and coastline of 480 km
long. Among all the coastal states of
India Odisha is more prone to
cyclone. The geography and
topography of the state plays an
important role in acting as a magnet
for tropical cyclones then such
cyclones and storms in the Bay of
Bengal region travel in the
northwest direction twords Indian
landmass and slowly weaken.
Odisha coast have relatively flatter,
plain land as compared to the west
coast, preventing any deflection of
winds because Odisha lies right at
the point where India’s coastline
curves, its large shore makes an
easy target for most of the storms.
Damage
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strategies taken by government in
disaster management and local
community-based disaster
preparedness have be en the key to
the success in reducing disaster
impact in the state Odisha.
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1.6 lakh people in the ill fated
events. Statistically Odisha coast
faced a cyclone every two years or a
major cyclone every four years.
Coastal housing in Odisha is still
quite vulnerable to the cyclones and
heavy rains also, the power
infrastructure is completely over-
ground, leaving it extremely exposed
during natural disasters. Disruption
of the electrical system also has a
cascading effect on health systems,
water supply, communication and
transport etc. On 29th October 1999,
the Super Cyclone, also known as
the Paradip super cyclone that hit
Odisha with wind speeds of up to
250 kmph. It caused the deaths of
about 10,000 people, and heavy to
extreme damage. The 5–6 meter
surge brought water up to 35 km
inland, carrying along with it coastal
debris and inundating towns and
villages. The storm's effects
destroyed numerous crops, including
sugar cane, rice, and other winter-
time harvests. Union Government
declared it as a national disaster as
12 districts in Odisha is worse
affected. In the aftermath, many
diseases and epidemics spread
through the state as well. The Odisha
government was severely criticized
for its apparent lack of preparedness
and inadequate response to the
cyclone (Thomalla and Schmuck
2004). In 2013 cyclone Phailin
wreaked havoc in the state
displacing 11,54,725 people, altering
the ecosystem of Chilika Lake and
causing damages. It made landfall
near Gopalpur in Ganjam District
becoming the second strongest
tropical cyclone in india since the
1999 

Damage to the coastal Odisha due to
cyclonic disaster hits state economy
very hard, so proper planning,
mitigation strategy and preparedness
is needed to reduce the disastrous
consequence of cyclone. It is
reported that about 50000 mortalities
have happen due to natural disaster
in odisha in recent 38 years from
1970-2007 (Mishra SP et al.2014).
Due to these disasters the social and
economic losses happens in Odisha.
The poor people like the landless
farmers and agricultural laborers are
the most sufferers by these events.
Odisha has 30 districts and the
coastal districts have been most
affected when the cyclones hits the
coast. The interior districts like
Kendujhar, Cuttack, Sambalpur,
Jajpur, Anugul, Dhenkanal Gajapati,
Bolangir and Kalahandi also
experience the wrath of the cyclones
in the form of heavy rainfall and this
rain leading to floods. Bordering
countries in the Indian Ocean are
confronted with one of the most
serious storm surge problems of any
place on the Earth. In the northern
Bay of Bengal where the unique
combination of a large astronomical
tide, low flat terrain, a funneling
coastal configuration, and frequent
severe tropical storms occasionally
produce storm surges that kill
thousands of people (Frank NL.et
al.1971).

1999 one. It had hit Odisha at a wind
speed of 220 kmph and caused
severe damage. Super cyclone
Phailin was followed by cyclone
Hudhud in 2014 that struck the
Visakhapatnam city of Andhra
Pradesh on Oct 2014. Odisha was
affected by Hudhud. In 2018 cyclone
Titli had come as a major shock, as
the weather system had
unexpectedly changes its course and
entered Gajapati District, where no
major preparations were made to
deal with the calamity. 77 people
were killed in Odisha due to heavy
rainfall and landslide that
accompanied the cyclone. This
cyclone also destroyed 2.6 lakh
hectare of agricultural land, over
60,000 houses, and killed more than
35,000 domestic animals. In 2019
cyclone Fani  was unexpected for
this time of year as cyclones usually
occur during the monsoons in July-
August in this region. In this case,
the cyclone first started to move
parallel to the coast, causing damage
to the coastal districts of Odisha,
West Bengal, and Andhra Pradesh.
Fani had reached its peak intensity a
day before its landfall with
maximum sustained wind speed
ranging from 209-251 kmph. The
state is still struggling to recover
from the damage caused by Fani.
Cyclone Amphan in 2020 had also
damaged property in Odisha and
West Bengal. It made landfall near
Bakkhali in West Bengal. In May
2021 cyclone Yaas hit Odisha’s
Dhamra and left two people dead. In
September 2021, cyclone Gulab
crossed the Odisha-Andhra Pradesh
coast, bringing with it heavy rain. 
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Review & Discussion

Odisha’s date with many tropical
cyclonic storms is a routine affair.
Odisha has witnessed about many
major and eventful cyclonic storms
during last century and lost around
1.6

https://en.wikipedia.org/wiki/Sugar_cane


cyclone, this itself was not a small
exercise and required tremendous
effort. However the state still now
suffered from major losses in terms
of infrastructure, particularly
electrical infrastructure, housing,
public building and transport
infrastructure. Odisha has effectively
used technology for early warning,
mobilized different resources,
community preparedness, relief and
rescue operation to minimize the
impact of cyclone in the time of
cyclone Fani. It appears that the
disaster management in poor state
Odisha has changed from relief &
rescue to a proactive disaster
readiness state. Despite of such
readiness level, Odisha was able to
minimize the loss of life only, but
not the material, economical and
environmental loss, making Fani a
mixture of success and failure story
in disaster management. A further
cyclone

More than 20 people across different
states and neighbouring countries
died in cyclone Gulab, however no
death was reported in Odisha.
Disaster impact data have been
collected from the Annual Reports
of the Odisha State Disaster
Management Authority (OSDMA)
and office of the Special Relief
Commissioner Odisha.
Since the 1999 cyclone a lot has
changed in Odisha disaster
manangement. Odisha improved
disaster preparedness plan, better
weather related forecast and early
evacuation during cyclone have
meant that the state has been able to
reduce the damage caused due to
cyclones. The lessons can the rest of
the country learn from Odisha’s
disaster mitigation preparedness is
Odisha has a great community
outreach system through which
people are being reached on time.
Odisha making a network of 890
cyclone shelters for the maintenance
of the cyclone shelters each cyclone
shelter has mananged by a
maintenance committee where local
youth have been involved and
trained for search and rescue, first
aid medical service, and for
providing cyclone warnings.
Through a network of these shelters
and committees and training, it is
now fairly easy to disseminate
warnings and move people into
nearby safe cyclone shelters. The
state’s disaster management systems
are monitored twice every year,
given the propensity of natural
disasters in the state. The Odisha
government successfully managed to
minimize the loss of life due to
cyclone
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Fig.1 : Network of Odisha State Disaster Management Authority (Source: OSDMA)

hazard reduction strategy in tune
with the international framework to
built disaster resilience community,
infrastructure and environment is the
need of the hour. Specifically in
Odisha, the World Bank has been
supporting the Odisha state
government in restoring and
improving housing and public
services in targeted communities of
the state since after the super-
cyclone of 1999 that killed more
than 10,000 people. Through the
projects like the Odisha Disaster
Recovery Project, the National
Cyclone Risk Mitigation
Program,and A journey towards a
disaster resilent Odisha the World
Bank invest more than USD 350
million, and it has made a very
concentrated effort in reducing the
impact of cyclones by World Bank .
The Network of Odisha State
Disaster Management Authority
OSDMA
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