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Over the years, the relationship between environment and disasters has received
significant attention. This is largely due to the emerging recognition that environ-
mental changes - climate change, land-use and natural resource degradation make
communities more vulnerable to disaster impacts. There is a need to break this nexus
through environment based and sustainability inclusive interventions. Science —
technology and economic measures for disaster risk management, hence, need to
adapt more integrated approaches for infrastructure and social resilience. Environ-
mental and anthropogenic factors are key contributors to hazard, risk, and vulnera-
bility and, therefore, should be an important part of determining risk-management
solutions.

Green growth approaches have been developed by emphasizing sustainability
inclusion and utilizing the benefits of science-technology interventions along policy-
practice linkages with circular economy and resource efficiency. Such approaches
recognize the perils of traditional material-oriented economy growth models that
tend to exploit natural resources, contribute to climate change, and exacerbate
disaster vulnerabilities, Green growth integrated approaches are rapidly becoming
as preferred investment avenue for mitigating climate change and disaster risks and
for enhancing resilience. This includes ecosystem-based and nature-based solutions
with potential to contribute to the resilience of infrastructure, urban, rural and peri-
urban systems, livelihoods, water, and health. They can lead to food security and can
further promote people-centric approaches.

Some of the synergistic outcomes of green growth approaches include disaster
risk reduction, climate change mitigation and adaptation, resilient livelihoods, cities,
businesses and industry. The disaster risk reduction and resilience outcome of green
growth approaches deserve special attention, both for the academic and policy
communities. Scholars and professionals across the domains of DRR, CCA, and
green growth are in need of publications that fulfill their knowledge needs
concerning the disaster resilience outcomes of green growth approaches. Keeping
the above background in view, the book series offers comprehensive coverage
combining the domains of environment, natural resources, engineering, management
and policy studies for addressing disaster risk and resilience in the green growth
context in an integrated and holistic manner. The book series covers a range of
themes that highlight the synergistic outcomes of green growth approaches.

The book series aims to bring out the latest research, approaches, and perspectives
for disaster risk reduction along with highlighting the outcomes of green growth
approaches and including Science-technology-research-policy-practice interface,
from both developed and developing parts of the world under one umbrella. The
series aims to involve renowned experts and academicians as volume-editors and
authors from all the regions of the world. It is curated and developed by authoritative
institutions and experts to serve global readership on this theme.
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Message

| am happy to present the Policy Document on Climate Change and Disaster Risk
Management. The aim of this publication is to showcase India's knowledge bank on variety of
dimnucIssueancltelnadmmwmm,llhmofawom!moubyme
Govummdlndhtodmnnmhmemandusesmmmbymnlmm
and researchers which not only focuses the climate change issues but also talk about
scientifically and technologically advanced solutions for it.

India is party to the Sendai Framework for Disaster Risk Reduction (SFDRR) to
implement disaster risk reduction strategies at national and sub-national levels. For this global
treaty on disaster risk reduction under the United Nations International Strategy for Disaster
Risk Reduction. Government of India formulated the National Disaster Management Plan in
2016 for achieving substantial reduction in disaster risk and losses in lives, livelihoods, health
and in the economic, physical, social, cultural and environmental assists of persons, businesses
and communities.

Government of India takes into account the global and regional trends in making policies
for climate change and disaster resilience. It incorporates the approach enunciated in the
SFDRR and SDGs (Sustainable Developmental Goals) for disaster risk reduction, which are
global frameworks under the support of United Nations to which India is signatory.

In its pursuit of excellence, the Government of India endeavours to emulate and even
improve upon the best practices in various types of resilience building measures to disaster risk
reduction and climate change impacts. This can be achieved firstly by documenting the
knowledge of best practices and understanding of cimate change and disasters to provide a
competitive advantage for organizations and departments to make India disaster and climate
resilient. | am sure that this publication would be useful to a range of readers from academia,

research, policy and practice.
po

Date:03.03.2020 (Prakash Javadekar)



Foreword

FOREWORD

Fight against natural disasters and climate change is never ending as the complexities
continue to grow with the pace of economic development and eocp!onmion of natural
resources. What was revolutionized as a p for t t has become
the reason of posslble extinction of hl.man race along with other species Medernization
and industrialization is not wrong when its essence and foundation of functions is based
on sustainable development of ecosystem and as long as human respects the nature.
India is determined to strive for the balance between human development and prospercus
nalture. This book is one example of many endeavours that the government of India has
taken to move towards this target.

Ministry of Environment, Forest and Climate Change is taking an initiative of presenting a
book, al COP-26, on Publication on Climate Change and Disasler Risk Management. The
intention behind presenting this book is to present India's knowledge repository on the
issues of Climate Change and Natural Disaster.

This book consists of vaﬂant knowledge o( scientists arn:l researchers of the country as
well as of the global sci and whose tic and years long research
and case studies are of imminent importance for the risk management of disasters and the
gruesome impacts of climate change. For MGfustumeevor Gon of India decided
to p this repository of knowledge on di t and climate ch
under the supervision of Ministry of Environment, Forest and Climate Change
(MoEF&CC). For this novel work MoEF&CC coordinated with National Institute of Disaster
Management (NIDM), the leading instilute of the country for capacily development in India
and the region.

| congratulate the project team and all the authors invelved in this prestigious book for
their hard work and commitment. This bock has been prepared taking into account the
vasl geography and varianl climate and geophysiology of the country; issues related to
climate change and natural disasters; and the best possible and technologically advanced

s e

[R P Gupta]

New Delhi, the 14™ September, 2021
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Preface

Climate change is a reality beyond doubts or conflicts and so are the disasters. As a
known contributor to hydro-climatic hazards, climate change impacts are also
associated with increasing socio-cultural, political and economic challenges relating
to livelihoods, food or nutrition security, migration, conflicts. Therefore, the frame-
work for addressing climate change and its impacts, the central call is for under-
standing and addressing disaster risks and vulnerabilities. Synergies of green
growth, circular economy and other climate change mitigation means with adapta-
tion and DRR are crucial for holistic perspectives of “Resilience and Sustainability”
in the present and future. India is vulnerable to multiple natural hazards due to its
diverse geological variations, posing a risk to not only the people and infrastructure
but also multiple sectors, industries and businesses. The Government of India has
enacted a comprehensive Disaster Management Act in 2005 and adopted the
National Policy on Disaster Management in 2009, which signalled a paradigm
shift from relief-centric approach to a comprehensive, pro-active approach focused
on disaster risk reduction.

Preparing a disaster management plan for India, taking into account global
experience, and incorporating the new perspectives on disaster management prove
more challenging than we had initially envisaged. India’s vision 2047, under the
Azadi ka Amrit Mahotsav, recognizes the contexts of changing horizons of disaster
risks along with weather extremities and likely black swan events including health
epidemics and human-induced disasters. There are many new developments, partic-
ularly, the adoption of three landmark International Agreements in the year 2015
having significant bearing on India’s policies for disaster management and climate
change, i.e., Sendai Framework for Disaster Risk Reduction in March 2015, Sus-
tainable Developmental Goals 2015-2030 in September 2015, Paris Agreement on
Climate Change UNFCCC, December 2015 and its latest 27th COP meeting in
November 2022, and the United Nations Convention to Combat Desertification
(UNCCD), 14th Conference of Parties in September 2019.

National Institute of Disaster Management (NIDM) and Department of Science
and Technology (DST) under the CAP-RES project, under Climate Change

ix



X Preface

Programme (NKMCC) organized “Resilience and Sustainability Summit: Vision
2047 (RESSUMMIT2047)” to review and deliberate upon the key aspects of present
and futuristic disaster risks and climate contexts and their changing scenarios.
UNDP, GIZ, and a large number of international and national organizations joined
as organizing collaborators. Ministry of Environment Forest and Climate Change
and NIDM has adopted a novel, concise and action oriented approach towards
structuring the document on Disaster Risk and Management under Climate Change.
The chapters of this book are focused on thematic areas for planning and implemen-
tation with clear defined roles and responsibilities. The book has attempted to
highlight the issues (past, present and futuristic) related to climate change and
their solutions, which are innovative, technologically advanced, sustainable and
systematic. This book is equipped with injunctions and suggestions for stakeholders,
central and state agencies about their roles and responsibilities for mainstreaming
climate resilient and disaster management plans into developmental planning.

The publication has been prepared to showcase our knowledge bank on assessing
and managing the disasters on national and sub-national levels and borrowed
advanced technology information from outside the India which is relevant to
India’s diverse geography and climate. This knowledge compendium also has a
sync with the recently held 1st RESSUMMIT2047 at New Delhi (January 2023)
focused on integrated resilience and sustainability. The editors of the book are
hopeful that the contents would be very useful for policy planners, researchers,
academicians, practitioners, scholars and civil society working on related issues in
developing and transition economies in the perspective of climate and disasters.

New Delhi, Delhi, India Anil Kumar Gupta
New Delhi, Delhi, India Akhilesh Gupta
New Delhi, Delhi, India Pritha Acharya
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Part 1
Overview and Major Climatic Disasters



Chapter 1 ®)
Climate Change: Extremes, Disasters e
and Call for Resilient Development

Anil K. Gupta, Pritha Acharya, and Akhilesh Gupta

Abstract World has observed significant rise in global temperature which is clearly
evident from the increased atmospheric temperature, oceanic temperature, melting of
glaciers, rising sea level, shifting of local vegetation and agricultural practices,
intense heat waves, migration of birds and animals, endangered corals species,
flora and fauna etc. Future scenario is gruesome and expected to get worsen. Science
fraternity, worldwide claims that, the developing countries are expected to suffer
more at the hand of Climate Change. The future predicted for the developing
countries, and world at large is the ubiquitous presence of stresses such as scarcity
of water resources, food insecurity, non-existence of many island countries and
non-existence of many animal and plant species. In the light of keeping the ecology
and environment from getting distressed to worse, Climate Change Adaptation
(CCA) and Mitigation has the real potential to overcome this worse condition by
building Climate Resilience in the community and ecology. This chapter discusses
about the interrelatedness between increased disaster’s frequency with Climate
Change, need for CCA and mitigation strategies for building resilience, present
condition of the country’s vulnerability to Climate Change, associated disasters,
and initiatives taken by India to address Climate Change.

Keywords Climate change - Disasters - Mitigation - Adaptation - Resilience
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1.1 Introduction

The world has witnessed the calamities due to Climate Change umpteenth of time
and the future is no different. Over the last few decades, rise in global temperature
has been observed with adequate evidences of increased atmospheric and oceanic
temperature causing melting of glaciers, rising sea levels, shifting of tree lines,
intense heat waves, migration of animals etc. (ISDR 2009). Climate Change is
caused by increased Greenhouse Gases (GHGs) emissions (globally), which is
being accelerated by human activities such as burning of fossil fuel, land use
changes, raising of livestock, decaying of landfill wastes, natural gas production
and transportation etc. (NRC). As per the IPCC Fourth Assessment Report, this
increasing atmospheric and oceanic temperature is higher than it used to be during at
least the past five centuries (IPCC 2007a, b). The human interventions and activities
have increased CO, emissions of 278 ppm during pre-industrial time to 405 ppm
reported in September 2018 (UNFCCC 2007; NOAA-ESRL 2018). Reports have
suggested this as the fastest warming trend of the earth (UNFCCC 2007). World-
wide, human population has increased the concentration of emitted GHGs including
Methane (by almost two-and-a-half times than the pre-industrial areas), and Nitrous
oxide (risen by almost 15% since 1750).

Future conditions are expected to get worse, especially for the developing
countries in the form of water scarcity, food insecurity for about billions of popu-
lation (UNFCCC 2007). India being a developing country is one of the most
vulnerable countries to the Climate Change impacts, the impacts of which can
now easily be seen in the form of increased water stress, heat waves, drought, storms
and flooding, and greater than before risk on health and livelihoods (GCRI, Battelle,,
and PNWD 2009). The following table provide a gist of some of the future global
climatic projections and uncertainties for India (Table 1.1):

1.2 Present Scenario

1.2.1 Climate Change and Disasters

Climate Change amplifies the risk of disasters, by (i) increasing the frequency and
intensity of extreme/disastrous events; and (ii) decreasing the resilience of surround-
ings. Reports suggest that annually 26 million people globally are forced to displace
due to disastrous events like floods, storms etc. (NRC, n.d.). Worldwide increase in
intense floods, drought, forest fire, cyclones, storm and heat waves has a strong and
menacing link with Climate Change. Profound numbers of literature provide evi-
dence of linkage of anthropogenic Climate Change with natural disasters (Asian
Development Bank 2015). According to EM-DAT, the frequency of natural disasters
has increased threefold in the last four decades, from 1300 events in 1975-1984 to
over 3900 in the period of 2005-2014 (EM-DAT 2015). Number of hydrological
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Table 1.1 Global climatic observation and expected impact (GCRI, Battelle, and PNWD 2009;

Gol M 2010)

Observations

Projected impacts

Glacier melting with an average rate of
10-15 m/year

Flooding in river valleys, followed by
decreased flow, causing water scarcity for
drinking and irrigation

Sea level rise as a result of thermal expansion
and exchange of water between ocean and
other forms of fresh water may also contribute
to coastal inundation

Warming of 0.5 °C is expected by 2030 and a
warming of 2—4 °C by the end of this century

Higher levels of tropospheric ozone pollution

and other forms of air pollution in major cities
Increase instances of forest fires in the moun-

tainous regions

Increased intensity and frequency of cyclonic

activity and storm surges will lead to inunda-

tions of low lying areas along the coast-lines

Increased precipitation, expected to occur in the
form of lesser monsoon days with extreme
rainfall events

Summer Intensification, leading to more warm
summers
Fast and earlier snowmelt, which could

adversely impact agricultural production

Dry vegetation burning will increase atmo-
spheric dust and smoke Drought like situations
are likely to increase due to decrease in number
of rainy days

Increase in flood and drought events will
influence the ground water recharge

and meteorological event has gone up sharply during 2005-2014, with the annual
number of category 5 storms tripled up between 1980 and 2008 (Independent
Evaluation Department (IED) 2013). One another aspect of damage from Climate
Change is economic loss of a country. From 2005-2014, $142 billion worth capital
is lost due to increased number of natural disasters.

IPCC report has summarized the observed climatic trends and their possible
impacts. Table 1.2 gives a brief list of observed trends with their associated impacts.

1.2.2 Concept of Climate Change Adaptation and Mitigation

We cannot prevent Climate Change impeccably, therefore we need to adapt and/or
mitigate to this varying climate and possibly predicted its outcomes. Climate Change
Mitigation is the process of identifying the factors causing it, followed by controlling
the Climate Change phenomenon by eliminating/or reducing the identified root
causes. For e.g. GHG emissions are the driving cause for Climate Change (Global
Warming), so mitigation here would be reducing GHG emissions. Whereas Climate
Change Adaptation is the process of acclimatizing such as building climate resilient
environment to minimize the negative outcomes of Climate Change. The eventual
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Table 1.2 Climatic trends and their possible impacts (ISDR 2009)

Phenomenon and direction of
trend

Observable impacts

Fewer cold days and night, fre-
quent hot days and night

Rise in agricultural productivity in colder region and
reduction in warmer regions

Increased insect outbreaks and linked diseases

Increased snow melting that may impact water resources
Reduced mortality from cold exposure

Declining air quality in cities

Frequent heat waves

Reduced yields in warmer regions due to heat stress
Increased risk of bushfires

Increased water demand, water-quality problems

This heat stress will increase heat-related mortality. Old
people, chronically sick and very young people will be
impacted the most

Rise in precipitation frequency

Soil erosion and crop damage

Deterioration of surface and ground water

Water scarcity may be relieved

Count and vulnerability related to death, injuries, skin dis-
eases will go up

Loss of life and property due to flooding causing disruption
of settlements, commerce, transport and societies

Pressures on urban and rural infrastructure

Increased drought affected area

Land degradation, lower crop yields, soil erosion and crop
damage

Increased livestock deaths

Increased risk of wildfire

Scarcity of food and water shortage, causing increased risk
of malnutrition, water and food-borne diseases

Migration of humans and animals

Increasing intensity of tropical
cyclones

Damage to crops and trees

High risk of diseases related to water
Post-traumatic stress disorder
Disruption by flood and high winds
Migration, loss of property

Rise in sea levels

Salinization of irrigation water and freshwater systems,
which will eventually decrease freshwater availability
Increase in flood mortality rated

Migration-related health effects

High costs of coastal protection and relocation
Relocation of people and infrastructure

intent of either mitigation or adaptation is to reduce the vulnerability or risk
associated with Climate Change. There is a rising need of Climate Change Adapta-
tion, so that communities can adjust with the projected future climatic scenario.
Several studies and research has shown the linkage between Disaster Risk
Reduction (DRR) and Climate Change Adaptation (CCA) (ISDR 2009). Disaster
Risk and Climate Change share the similar problem of changing weather and
climate. Disaster Risk is considered to be an ongoing issue while climate change
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Policy goal

CLIMATE CHANGE ADAPTATION ISASTE RISK REDUCTION

7

Eg. of non-overlap area, includes
agriculture initiatives in view of
Climate Change

Eg. of non-overlap area, includes
earthquake engineering for
Disaster Risk Reduction

Prograrllrne Action

Eg. Of overlap area, includes risk
assessment, flood management,
building codes development

Fig. 1.1 Overlaps and non-overlapping area of CCA and DRR

is understood as an emerging issue. Similar methodologies for risk assessment,
prediction models are used for both to understand their behaviour and consequences.
Therefore it is wise to implement CCA and DRR in an integrated manner (ISDR
2009). Figure 1.1 explains the area of convergence and divergence for CCA and
DRR. This can be explained by taking flood management which is a concern for both
DRR and CCA. Another example is risk assessment where both share similar
methodology. On the other hand disaster risk engineering is an area of concern of
Disaster Management and share no similarity with CCA. Figure 1.1 also justifies the
fact that, CCA at many cases (e.g. Flood Management, Drought Management) will
eventually result in reducing disaster risks.

1.2.3 Early Warning Systems and Risk Communication

Preparedness for disasters also needs effective early warning and risk communica-
tion systems. Early warning systems help in reducing the impact of hazards by
reducing loss of life and cutting the economic losses. Thus early warning is also a
major element of disaster risk reduction. To be effective, early warning systems need
to actively involve the communities at risk, facilitate public education and awareness
of risks, effectively disseminate messages and warnings and ensure there is constant
state of preparedness (UNISDR 2006). The topic is further covered in details in
Chap. 3.
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1.2.3.1 Call for Resilience

Disasters are the events of environmental extremes which are inevitable entities of
this living world (Gupta and Nair 2011). Environmental changes induced climatic
variations in terms of extreme weather for example and act as the cause whereas the
disasters can be seen as the impacts. Environmental changes act as drivers of
disasters primarily in three ways viz. (i) climate change; (ii) natural resource and;
(iii) land-use changes (Gupta and Nair 2011). This inextricable linkage between
environment and disasters has been understood in the following three interfaces:

1. Environmental degradation leading to water and climate related disasters due to
degradation of natural resources.

2. Environmental degradation causes vulnerability by causing new hazards and
aggravating precursors of other disaster events.

3. Disasters impact the environment by effecting natural resources, processes and
ecosystems, creating future emergency conditions and situations.

Climate Change has now become a constant phenomenon and it is evident from the
past decadal trends, that the conditions will not be much different, rather will tend to
intensify in the upcoming times. Adverse impacts of Climate Change can be
minimised through effective adaptation strategies. Despite this, Climate Change
may trigger emergency scenarios even after adaptation measures are at place. Thus
adaptation strategies should be flexible enough to eventually achieve sustainability
in an integrative and holistic manner—making the systems climate resilient.
Climate Resilience development refers to the development where the system
components (including social, economic and environmental) has the capacity:

* To cope up with the additional stresses induced due to climate change,

* To adapt, adjust, acclimatize in a desirable manner, in order to address the
predicted climatic variability.

* So that the evolved system will no longer be severely impacted by foreseen
climatic condition

India has a diverse climatic profile, and topology; because of which climatic risk is
non-uniformly distributed. The impact of Climate Change can be seen all across the
country, for example, in the form of heat spell in Ahmedabad caused temperature of
around 45 °C during summer daytime; floods of 2018 in Kerala has caused economic
loss of about $3 billion to the country; poor air quality of Delhi; Rajasthan saw
record breaking summer in May, 2016, during which temperature of about 51 °C
was recorded; and cyclone Vardah of Dec 2016 in Odisha which is considered to be
one of the deadliest (Sarkar 2017; Anand 2018).

These incidences and projected variability in climatic parameters demands for
developing climate resilient nation.

Several initiatives have been taken by Government of India (Gol) under this;
India has always been an active participant of United Nation Framework for
Convention on Climate Change (UNFCCC). National Action Plan on Climate



1 Climate Change: Extremes, Disasters and Call for Resilient Development 9

Change (NAPCC) has also been released by Gol on 30th June 2008. This led to the
establishment of the Executive Committee on Climate Change. It is being handled
by Prime Minister’s Council on Climate Change and coordinated by the Ministry of
Environment, Forest and Climate Change (MoEF&CC) National Disaster Manage-
ment Plan had been prepared with the objective of mainstreaming Disaster Risk
Reduction into developmental agenda (NDMA 2016). National Institute of Disaster
Management is mandated for training, research, developing documentation and
database related to Disaster Management.

1.3 International Policy Framework

Disaster management (DM) saw a paradigm shift from relief and response centric
approaches to mitigation and preparedness centric approaches and now with the
variability of climate change, DM is undergoing a second paradigm shift towards
environmental hazard and vulnerability (Gupta et al. 2014). NDMP Gupta 2019 has
acknowledged that sustainable development needs to be disaster resilient and be
adaptive to climate change impacts (NDMA 2019). Below are the international
frameworks that call upon integrating CCA and DRR to achieve sustainable
development.

1.3.1 SDGs (Sustainable Development Goals)

DRR, CCA and Resilience cut across different sectors and aspects of development.
25 targets of SDGs framework are directly or indirectly related to DRR in ten of the
17 SDGs. SDGs’ targets identify the immediate need to reduce climate and disaster
risks and emphasizes resilience building of communities and nations to achieve
SDG. Explicit references for DRR, CCA and Resilience can be observed in goals
and targets especially meant for poverty, hunger, healthy lives, building resilient
infrastructure, education, sustainable management of water, Climate Change, resil-
ient cities, and marine and terrestrial ecosystem.

1.3.2 Paris Agreement on Climate Change at COP21

The Paris Agreement is a legally binding agreement within the United Nations
Framework Convention on Climate Change (UNFCCC) which focused on combat-
ing climate change through reducing the GHG emissions and accelerating and
intensifying actions and investments needed for a sustainable low carbon future



10 A. K. Gupta et al.

(UNFCCC 2011). It was negotiated by 196 members and was adopted on 12th
December 2015 during the 21st Conference of Parties (COP 21).1

1.3.3 Sendai Framework for Disaster Risk Reduction
(SFDRR)

The Sendai Framework for DRR (Disaster Risk Reduction) was adopted at the third
UN World Conference in Sendai, Japan, on March 18, 2015. It is the successor
instrument of HFA (Hyogo Framework for Action) 2005-2015 and a non-binding
voluntary agreement for 15 years which recognizes the responsibility of States for
DRR and the shared responsibility with local governments, private sector and other
stakeholders. Key features of SFDRR are:

» Shifting focus from Disaster management to disaster risk management

* Emphasis on the need of strengthening the disaster risk governance by placing
governments at the center of disaster risk reduction

» wider approach of disaster risk reduction, focusing on both natural and man-made
hazards and related environmental, technological and biological hazards and risks

+ recognition to implementation of integrated environmental and natural resource
management techniques

1.3.4 United Nations Conventions to Combat Desertification
(UNCCD) 2018-2030 Strategic Framework

The United Nations Convention to Combat Desertification (UNCCD),2 established
in 1994 is a legally binding agreement of 197 parties which links sustainable land
management to environment and development. The strategic framework under the
convention commits to achieve Land Degradation Neutrality (LDN) by building a
future that avoids, minimizes, and reverses desertification, land degradation and
mitigates the effects of drought in the affected areas at all levels to achieve a land
degradation-neutral world, consistent with the 2030 Agenda for Sustainable Devel-
opment (COP-14 2019).

"More information on the UNFCCC COP21 can be retrieved form https://unfcce.int/process-and-
meetings/the-paris-agreement/what-is-the-paris-agreement

2More information on the UNCCD COP14 can be retrieved form http://unccdcop14india.gov.in/
conference-of-parties
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Table 1.3 Incorporation of four priorities for action under the SFDRR in NDMP

Chapters with the priority as its
Sendai framework for DRR (2015-2030) priority dominant theme

Understanding disaster risk Chapters 2 and 3
Strengthening disaster risk governance to manage disaster risk | Chapters 3, 4, 5, 6, 8 and 9

Investing in disaster risk reduction for resilience Chapters 3, 4,5, 6,7 and 8

Enhancing disaster preparedness for effective response and to | Chapters 4, 6, 7, 8,9 and 10
‘Build Back Better’ in recovery, rehabilitation and
reconstruction

1.4 National Policy Frameworks

1.4.1 Implementing the International Climate Change
and Disaster Frameworks in India

Year 2015 provided tremendous opportunity for the world to take well thought,
holistic and integrated actions towards sustainable development with emphasis on
disaster risk reduction with the three global landmark agreements—SFDRR, SDGs
and Paris Agreement on Climate Change. India adopted these agreements as a
signatory member and strives to comply with them. The country is making efforts
to achieve the global targets by making advancement in the entire disaster manage-
ment cycle by following the recommendations in these agreements and by adopting
internationally accepted best practices. National Disaster Management Plan
(NDMP), 2016 is the first ever plan at national level for disaster management and
was revised in 2019 in alignment with the guidelines of SFDRR, SDGs and
UNFCCC COP 21 focusing on actions for disaster risk reduction.

Moreover, India being the signatory to the UNCCD COP, adopted the ‘Delhi
Declaration” which encourages a proactive approach to reduce risks and impacts of
desertification/land degradation and drought through the implementation of drought
preparedness plans and increased risk mitigation for drought and sand and dust
storms (COP-14 2019) (Table 1.3).

1.4.2 National Policy Framework on CCA and DRR
1.4.2.1 National Policy on Disaster Management

National Policy on Disaster Management (NPDM) was approved on October 22nd,
2009 with the vision of building a safe and disaster resilient India by developing a
holistic, proactive, multi-disaster oriented and technology driven strategy through a
culture of prevention, mitigation, preparedness and response” (Rijiju 2015) in
pursuance with Disaster Management Act, 2005. The objectives of NPDM are listed
in the following box.
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Box 1.1 NPDM Objectives (NDMA 2009)

* Promoting a culture of prevention, preparedness and resilience at all levels
through knowledge, innovation and education.

» Encouraging mitigation measures based on technology, traditional wisdom
and environmental sustainability.

* Mainstreaming disaster mitigation into the developmental planning
process.

» Establishing institutional and techno-legal frameworks to create an
enabling regulatory environmental and aa compliance regime.

* Developing contemporary forecasting and early warning systems backed
by responsive and fail-safe communication with information technology
support.

» Ensuring efficient response and relief with a caring approach towards the
needs of the vulnerable sections of the society.

» Undertaking a reconstruction as an opportunity to build disaster resilient
structures and habitat for ensuring safer living.

* Prompting a productive and proactive partnership with the media for
disaster management.

1.4.2.2 National Action Plan on Climate Change

NAPCC was released in 30th June 2008 and has eight missions on water, renewable
energy, energy efficiency agriculture etc. The focus area of NAPCC is to promote
and create awareness on Climate Change, need of Climate Change Adaptation and
Mitigation, promoting Energy Efficiency, and Natural Resource Management
(NAPCC 2008). However, four additional missions were added under the NAPCC
in 2018-2019, acknowledging the emergent thrust areas viz. National Wind Mis-
sion, Health Mission, Waste to Energy Mission and Coastal Mission (The Indian
Express 2020). Apart from the major missions under the NAPCC, various important
and innovative initiatives on mitigation and adaption were also introduced. The
report released by Gol on NAPCC in 2018 highlights all these initiatives taken up by
the centre. The missions are described in brief in the paragraphs below;

National Solar Mission

The mission works to reduce fossil fuel consumption for energy sources by promot-
ing significant use of solar energy and also recognizes the utilization of other
renewable energy sources. It also encourages various R&D programmes to make
the solar energy economically affordable in comparison to fossil fuels based energy
options (Gol 2018).
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National Mission for Enhanced Energy Efficiency (NMEEE)

The mission aims to conserve and promote efficient use of energy by enabling
policies and incorporating innovative energy efficient models. Under this mission
several initiatives had been taken like distributing 23.39 crore LED light, providing
free clean cooking gas to women below/poverty line (Gol 2018; Rattani 2018).

National Mission on Sustainable Habitat

The mission aims to promote sustainable urban planning by incorporating relevant
policies, encouraging research in the areas of buildings, waste management, water
resources and transportation. In addition the mission also focuses on CCA through
infrastructure resilience, community based disaster management and measures for
improving the warning systems for extreme events (Gol 2018; Rattani 2018).

National Water Mission

The mission aims to promote sustainable supply of water by incorporating water
conservation practices, minimizing wastage of water, increasing water use efficiency
to 20%, ensuring uniform water distribution across the country (Gol 2018; Rattani
2018).

National Mission for Green India

The mission aims to enhance, increase, and protect country’s green cover (with a
target of 33% tree cover) and encourages the direct participation of communities
through JFMs to manage land degradation. It also focuses on enhancing ecosystem
services including biodiversity, wetlands, habitat restoration also realizing the out-
comes with Carbon Sequestration as added benefit (Gol 2018).

National Mission for Sustaining the Himalayan Ecosystem

The mission aims at incorporating management practices to protect and safeguard
Himalayan ecosystem including conservation of forest cover, biodiversity, preven-
tion of glacier melting etc. The mission also aims to maintain two-third of the area
under forest cover in the hilly regions, incentivising community based management
of the ecosystems along with knowledge sharing and raising awareness on Climate
Change Impacts and Adaptation in the Himalayan ecosystems (Gol 2018).
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National Mission for Sustainable Agriculture

The mission aims to improve sustainability and to encourage climate resilient
agriculture through the development of insurance policies, promoting climate resil-
ient crops, capacity building etc. (Gol 2018; Rattani 2018).

National Mission on Strategic Knowledge for Climate Change

The mission aims at developing thorough knowledge warehouse related to Climate
Change related aspects to gain better understanding about impacts, and challenges of
Climate Change (Gol 2018).

National Health Mission (NHM)

The mission aims at achieving universal access to equitable, affordable and quality
health care services that are accountable and responsive to people’s needs through
strengthening of Health System, Reproductive-Maternal-Neonatal-Child and Ado-
lescent Health (RMNCH+A), and Communicable and Non-Communicable Dis-
eases. The mission has two sub missions; the National Rural Health Mission
(NRHM) and the National Urban Health Mission (NUHM) (MHFW 2020).

National Wind Energy Mission

The mission aims to enhance the use of renewable source of energy by enhancing the
wind energy generation capacity, efficiency and infrastructure as well as identify
high wind power potential zones within the country. Through this mission India
attempts to generate 60 GW of wind energy by 2022 (MNRE 2020;
TheEconomicTimes 2020).

1.4.2.3 Waste to Energy Mission

This mission aims to increase the share of renewable energy in India’s total energy
budget. It explores the availability of technological options to set up projects
primarily to recover energy in the form of Biogas/Bio-CNG/Electricity from agri-
cultural, Industrial and urban wastes of renewable nature such as municipal solid
wastes, vegetable and other market wastes, slaughterhouse waste, agricultural resi-
dues and industrial/STP wastes and effluents (NMRE 2019).
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1.4.2.4 National Coastal Mission

The mission aims to primarily conserve the coastal environment but at the same time
promotes livelihood through development, revenue generation and providing
employment (MoEF&CC 2018).

1.4.3 State Action Plan on Climate Change

India has varied geographical and topographical features and in order to mainstream
climate resilient development, both Center and Sates needs to take joint responsi-
bility. NAPCC also understand that to address Climate Change adaptation and
mitigation challenges active participation of state and local government is required
and therefore made mandatory the formation and active preparation of SAPCCs for
all Indian state and Union Territories with an aim to mainstream climate change
action into local-level planning (GIZ 2014). According to MoEF&CC’s data,
33 SAPCC:s for states and UTs has been prepared (MoEF&CC 2020). Table 1.4
explains the suggested criteria that need to be considered to develop SAPCC.

1.5 Way Towards Sustainable Development

Considering the discussions in the earlier sections of this chapter, adapting to the
changing climatic scenarios demands for an integrated approach promoting com-
bined efforts of policy makers, planners, scientific fraternity and communities to
design suitable strategies to mainstream Climate Change Adaptation (CCA) and
Disaster Risk Reduction (DRR) into the development planning process (Gupta et al.
2016). Given the history of past weather events, it is evident that Climate Change
would be a permanent phenomenon. Howsoever, the lessons learned from successes
and failures in tackling and managing these events, it is evident that promoting a safe
and a sustainable future would require systems and sectors to be climate risk proof.

Table 1.4 Common Framework for formulating SAPCCs (Rattani 2018)

Criteria Consideration

State Climatic Profile Existing climatic profile and projected trends of the state

Climate Change vulnerabil- | Examination of present and projected vulnerability temporally and
ity assessment spatially

GHG Emissions Current sector-wise emissions and estimation of future needs
Climate Change Strategy Identification of existing programs, gaps and proposed schemes

considering cost-benefit analysis

Climate Change Action Identification of existing funding agencies, check for additional
Plans funds requirement
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Sustainable Development

f = - e e o e e
I Climate Adaptive € .:Disaster Risk Reduction, Re]ief:
, O —— L N [ IR ———
B i e o (e ottt o T [
IEnvironment, Climate & DRR policy < | s Water-Sanitation & Environmental
TS S S S C o S S PR e e "
Y
re-=T=s=== 3
I Resilient 1
N T e J

Fig. 1.2 Illustration depicting the pillars of Sustainable Development

This section identifies five important pillars for promoting safe and a sustainable
future (Fig. 1.2):’

1.5.1 Climate Adaptive Development and Mitigation

It is proposed to include Disaster Risk Reduction along with adaptation and mitiga-
tion at national/sectorial, sub-national and local levels. The focus area here
should be:

1.5.2 GHG Mitigation

India has made commitment to reduce emissions intensity of its GDP to 20-25%
from 2005 levels by 2020 (Pahuja et al. 2014). Consequently NAPCC with initial
8 missions were launched to control Climate Change, of which two missions are
specifically to cut down fossil fuel usage and reduce energy consumption. This
shows that policies and mitigation measures are already in place. Adequate moni-
toring and tracking of the mitigation action, has the potential to strengthen the
implemented policies.

1.5.3 DRR and Resilient Development

Development is a continuous process and many developing countries like India
where infrastructure development is the primary focus, disasters impede the growth.
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Disaster Management has experienced a second paradigm shift from relief to risk
reduction in response to the fact that building resilient communities enhances
individual safety. Thus resilient development has the potential to reduce
disaster risk.

1.5.4 Land-Use Planning

Land use planning is very powerful in mitigating disaster risk which can improve the
resilience of the people. Spatial distribution is considered to promote sustainable
land use development and also reduces vulnerability of hazards.

1.5.5 Environment, Climate and Disaster Risk Reduction
Policy Tools

Integrative approach for taking climatic and disaster risk/vulnerability assessment
into decision tools like Environmental Impact Assessment (EIA) and Environmental
Management Plan (EMP). The promising approach includes:

» Disaster Impact Assessment (DIA) integration with EIA is one good approach to
regulate/eliminate development projects with very high risk and vulnerability to
disasters

* Rapid Environmental Impact Assessment (REIA) w.r.t disasters, is a powerful
tool to identify and prioritize the harmful disaster impacts on environment.

» Post-disaster needs assessment (PDNA) is essential to understand essential
requirements (e.g. food, clothing, housing, first aid etc.) after disasters.

» Natural Resource Management (NRM) to ensure optimum utilization of resources
(including forests, biodiversity, land, livestock etc.) which are the basic require-
ments for human survival.

1.5.6 Resilient Agriculture

Agriculture sector as a whole is worst hit by disasters and climate Change presents
severe challenges to the productivity of agricultural crops. According to FAO,
almost 60% of the global population is dependent in agriculture, at the same time
it also shares linkages with other sectors. As the global population is increasing at an
unprecedented rate, the concerns are to ensure food and nutritional security for the
world. Planned agriculture should be adopted to increase resilience of agricultural
crop production. Management practices that support crop production under adverse
climatic conditions should be adopted. Practices such as in-situ moisture
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conservation, residue incorporation, instead of burning, water harvesting, and loca-
tion specific agronomic and nutrient management practices (NICRA 2012) and
disaster resilient agriculture practices are proposed to promote climate resilient
agriculture.

1.5.7 Water-Sanitation and Environmental Health

Lack of sanitation measures and systems can cause severe health issues especially
with young children. United Nation General Assembly has also considered the
access to safe water and sanitation as human rights. Reports claim that just 62% of
the worldwide population has access to improved sanitation facility (that means
human waste is not in contact with human) (Unite For Sight 2015). Howsoever,
disaster and climate change related challenges are often neglected when environ-
mental health is concerned. Thus there is a need to focus and research on ‘Environ-
mental Health in Disaster and Emergency’, ‘Climate Change and Disaster
Epidemiology’, ‘Climate Change Adaptation Plan for Health Sector’, ‘Health Risk
Analysis’ and ‘Industrial Chemical Accidents and Pollution’.

1.5.8 Disaster Risk Reduction, Relief and Recovery

Prior preparation to disastrous events is very important to reduce the risk associated.
The focus and research areas as well as policy actions should include

» Integrating climate and disaster resilience into relief and reconstruction, to pro-
mote resilient development post disaster.

* Sustainable recovery and green growth strategies, prevents environmental degra-
dation, promotes sustainability and inhibits inefficient natural resources
utilization

1.5.9 Mainstreaming CCA-DRR into development

Integration of Climate Change Adaptation (CCA) and Disaster Risk Reduction
(DRR) within planning and implementation framework at different levels is needed
to ensure the journey for sustainable development (Gupta et al. 2014). India
launched the National Action Mission on Climate Change (NAPCC) in 2008 as
part of its Nationally Determined Contributions (NDCs).

The approach should rather focus on sharing of co-benefits between the sectors.
This has also been highlighted in the Prime Minister Agenda 10, under its various
points. Point 1 and 2 of PM agenda 10 says ‘All development sectors to imbibe the
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principles of disaster risk management’ and ‘“Working towards risk coverage towards
all’. Thus mainstreaming CCA-DRR into the development process calls for an
integrated approach where all the sectors should work in tandem to address disasters
through risk reduction.

There are several ways and methods through which DRR and CCA measures
have been integrated to reduce the risks of natural disasters. Approaches and
pathways for inclusion of CCA and DRR into development plans are (Gupta et al.
2014):

» Establishing appropriate framework-technological, legal, financial and
institutional-for planning and implementation.

* Promoting multi-sectoral developmental process and mitigation measures
addressing disaster management concerns.

» Integration of disaster risk reduction planning and policies in a holistic, partici-
patory, inclusive and sustainable manner.

1.5.10 Legal Policy Framework for Disaster Management
1.5.10.1 Governance Structure

Disaster Management Act, 2005 provides for institutional framework for disaster
management.

Ministry of Home Affairs (MHA) is the nodal Ministry to deal with all the issues
concerning with the disaster management. The Central Relief Commission (CRC) is
constituted in Ministry of Home Affairs for coordinating with the relief operations.

National Disaster Management Authority (NDMA) has been constituted for
laying down policies and guidelines for disaster management in India. Disaster
Management Authority at State and District Level are being constituted for laying
down guidelines at state and district level.

National Institute of Disaster Management (NIDM) is responsible for human
resource development through planning and research development, capacity build-
ing, and documentation and policy advocacy. NIDM collaborates with MHA,
NDMA, Central and State, and local government as well as various other stake-
holders to build capacities towards climate resilience.

Natural Disaster Response Force (NDRF) has been constituted under section
44 of DM Act, 2005 for strengthening the response system of the country. NDRF
team is trained in handling various types of natural, man-made and non-natural
disasters.
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Environment and Natural Resources Laws in DRR

Regulatory provisions related to environment and natural resources—water, land,
agriculture, forests, wildlife, habitats, ecosystems; procedures and planning—Envi-
ronmental clearance, EIA, audit, risk analysis, land-use and zoning, emergency
preparedness; and environmental services-drinking water, sanitation, waste manage-
ment, preventive-health, including climate mitigation and adaptation etc. play an
important role in addressing hazards, reducing underlying causes of vulnerability,
enhancing capacity and thereby, relate to Disaster Risk Reduction (Gupta et al.
2016). For mitigating climatic hazards and minimizing the impacts of natural
disasters and for improving livelihoods and overall well-being of the people, central
and state Governments have implemented a number of schemes, whose activities are
facilitated further by the involvement of PRIs, NGOs etc. These plans and projects
(given in Table 1.5) are the best examples of implementing climate resilient devel-
opment plans at national and sub national level.

Box 1.2 Environment Protection Act 1986
Environment Protection Act (EPA) 1986:

It is an umbrella legislation which tries to cover the gap areas of major
environmental challenges lacking in other laws. The Environmental Impact
Assessment (EIA) also comes under EPA. The Coastal Regulation Zone
(CRZ) Notification 1991 also came under EPA.

Various other constitutional provisions for DRR came out and have been
implemented under the EPA. Gupta et al. 2013 have listed in detail all the
regulatory provisions supporting CCA and DRR under EPA.

1.6 Conclusion and Way Forward

Resilient development is needed to cope up with the adverse impacts of disaster.
Impacts of Climate Change is noticeable worldwide, the increased frequency and
intensity of disasters can be correlated with the changing climatic scenario. India has
already taken several initiatives to support climate resilient infrastructure including
announcement of NAPCC, formulation of 32 SAPCCs, preparation of NDMP,
contributions towards the NDCs, agreement with Paris Climate Change Agreement,
partner with SFDRR etc. To promote these initiatives, mitigation efforts should be
included at all stages of disasters; e.g. at pre-disaster stage, DIA should be included
in EIA to support disaster safe developmental activities; during-disaster stage ensur-
ing Natural Resource Management; at post-disaster stage, sustainable recovery and
green growth strategies should be adopted. For climate resilience, integration of
CCA and DRR is required to enhance efficiencies and effectiveness, promote
synergies, and cohesiveness in policies, plans and projects. The best way to integrate
is to mainstream CCA and DRR in all existing and future plans, programmes and
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Table 1.5 Brief description of some of the Schemes and Programs where climate and disaster risk

reduction can be integrated

Schemes

Details

Swacch Bharat Mission

It is a national campaign of the Government of India, to
clean the streets, roads and infrastructure of the country. It
has two arms: SBM (urban) and SBM (rural)

Atal Mission for Rejuvenation of
Urban Transformation

It was launched in 2015 to provide basic services to
household i.e. water supply, sewerage, urban transport

Smart Cities Mission

The initiative aims to drive the economic growth and
quality of life in cities by enabling local area development
through the use of technology, information, infrastructure
development and services

Urban and Regional Development
plans Formulation and
Implementation

It has provisions for rainwater harvesting, conservation of
urban water bodies, water supply system, waste water
management system, energy efficiency, strategic plan for
new and renewable energy efficiency, strategic plan for
new and renewable energy, alternate sources of energy to
meet the city demand

Affordable Housing in Partnership
(AHP)

Gol approved the scheme of Affordable Housing in
Partnership (AHP) as part of Rajiv Awas Yojana (RAY)
on 3rd September 2013 to increase affordable housing
stock, as part of the preventive strategy

National Rural Health Mission
(NRHM)

It was launched by Ministry of Health and Family Wel-
fare in 2005 with an objective to provide support to health
care systems in rural areas of 18 states through provision
of physical infrastructure, human resources, equipment,
emergent transport, drugs, diagnostics and other support

Sarva Shiksha Abhiyan (SSA)

Gol’s flagship program—implemented in partnership
with states—to achieve Universalization of Elementary
Education (UEE) in a time bound manner, making free
and compulsory education to children of 6-14 years age

group

Pradhan Mantri Gram Sadak Yojana
(PMGSY)

PMSGY is launched by Gol in December 2000. It is a
fully funded Centrally sponsored Scheme to provide all
weather road connectivity in rural areas of the country

National Rural Livelihood Project
(NRLP)

The NRLP is implemented in 13 high poverty states
accounting for about 90% of the rural poor in the country.
Intensive livelihood investments would be made by the
NRLP in 107 districts, 422 blocks and 13 states (Assam,
Bihar, Chattisgarh, Jharkhand, Gujarat, Maharashtra,
Madhya Pradesh, Orissa, Rajasthan, Uttar Pradesh, West
Bengal, Karnataka and Tamil Nadu)

Special Package for Drought Mitiga-
tion Strategies

The project objectives are to restore ecological balance by
harnessing, conserving and developing natural resources
like soil, water and forest and improve the ecosystem by
checking soil erosion and deforestation. Gol in 2009
approved a special package for implementing drought
mitigation strategies in Bundelkhand region Uttar
Pradesh and Madhya Pradesh, to be implemented over a
period of 3 years starting 2009-10

(continued)
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Table 1.5 (continued)
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Schemes

Details

National Watershed Development
Project for Rain fed Areas
(NWDPRA)

The project aims at in-situ moisture conservation pri-
marily through vegetative measures to conserve rainwa-
ter, control soil erosion and generate the green cover both
on arable and non-arable lands. The scheme is
implemented at the field level by an inter-disciplinary
team of members from line departments of state govern-
ment and the beneficiaries of the watershed

Pradhan Mantri Krishi Sinchai Yojana

PMKSY is an amalgamation of ongoing schemes viz.
Accelerated Irrigation Benefit Program (AIBP) of the
Ministry of Water Resources, River Development and
Ganga Rejuvenation (MoWR, RD&GR), Integrated
Watershed Management Program (IWMP) of Department
of Land Resources (DoLR) and the On Farm Water
Management (OFWM) of Department of Agriculture and
Cooperation (DAC).It mainly undertakes rain water con-
servation, construction of farm pond, water harvesting
structures, small check dams and contour bunding etc.
MoWR, RD&GR, undertake various measures for crea-
tion of assured irrigation source, construction of diversion
canals, field channels, water diversion/lift irrigation,
including development of water distribution systems

Mid-Day Meal

The Mid-Day Meal Scheme directs state governments to
provide cooked mid-day meals in all government and
government assisted primary schools

Paramparagat Krishi Vikas Yojana

Paramparagat Krishi Vikas Yojana addresses critical
importance of soil and water for improving agricultural
production. The government would support and improve
the organic farming practices prevalent in India. Follow-
ing cluster approach mode of farming, at least 50 farmers
would form a group having 50 acres of land to implement
organic farming

Rshtria Krishi Vikas Yojana (RKVY)

Launched in 2007, provides ‘additional central assis-
tance’ to Central government and state schemes related to
agriculture. Region-specific agriculture research and
preparation of district agriculture plans, taking into
account the local needs and conditions

Integrated District Approach (IDA)

It was launched in late 2004 and early 2005 in 17 districts
across 14 states in the country (key strategies outlined by
UNICEF India). These strategies focused on promoting
community action and integrated delivery of services by
establishing horizontal linkage between communities and
line agencies on one hand and establishing an interface
between communities and line agencies on the other,
ensuring responsive, relevant and convergent delivery of
services

Integrated Child Development
Services

These projects strive to provide supplementary nutrition,
health care and pre-school education to children below
the age of six

Source: Gupta et al. (2016)



1 Climate Change: Extremes, Disasters and Call for Resilient Development 23

projects, wherever these are relevant and feasible. Tested tools and techniques are
available for adaptation according to the specific requirements of countries, sectors
and projects.
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Chapter 2 ®)
Evolution of Disaster Risk Reduction Creck o
Systems in India

Shweta Bhardwaj, Pritha Acharya, and Anil K. Gupta

Abstract India has always been vulnerable to different hazards due its diverse
geographic and climatic condition. In its initial years, disaster management in India
was purely driven by relief-based approach. Major activities during that period
included only providing relief and rehabilitation of necessary infrastructures, focussing
primarily on post disaster phases. Better understanding of disaster risk and lessons
learnt from past disaster events helped India in redesigning its approach for managing
disasters. It was then, when we witnessed a paradigm shift in India’s disaster man-
agement, a shift from ‘relief centric approach’ to a more comprehensive and holistic
approach for managing disasters; addressing disaster prevention, mitigation and pre-
paredness along with disaster relief and response through dedicated and committed
interventions in all the disaster phases (pre or post-disaster). This whole transition in
the disaster management approach is a result of enormous initiatives taken over the
years. Presently, India has a well establishment legislative, institutional and financial
arrangement at national and sub-national levels (states and districts) for managing
disasters efficiently. In this chapter, an attempt is made to trace this evolution of Indian
disaster management systems by highlighting various national or international poli-
cies/strategies that have played a defining role in reaching where India stands today in
this disaster management discourse. Along with this, efforts are made to draw an
understanding of the present challenges of disaster risk reduction systems and the need
for environment-based disaster management approach in the present scenario of
climate change and increased disaster risk.
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Keywords Disaster risk reduction (DRR) - Holistic approach - Relief centric
approach - Disaster vulnerability

2.1 Introduction

2.1.1 Understanding of Disaster and Vulnerability

Disasters cause enormous physical and economic losses along with severe social and
environment impacts, disrupting the normalcy of a society. Disasters are outcome of
complex human and environment interactions. Since ages, understanding disasters
and defining them holistically have remained a challenge for all. There are plenty of
definitions available, which are influenced by different school of thoughts which
evolved over different phases of disaster discourse. If we look at the prehistory of
disaster understanding, then disasters were perceived to be the “act of god”, these
actions were attributed to supernatural power, implicating that nothing can be done
by humans to prevent them from causing destruction (Quarantelli 2000). Over the
time, the view on disasters shifted from disasters as “act of god” to disaster as “act of
nature” and then to “act of nature” influenced by “act of man and women”.
However, the major shift in disaster discourse came with vulnerability perspective
of disasters. The idea of vulnerability came into the picture with the argument that
questioned the “naturalness” of disasters (McEntire 2010). It was then that a new
understanding of disasters came into existence which was based on social, political
and economical dimensions of disasters in contrast to the traditional disaster under-
standing which was solely based on hazards or the agents of disaster. Vulnerability is
believed to play a critical role in disaster occurrence and its consequences, and this
new approach captured the idea of how a society can create conditions in which
disasters can have differential impacts on different groups of people.

The evolved understanding of disasters and different disaster experiences helped
in addressing the gaps in India’s traditional relief centric disaster management
approach. It called for a paradigm shift in our approach towards managing disasters,
it was then we shifted from relief centric to preparedness centric disaster manage-
ment. The new approach advocated for overall, comprehensive and holistic man-
agement of disasters through dedicated and committed interventions in all the
disaster phases (pre or post-disaster). For a fact, in 1999 the Orissa super cyclone
caused dead of more than 10,000 people in contrast to this during cyclone Fani in
2019, death toll remained less than 100. Undoubtedly, it very well reflects the whole
transition in our planning and approach towards disaster risk management, particu-
larly when it comes to averting human deaths but still there is a long way to go before
we can manage disasters holistically and more efficiently. As on now we have been
able to curb down the losses of life but over the time witnessed increase in trends of
population affected, geographical area under disasters and economic damages and
losses. Underlying causes of risk and vulnerability, therefore, have now attained the
concern of recent researches. Dimensions of environmental damages, climate risk,
livelihood and health aspects and pathways of impact to infrastructure, property and
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resources of the people, sought a new focus of understanding in disaster manage-
ment approach.

2.2 Significance and Concept

2.2.1 United Nations-International Decade for Natural
Disaster Reduction (UN-IDNDR)

The first and foremost international initiative of its kind was the United Nation-
International Decade for Natural Disaster Reduction. Taking inspiration from inter-
national IDNDR and Yokohama strategy, India took number of initiatives to reduce
disaster related losses and damages.

United Nations designated 1990-1999 as the International Decade for Natural
Disaster Reduction (IDNDR) with aim of reducing impacts of natural disasters
through international actions, especially in developing nations. IDNDR focussed
on increasing capacity of nations in predicting, assessing, mitigating and preventing
natural disasters through scientific and technical knowledge, sensitive to cultural and
economic context of a country. The decade which started with the motivation of
fostering scientific and technical abilities for disaster risk reduction later expanded to
addressing social as well as economic impacts of disasters, during the decade. As the
outcome of IDNDR, in the mid of the decade at the first world conference on natural
disaster reduction at Yokahama in 1994, “Yokahama Strategy and Plan of Action for
a Safer World” was adopted. It is the first document to provide principles and
guidelines on disaster risk reduction at international level. During IDNDR, number
of initiatives has been undertaken by governmental and non-governmental agencies
in India. As stated by IDNDR—Indian Experiences and Initiatives IDNDR—Indian
Experiences and Initiatives 1999) some of key initiatives of the period included:

* Hazard and vulnerability mapping under the initiative taken by the Ministry of
Urban Development. First edition of Vulnerability Atlas of India along with the
housing vulnerability table was released in 1997.

» Various guidelines for disaster resilient construction were issued during the
decade for hazards like earthquake, cyclones, landslides and floods.

* Several advancements were made in early warning, disaster forecasting and
monitoring systems using science and technology.

» Establishment of institutional networks for research activities and enhancement
of human resource in the field of disaster management. In 1993, a Central Sector
Scheme on Natural Disaster Management Programmes (NDMP) was
implemented with core objective of carrying out different activities under
IDNDR which lead to establishment of National Centre of Disaster Management
(NCDM) in 1955 along with various other disaster management faculties in
different states across the country.
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* The decade also witnessed interventions of various Voluntary and
Non-governmental Organisation in different domains of disaster management.
Key focus areas of their intervention remained relief and rehabilitation post
disasters.

The decade 1990-2000 was an eventful decade for India, during which it witnessed
number of disasters extreme including Latur earthquake (1993), Malpha landslide
(1994) and Orissa Super-cyclone (1999). During the decade, India faced a total of
115 disasters in which almost 50,000 people lost their lives and 429 billion people
were affected by these disasters (ADRC 2002). Despite the efforts made during the
decade, Indian administration failed in managing disasters efficiently. The increased
disasters events and their impacts, particularly the horrifying experiences of Latur
earthquake and Orissa super-cyclone, helped government recognising the need for a
comprehensive approach for managing disasters; as a result of which Government of
India proposed the constitution of High Powered Committee. At the end of IDNDR,
in 1999, Government of India set up a High Powered Committee (HPC) on disaster
management with the initial mandate of preparing comprehensive management
plans for the ‘natural disasters’ which was later expanded to ‘man-made disasters’
at national, state and district levels. It was the first ever attempt in the country to draw
a holistic, comprehensive and systemic approach towards disaster management. The
recommendation of HPC came in October 2001, soon after the 2001 Gujarat
earthquake. High powered Committee recommended measures for bringing in
legal, institutional and financial reforms in the managing disasters. Some of the
key recommendation of HPC included establishment of legal framework through
enactment of disaster management act; it emphasized on instilling the culture of
prevention, strategic thinking, quick response and preparedness; establishing insti-
tutional framework by setting up National Centre of Calamity Management
(NCCM) and National Institute of Disaster Management (NIDM) at the centre and
disaster management departments at the states; strengthening financial arrangement
by reconstitution of calamity relief fund (CRF) and setting up of a National Disaster
Response (Rescue/ Relief/ Rehabilitation and Reconstruction) Fund and a National
Disaster Prevention Mitigation and Preparedness Fund. Post-independence, Ministry
of Agriculture was the nodal ministry for managing disasters in the country; in 2002
based on the recommendation of HPC the Ministry of Home Affairs was made the
nodal ministry for overall disaster management across the country. Also, there are
different nodal ministries and departments acting as lead agency for managing
particular type of disaster (flood, drought, earthquake etc.), as notified by the central
government.

Just at the beginning of the decade 2000-2010, India witnessed some of the worst
disasters in its history, the Bhuj earthquake, 2001 and the Indian Ocean Tsunami of
2005, both of these events left the authorities to rework and redesign their traditional
approach of dealing with disaster which was since its beginning was relief centric
and both of these events proved instrumental in establishing/defining legislative
history of disaster management in the country through enactment of National
Disaster Management Act, 2005.
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2.3 Strategies and Management

2.3.1 India’s Response to Disaster Risk Reduction: Prior
to National Disaster Management Act, 2005

Prior to National Disaster management Act, 2005, there was no legal mandate for
disaster management in the country; since there is no mention of disaster manage-
ment in India’s constitution. However, India is a very reactive nation and time to
time different disasters across the Indian history have led to establishment of
measures to manage the impact disasters particularly using relief based approach.
In order to assess what role National Disaster Management Act, 2005 played in
evolving disaster management system in the country, it becomes necessary to first
understand the scenario of disaster management before enactment of National
Disaster Management Act. As mentioned earlier, there was no legal arrangement
for managing disasters in the country. However, there were basic institutional and
financial provisions for disaster management.

Institutionally, at the national level, the Ministry of Agriculture remained the
nodal agency for managing disasters in the country through the Ministry’s Natural
Disaster Management (NDM) division. Apart from Agricultural Ministry some other
the ministries such as the Ministry of Civil Aviation, Environment and Forest,
Health and others acted as nodal agencies for some specific disasters. National Crisis
Management Committee (NCMC) was the apex operational agency for ensuring
implementation of relief measures effectively, headed by cabinet secretary and
constituted of secretaries of different departments. As deemed necessary, NCMC
has to give direction to Crisis Management Group (CMG). CMG, headed by Central
Relief commissioner consisted of senior officials from various ministries, the group
formed to ensure assessment of the relief measures needed during any calamity and
implementing necessary measures effectively by providing necessary support to
state. Also functions of CMG included yearly review of contingency plans of
different departments/ministries to deal with the calamities concerning their respec-
tive sectors. Institutional mechanisms at the state level included, relief centric
management of disaster taken care by revenue department which over the times
passed on to the department of relief and rehabilitation and then to the department of
disaster management (separate entity or sometimes within the department of reve-
nue). At the national level, High Level Committee constituted of ministers from
relevant departments (finance, agriculture and others) was responsible for taking
decisions on relief assistance to be provided to state in case of calamities on
recommendation of Inter-Ministerial Group (IMG). Central Crisis Group (CCG)
headed by secretary from Ministry of Environment and Forest, ensured management
of chemical disasters. Similar to centre, State Crisis management committee
(SCMC), headed by chief secretary, remained apex entity for coordinating relief
and response activities at the state. Crisis Management Group at state headed by
chief secretary has been formulated to manage chemical disasters. At district level,
district collector bears the sole responsibility of managing the disasters. District
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Table 2.1 Institutional and financial arrangements prior to the National Disaster Management
Act 2005

Arrangement | National level State level

Institutional | « Nodal Ministries * Revenue department/disaster man-
* Ministry of Agriculture—Central agement department/department of
nodal agency for disaster management | Relief and Rehabilitation®
* Ministry of civil aviation—air acci- » State Crisis Management Committee
dent (SCMC)
* Ministry of railways—rail accident * State Crisis Management Group

* Ministry of environment and forest-
chemical disaster, forest fire Ministry of
health—biological disaster

* Ministry of atomic energy—nuclear
disaster

* National Crisis Management Com-
mittee

* Crisis Management Group

« High Level Committee

* Central Crisis Group

Financial * National Calamity Contingency Fund |+ Calamity Relief Fund

# At district level, District Coordination Committee headed by district collector

Coordination Committee responsible for ensuring effective coordination of various
programmes and activities, looked at disaster management activities during any
crisis event as well.

Prior to DM act, disaster management financing evolved based on the recom-
mendations of finance commission over the years. Disaster financing was also
influenced by relief centric approach, focused on providing immediate financial
assistance to the affected and restoring critical infrastructures. The major funds
prior to DM Act were National Calamity Relief Fund at the national level and
Calamity Relief Fund at the states (Table 2.1).

2.3.2 National Disaster Management Act and National
Disaster Management Policy

National Disaster Management Act, 2005, brought the paradigm shift in the India’s
disaster management from relief centric approach, made emphasis on adopting an
integrated and holistic proactive approach addressing prevention, mitigation and
preparedness along with relief and response. Past disaster experiences highlighted
the need for a holistic approach for disaster management. Country needed a com-
prehensive legal, institutional and financial arrangements and the National Disaster
Management Act played a pivotal role in establishing one such comprehensive
disaster management framework in the country. Based on one of the most crucial
recommendation of HPC to address the limitations and gaps of disaster management
approach of that time, National Disaster Management Act was enacted in 2005,
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providing the much needed legal framework for disaster management in the country
at state and national level. The act, despite its top-down approach proved highly
useful in guiding sub-national entities i.e. states and districts in establishing their
own legal, institutional and financial provisions for effective management of disas-
ters. The act mandates the establishment of three tier institutional system for holistic
management of disasters at national, state and district level. The act lays down a
comprehensive institutional framework clearly defining structures, roles and respon-
sibilities of different agencies. National Disaster Management Authority (NDMA)
was designated as an apex central agency among the other three central entities at the
centre—National Executive committee (NEC), National Institute of Disaster Man-
agement (NIDM) and National Disaster Relief Force (NDRF). At state level, act
provides mandate for constitution of State Disaster Management Authority (SDMA)
and State Executive Committee (SEC). Similarly at district level, act envisaged
constitution of District Disaster Management Authority (DDMA). Apart from a
comprehensive institutional framework, the act also provided financial provision
for managing disasters. Act envisaged constitution of two types of funds—disaster
response fund and disaster mitigation fund at national, state and district levels. Act
also mandates the preparation of disaster plan at national and sub-national levels
(state and district) by the respective disaster management agencies.

In 2009, National Disaster Management Policy was notified; prepared in accor-
dance with National Disaster Management Act, 2005. The policy laid emphasis on
establishing holistic and integrated approach through community based disaster
management, developing capacities of the institutions as well as stakeholders,
bringing in multi-sectoral synergy and cooperation among regional, national and
international agencies. The DM policy envisaged promotion of culture of planning
and preparedness; ensuring participation of different stakeholders for disaster miti-
gation and preparedness (community, local institutions—panchayati raj bodies,
NGOs, CSR and others); establishment of proper institutional mechanism/chain of
command; standard operating procedures and disaster management plan at all levels;
development of disaster management codes/manuals, ensuring safe construction
practices; building capacity of communities, institutions artisans etc. and creating
knowledge network through research and documentation. The policy reinforced the
existing disaster management act by laying down an integrated policy covering all
aspect of disaster management, emphasizing on priority areas where interventions
are needed and drawing down different mechanisms required for operationalizing
these interventions in effective manner.

2.3.3 Post IDNDR: Hyogo and Sendai Frameworks:
An Integrated Approach

The close look at India’s national developments in the field of disaster management
post IDNDR, very well reflect the synergy between these development with the
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international efforts made post IDNDR for mainstreaming the culture of disaster
management and risk reduction. Taking into the account the international context; at
the end of IDNDR, as mandated by United Nation General Assembly resolution, an
International Strategy for Disaster Reduction (ISDR) was adopted and United Nation
office for Disaster Risk Reduction (UNDRR) was established as the secretariat to
facilitate the implementation of ISDR. UNDRR carried out the review of Yokohama
Strategy. The areas of gaps and challenges as identified during the review became
the key areas of intervention for upcoming framework for the decade 2005-2015. In
January 2005, at the world conference on disaster reduction, Kobe, Hyogo, Japan,
the “Hyogo-Framework for Action 2005-2015: Building Resilience of Nations and
communities to disasters” was adopted. Hyogo Framework for Action (HFA) laid
down five priorities for actions and guiding principles to build disaster resilience.
HFA aimed at reducing impacts, losses and damage by making countries and
communities resilient towards disasters. The concept of disaster risk reduction as
put forward by the Hyogo Framework strongly laid emphasis on disaster prepared-
ness and mitigation and not just the disaster relief and response like in previous
decades. During the decade, national government were reported to make major
progress against HFA’s objectives and priorities by strengthening institutional and
legislative mechanisms through adoption of framework and plan for effective man-
agement of disasters (GAR 2011). During this period, India also made a significant
progress in disaster management which were in line with goals and objectives of
HFA. National policy and legislative framework for disaster management
i.e. National Disaster Management Act (2005), National Disaster Management
Policy (2009) and National Disaster Management Plan were adopted; the three tier
institutional framework proposed by national disaster management act and policy
ensured participation all the stakeholders in disaster risk management (including
local communities); 11th five year plan mainstreamed disaster risk reduction into
national economic and developmental planning; setting up of institution like NIDM
ensured capacity development, training, research, documentation and knowledge
management on disaster risk management across the country; adaption of National
Action Plan for Climate Change, enforcement of building codes, redesigning of
financial provisions for disaster management are some of key initiatives take up
during the decade 2005-2015 which drew inspiration from HFA.

At the third UN World conference at Sendai, Japan, the “Sendai framework for
Disaster risk reduction” (SFDRR) was adopted. The successor framework of Hyogo
Framework for Action, SFDRR laid down seven global targets to be achieved till
2030 which includes targets on reducing global mortality, people affected during
disasters, disaster economic losses, damage to critical infrastructures and enhancing
international cooperation, national/local disaster reduction strategies and access to
early warning and disaster information, along with four priorities area for action. The
core theme of SFDRR include building resilience, ensuring inclusion of all stake-
holders (women, elderly, children, specially-abled and others) and promoting com-
munity based solutions for disaster risk reduction.

Interestingly, these international frameworks and strategies coincided with many
other global developmental initiatives; the subjects addressed under these initiatives
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holds an important place in disaster discourse and are critical for achieving holistic/
comprehensive management of disasters. In the year 2000, at the millennium
summit, 191 nations unanimously adopted Millennium Declaration which laid
down set agendas and targets for key developmental issues such as poverty reduc-
tion, health and nutrition, education and food security for twenty century, to be
achieved globally by the year 2015. Based on the framework for sustainable
development as envisaged by Millennium Declaration, MDGs were replaced by
‘Agenda for Sustainable Development’ in the year 2015. Agenda for sustainable
development consist of a set of 17 goals and 169 targets envisioned to be achieved
globally by 2030. SDGs envisage sustainable and inclusive development for all by
addressing social, economic and environmental issues along with other development
priority areas as focused under MDGs. SDGs have strong interconnections with
disaster risk reduction, which can be established by the fact that 10 out of 17 SDGs
are directly or indirectly linked to disaster risk reduction. Another such global
initiative is the Kyoto protocol of 1997, first of its kind legally binding agreement
for reduction and limitation of carbon emission by the ratifying countries for the
commitment period of 2008 to 2020. Another important intervention in area came in
2015 at 21st Conference of Parties, held in Paris which is called the Paris agreement.
It was ratified by 169 counties with the objective of combating climate change by
investing in low carbon future. At its core Paris agreement aims at keeping the global
temperature rise below 2 °C for the current century. Both these agreements were
instrumental in bringing the global attention towards global waning which contrib-
utes to climate change, leaving us more exposed towards the extreme events.
According to a report by CRED and UNISDR 2018, 91% of extreme events between
the period 1998-2017 were climate related. The number, frequency and intensties of
climate induced disasters is expected to increase with the emerging climate change
challenges.

2.4 Conclusion and Way Forward

2.4.1 Emerging Issues: Ways Forward for Disaster
Management Systems in the India

From first paradigm shift in disaster management, which was from relief to pre-
paredness centric, India is currently moving towards the second shift, which widely
recognises the need for environment centric approach towards reducing disaster risk.
The emergence of this paradigm is drawn from evolved understanding of disasters,
in which environment plays an important role; emerging environmental challenges
such as changing land use land covers, climatic patterns, degrading natural resources
and others are determining in increasing the exposure of people towards disasters
(Gupta and Nair 2013). Presently, for holistic management of disasters, there is a
need for operationalizing the second paradigm shift effectively through institutional,
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legislative and financial frameworks. This requires committed interventions partic-
ularly in three key focus areas: environment planning, infrastructure planning/
investments and strengthening of social capital.

On environmental front, there is need to address climate change and land use
challenges. As we all know, climate change is the biggest challenge that world is
currently facing which can be established by the fact that during past few decades we
have witnessed the rapid increase in climate induced disasters, whose impacts are
exacerbated due ill planned anthropogenic activities. Climate change is influential in
increasing the existing hazard risk as well as the future vulnerabilities as a result of
degraded environment. Changing land use patterns and natural ecosystems plays a
vital role in defining the exposure to climate changes and its consequences. There-
fore, land use planning and natural ecosystem management can be used as mitigative
and adaptive tools for combating climate change. Land use planning should be
central at national and sub-national developmental planning as well as it must be
in lines with the climate adaptive plans, ensuring to address the future climate change
issues.

There is a need for a more comprehensive policy instrument for land use planning
that should address land development, regulation and environment protection issues
as well as should manage and acknowledge the future demands for land resources in
the changing climatic scenarios. In this particular context (environmental and cli-
matic), widely recognised nature based approach can provides a golden opportunity
for addressing climate change adaption and mitigating biodiversity loss in one
go. Nature based solution approach which promotes use of natural ecosystems
such as mangroves, wetlands and other such systems can be helpful in reducing
disaster risk. There still remains number of areas within this particular approach with
enormous potential which are still underexplored or unexplored; green infrastruc-
ture, climate proofed agriculture systems are some of examples. Apart from
addressing various environmental concerns for reducing disaster risk there also lies
an immediate need to monitor and govern the infrastructural development. Infra-
structures are critical for smooth functioning of any society and are also one of the
most vulnerable assets during any disasters.

Investing in disaster resilient infrastructure sensitive to hazard profile of an area is
what we need the most at present to reduce the economic and other losses during
disasters. In this context, for cities in particular, this infrastructure resilience is very
crucial since cities not just houses huge population but also huge economic assets as
well. As predicted our cities will keep on growing spatially and would become more
populated in coming times. Meeting their future demands in terms of providing
living spaces, critical infrastructural services (electricity, water etc.) and waste
management in sustainable way is very much needed to ensure our cities are resilient
to future disaster extremes. Burgeoning population density and urbanisation pave
way for huge investments in infrastructures such as bridge, dams, transportations and
others, again it has to be ensured that these investments are sensitive to present and
future disaster risk.

Another important area that requires more attention in India’s disaster manage-
ment policies and plans is the investment in social capital. Social capital, embedded



2 Evolution of Disaster Risk Reduction Systems in India 37

in every community can play an important role in disaster risk management in each
of its stages. Communities are the ones who suffer the most during any disasters and
are also the first responders to these events. Due to such vital role that community
plays and the changing disaster traits, wherein disaster risk is becoming so
unpredictable, it become extremely necessary that our communities are well pre-
pared and aware. The community based approach for disaster management ensures
local participation and ownership. This would require interventions to increase
awareness of communities about disaster risk; building and enhancing capacities
of local stakeholders; strengthening local institutions and promoting indigenous
knowledge or measures for effective disaster management. Not just the local com-
munities but we need to tap into potentials of civil society organisations for manag-
ing disasters. As mentioned early, India has come a long way from where it had
started in the field of Disaster Risk Management but there is still a long way to go
before it can ensure holistic safeguard of its people (irrespective of their socio-
economic status), infrastructures, economic activities and environment; which will
require committed efforts from all the stakeholders including national and
sub-national government agencies, policymakers, local communities, NGOs and
others.
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Chapter 3 )
Climate and Weather Forewarning Systems <
for Disaster Preparedness and Response

Mrutyunjay Mohapatra

Abstract India experiences several types of natural disasters including cyclones,
floods, droughts, earthquake, landslides, heat wave, cold wave, thunder squalls and
tornadoes. Most of these natural disasters (about 80%) are hydro-meteorological in
nature. The risk management of these natural disasters may include several steps
based on its severity and importance: (1) hazard analysis, (2) vulnerability analysis,
(3) preparedness and planning, (4) early warning, (5) prevention and mitigation. The
early warning component includes: (1) skill in monitoring and prediction of natural
hazards, (2) effective warning products generation and dissemination, (3) coordina-
tion with emergency response units and (4) public awareness and perception about
the credibility of the official predictions and warnings.

Though there have been significant improvement in multi-hazard monitoring and
warning system in recent years due to various initiatives of Ministry of Earth
Sciences (MoES)/India Meteorological Department (IMD) and policy frame work
of government of India, there is still scope for improvement at state and district level
in terms of (1) improving the mesoscale hazard detection and monitoring, (2) improv-
ing the spatial and temporal scale of forecasts through technological up gradation,
(3) sectoral applications of early warning, (4) warning communication to last mile
and disaster managers through state of art technology, (5) developing synergized
standard operation procedure among the early warning agencies and user agencies
and (6) upgrading and enhancing the link between early warning service provider
and disaster managers. Further to stress the importance of the above, World Con-
ference on Disaster Risk reduction (WCDRR) during 2015 at Sendai has set a target
to substantially increase the availability and access to multi-hazard early warning
systems and disaster risk information and assessments to the people by 2030. All
these aspects have been discussed in this chapter with special emphasis on extreme
weather characteristics (spatial and temporal distribution and intensity etc.), damage
potential, modeling and prediction, prediction skills, information dissemination
mechanisms, socio-economic impacts, achievements in recent years, existing gap
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areas and future scope in view of Sendai framework to achieve the target for India
by 2030.

Keywords Climate - Early warning - Disaster risk information - Sendai framework

3.1 Introduction

It has always been challenging to predict weather, especially the extreme weather
events over the South Asian region including India due to mesoscale convective
processes in the tropics, varied physiography of the region and their complex
non-linear interaction with large scale atmospheric circulation. The South Asian
region including India is affected by different hazards including cyclone, depression,
heavy rainfall, thunderstorm/squall/hailstorm, storm surge and coastal inundation
etc. Most of these natural disasters (about 80%) are hydro-meteorological (water and
weather related) in nature.

India is one of the few countries in the tropics that have a long record of
observations that are necessary to understand tropical climate variability. These
long records are essential to understand changes in climate that occur over both
short and long-time scales. The accelerated global heating is disturbing the natural
processes, causing frequent disasters and amplifying the risk and vulnerability
associated with these events. India’s diverse physical and climatic factors make it
more vulnerable to climate change and related disasters (Rajeevan and Nayak 2017).
The risk management of these natural disasters depends on several factors including
(1) hazard analysis, (2) vulnerability analysis, (3) preparedness and planning,
(4) early warning, (5) prevention and mitigation (NDMA 2016). The India Meteo-
rological Department (IMD), Ministry of Earth Sciences (MoES) is the Nodal
National Meteorological agency mandated for issuing seamless operational weather
forecast and warnings for various meteorological hazards across the country. IMD
also provides forecast guidance to the South Asian countries and members of
WMO/ESCAP panel countries as the WMO designated Regional Specialized Mete-
orological Centre (RSMC). The regional guidance on severe weather events includes
cyclone, heavy rain, strong wind, sea waves and storm surge (RSMC, New Delhi
2018).

The components of a forecasting and warning system include (1) detection,
monitoring and warning through global, regional, national and local observations,
(2) numerical weather prediction, (3) forecasts on different timescales (now-casting
to several days), (4) timely dissemination of authoritative warning information,
(5) risk analysis and impact assessment.

All the above aspects of early warning are analyzed and presented in the subse-
quent sections. The climatology and variability of weather extremes are presented in
the following section.
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3.2 Present Scenario

3.2.1 Climatology and Variability of Weather Extremes

India’s diverse physical and climatic factors make it more vulnerable to climate
change and related disasters (Rajeevan and Nayak 2017). The climatology and
variability of weather and climate parameters like temperature and its extremes
(heat wave and cold wave), rainfall and its extremes (heavy rainfall leading to floods
and deficient rainfall leading to drought), tropical cyclones and other severe weather
events like thunderstorms, heat/cold waves etc. are presented and discussed below:

3.2.2 Temperature

According to Srivastava et al. (2017), based on the analysis of surface air temper-
atures using gridded monthly temperature data for the period 1901-2010, the annual
mean, maximum and minimum temperatures averaged over the country as a whole
showed significant warming trend of 0.60, 1.0 and 0.18 °C per 100 years respec-
tively. The rate of warming trend in the annual mean temperatures since 1980s is
much sharper, 0.2 °C per decade. On the seasonal scale, the highest increasing trend
is observed in the post-monsoon and winter seasons (Srivastava et al. 2017).
Monsoon season shows the lowest increasing trend. The warming is higher in the
northern, central and eastern/northeastern parts of the country and peninsular India
experienced the least warming.

Despite solar dimming, the mean annual air temperature has been increasing
(Srivastava et al. 2017) which may be due to increase in greenhouse gases.

Future regional Climate Change scenarios for the period 1950-2100 (Sanjay et al.
2017) indicates evidential temperature increases (more than 1.5 °C) across the
central and northern parts of India during 2031-2060. The annual warming range
over South Asia land areas is 1.8-3.0 °C by 2060.

3.2.3 Heat/Cold Waves

Heat wave is a condition of atmospheric temperature that leads to physiological
stress that sometimes becomes lethal for living beings. The World Meteorological
Organization (WMO) defines a heat wave as five or more consecutive days during
which the daily maximum temperature exceeds the average maximum temperature
by 5 °C. In India, heat wave is defined when the maximum temperature of a station
reaches 40 °C or more in plains, 37 °C or more in coastal stations and at least 30 °C
or more in hilly regions and the departure from normal is 5 °C (NDMA 2016).
Similarly, cold wave is defined as the condition when the daily minimum
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temperature falls below the average minimum temperature by 5 °C as per WMO.
Different countries also define cold wave differently in context of their local
conditions. In India, cold wave is considered if minimum temperature of a station
reaches at least 10 °C or less for plains, and the departure from the normal is 5 °C or
more. The criteria are different for northern hilly regions (IMD 2012).

3.2.4 Rainfall and Floods

Flood is the overflowing of the normal confines of water bodies or the accumulation
of water over areas that are not normally submerged. Over India, floods generally
occur during the southwest monsoon season (June to September) associated with
movement of westward moving low pressure systems such as monsoon depressions
(Rao 1976). On some occasions, interaction between the monsoon flow and
mid-latitude weather systems cause heavy rains and floods especially over northwest
and northern parts of India (e.g. Uttarakhand floods in 2013 and Jammu and Kashmir
floods in 2014). Floods also occur during post-monsoon seasons (October to
December) over the south-eastern parts of the country (e.g. Chennai flood in 2015)
due to low pressure systems or tropical cyclones.

The frequency of rainstorms (weather systems with potential of causing large
scale floods) has shown an increasing trend of 4 rainstorms in 65 years
(Guhathakurta et al. 2017) based on data of 1951-2015. A rainstorm is defined as
a closed isohyetal (line of equal rainfall) pattern around its heavy rainfall centre, the
grid point with maximum rainfall. The closed isohyetal pattern usually has an area of
about 50,000 km* or more with rainfall of 25 mm/day or more than that. The above
conditions should be satisfied for at least 2 consecutive days. The criterion on areal
extent is considered to include large rainstorms that cause large-scale flooding.

3.2.5 Tropical Cyclones

Cyclones bring strong winds, torrential rains and storm surges along with it. The
tropical warm North Indian Ocean (NIO), like the tropical North Atlantic, the South
Pacific and the NW Pacific, is a breeding ground for the disastrous tropical cyclone
phenomenon (Mohapatra et al. 2012), About five tropical cyclones develop over the
North Indian Ocean in a year including 4 over the Bay of Bengal (BOB) and 1 over
the Arabian Sea (AS) (Mohapatra et al. 2014). Out of these five, two to three tropical
cyclones become severe. The tropical cyclones develop in two seasons; viz.,
pre-monsoon season (April-June) and post-monsoon season (October—December),
with later being the primary tropical cyclone season (IMD 2013). Though there is no
significant trend in this ratio over the BOB, it shows also decreasing trend for the
NIO as a whole during the year. There is also significant decreasing trend in the ratio
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of tropical cyclone to CD during monsoon season (June—September) over the BOB,
AS and NIO.

3.2.6 Thunderstorms, Hailstorms, Squall and Lightning

Thunderstorms are potentially risky for aviation sector. Transport, power, commu-
nication and other socio-economic sectors are also well within the dangerous fold of
thunderstorms. Squall, strong updraft and down draft, turbulence and icing, cloud
electrification, lightning, localized heavy rain, hailstorms etc. are the weather con-
ditions when a thunderstorm strikes (Department of Science & Technology (DST)
2005).

Climatology of thunderstorms over Indian region studied by National Disaster
Management Authority (NDMA), 2018 based on IMD data of 1980-2010 show that
annual thunderstorm frequency more than 80 thunderstorm days per year occurs
over north-eastern part of India and some part of Kerala. Thunderstorms’ frequency
and intensity is maximum in summer months (March to June).

India is a country where one of the highest frequencies of hail occurs over the
year. There are about 29 hail days per year of moderate to severe intensity (DST
2005). About 25% of total occurrence in the past recorded hailstones has 3-cm or
more diameter. The hailstorms are mainly observed in the winter and pre-monsoon
seasons with virtually no events after the onset of the southwest monsoon (DST
2005).

Lightning is a high-energy luminous electrical discharge from a thundercloud to
the ground accompanied by thunder. The study shows that the frequency of lightning
and death due to lightning is increasing over the years based on the data of
1997-2011 (Singh et al. 2011). However, another study on lightning flash rate by
Saha, Singh, Kamra, Galanaki, Maitra, Singh, Singh, Chakraborty and Singh, 2017
based on data of 200-2014 indicate decrease in trend over northern parts of the
country and increase in trend over extreme western parts covering Gujarat and
Rajasthan.

3.2.7 Cloudbursts

Cloud burst leads to landslides and flash floods causing loss of life and property. The
cloudburst phenomenon is characterized by high intensity precipitation, usually
more than 10 cm/h, within a short span of time, over a small area (Dimri et al.
2017). The impact of cloud burst depends on its location and area of occurrence. If
the area involved is a small catchment characterized by steep hill slopes and high
river bed gradients, the impact is more ravaging.
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3.3 Significance and Concept

3.3.1 Weather Forecasting and Warning Services of IMD

The weather analysis and forecasting is the succession of following tasks:

To clearly understand the recent development and the actual condition of the
atmosphere at all-time scales (weather analysis);

To obtain the pertinent information from numerical models and observational
systems including satellite and radar and to assess the future evolution of the
atmosphere in order to determine the most likely scenario;

To deduce the consequences of the expected synoptic situation in terms of weather
elements (weather elements forecasting) and to evaluate the risk of the occurrence
of hazardous phenomena (risk assessment);

To prepare the meteorology related information (weather warnings) to be directed
towards the various internal or external users.

3.3.2 Monitoring Process

The entire process of extreme weather monitoring and forecasting is shown in a
schematic diagram (Fig. 3.1). The observational network for monitoring consists of
land-based surface and upper-air stations, observations from Doppler Weather
Radars (DWRs) and data from geo-stationary and polar orbiting satellites. In addi-
tion, observations from ships and buoys are of immense importance for the analysis
and forecasting of extreme weather, especially Ocean related hazards like cyclones,
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Fig. 3.1 Weather Monitoring and Forecasting process of IMD (Mohapatra et al. 2013a, b, c)
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monsoonal heavy rainfall etc. It is important to correctly determine the location and
intensity of the CDs over the ocean, as initial error in location and intensity can lead
to increase in error in forecast of location and intensity (Mohanty et al. 2010; Osuri
et al. 2012).

3.4 Strategies and Management

3.4.1 Forecasting System

A variety of observational data have been used in India till 1960s to forecast the
extreme events. Satellite era, since 1960s, added another feature. There has been
rapid development in objective techniques since 1970s and especially in recent years
for forecasting extreme weather events.

There are three types of NWP models, viz., individual deterministic models,
Multi-Model Ensemble (MME) and single model Ensemble Prediction System
(EPS) for different ranges of forecast as mentioned below (Regional Specialized
Meteorological Centre, RSMC), New Delhi, 2018).

3.4.2 Medium Range Forecast

Global forecasting system (GFS) global model (horizontal resolution of 12 km and
forecast upto 10 days), Unified model (horizontal resolution of 12 km and forecast
upto 10 days), Global Ensemble Forecasting System (GEFS) global probabilistic
model (horizontal resolution of 12 km and forecast upto 10 days, Unified model
ensemble prediction system (horizontal resolution of 12 km and forecast upto
10 days).

3.4.3 Short Range Forecast

There are many weather research forecast (WRF) Mesoscale model (horizontal
resolution of 3 and 9 km and forecast upto 3 days. All the above models are
operational at MoES (Ministry of Earth Science) using High Power Computing
Systems (HPCS). The model is run twice in a day (00 UTC and 12 UTC).

The super-ensemble has also been developed based on above ensembles. In the
ensemble prediction system (GEFS and UMEPS) run in MoES, various probabilistic
forecast products are generated for severe weather events, probabilistic occurrence
of different thresholds of rainfall (heavy rain and deficient rain), temperature (heat
wave and cold wave) and wind (squally wind and gale winds) etc. at different
locations/regions.
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3.4.4 Decision Support System (DSS)

The analysis, prediction and decision-making process is made by blending scientif-
ically based conceptual models, dynamical and statistical models, meteorological
datasets, technology and expertise (IMD 2013). For the sole purpose of it, decision
support system (DSS) is digitally used to plot and analyze weather parameters,
satellite, and Radar and NWP model products etc. This is further supported by
modern graphical and GIS applications for producing high quality analysis and
forecast products.

3.4.5 Warning System of IMD

The goal of the warning system is to maximise actions for safety. To carry out the
warning process, there is a well-defined Organization and Standard Operation
Procedure (SOP) is in place IMD 2012, 2013). The warning criteria are defined
for each parameter. Linkages with Media and Disaster authorities are well defined.
Scheduled time of issue and frequency of bulletins along with the content (text and
graphics) are also designed as per the requirement of users. The warnings and
advisories by IMD for national purpose are issued for different temporal ranges
(from a few hours (nowcast) to 5 days (short to medium range forecast)) and
different spatial domains (IMD 2012).

3.4.6 Cyclone Warning System

Types of bulletins and warnings issued in the interest of Mariners and coastal states
in cyclone specific situations are: Bulletin for All India Radio (AIR), Warnings for
Designated/Registered users, Bulletins for Press.

The cyclone warnings are issued to central and state government officials in four
stages. The First Stage warning known as “PRE CYCLONE WATCH” issued at
least 72 h in advance. The Second Stage warning known as “CYCLONE ALERT”
is issued at least 48 h prior to onset of adverse weather condition over the coastal
areas. The Third Stage warning known as “CYCLONE WARNING” is issued at
least 24 h in advance of the expected commencement of adverse weather over the
coastal areas. The Fourth Stage of warning known as “POST LANDFALL
OUTLOOK? is issued by the concerned ACWCs/CWCs/and CWD at headquarter
at least 12 h in advance of expected time of landfall.

The cyclone warning is provided on a real time basis to the Control Room of the
Ministry of Home Affairs, Government of India, besides other Ministries and
Departments of the Central Government, and electronic and print media and
concerned state Governments.
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3.4.7 Thunderstorm/Dust Storm/Lightning Warning

Severe thunder storms are localized phenomena with a life period of about a few
hours. These can be detected on real time with a dense network of DWR in the
country. The currently available array of numerical weather prediction system is not
capable to provide accurate location specific forecast of these thunderstorms and
associated weather with reasonable lead time.

In India, this nowcasting (very short range forecasting upto 3—6 h) is limited to
433 cities. At the same time the district level nowcast against the thunderstorm and
associated adverse weather is issued by IMD through its state level Meteorological
Centers to the disaster managers and general public. However, with the latest
advances in NWP models, IMD started issuing thunderstorm, squall and lightning
forecast twice a day valid for next 48 hours since April, 2018.

3.4.8 Heavy Rainfall and Flood Warning

IMD issues heavy rainfall warning at meteorological sub-divisional level through its
National Weather Forecasting Centre (NWFC) located at New Delhi. The following
are the terminology in use at present to indicate and forecast the rainfall intensity
(24 h accumulated rainfall ending at 0830 h IST of each day) in the short and
medium range weather forecasts (Table 3.1).

3.4.9 Heat and Cold Waves

The Ministry of Earth Sciences has implemented state-of-the-art coupled climate
model for seasonal forecasting. The model has been used to prepare the monsoon
forecasts since 2012. The model was used first time to prepare a temperature outlook
for the 2016 Hot Weather Season (April-June) and also cold weather season
(December—February) since 2016-17 (Benke et al. 2019). In short to medium
range, heat wave and cold wave warning are issued daily valid up to 5 days. The
color code system indicating severity of an expected heat wave and cold wave used
by IMD is given below (Tables 3.2 and 3.3).

Table 3.1 Categorization of rainfall and snowfall

Descriptive term Rainfall (mm) Descriptive term Snow depth (in cm)
Heavy rain 64.5-115.5 Heavy snowfall 64.5-115.5

Very heavy rain 115.6-204.4 Very heavy snowfall 115.6-204.4
Extremely heavy rain >204.5 Extremely heavy snowfall >204.5
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Table 3.2 Color code for cold wave severity

Cold wave

Yellow Alert Cold Alert Cold wave conditions at isolated pockets

(Be updated) persists on 2 nights

Orange Alert Severe Cold Alert | (i) Severe cold wave conditions persists for 2
for night days

(Be prepared)

(i) Through not severe, but cold wave

persists for 24 nights

Table 3.3 Color code for heat wave severity

Heat wave

Yellow Alert Heat Alert Heat wave conditions at isolated pockets
(Be updated) persists on 2 days

Orange Alert Severe Heat Alert | (i) Severe heat wave conditions persists for 2
(Be prepared) for day days

(i) Through not severe, but heat wave

persists for 24 days

3.4.10 Fog

There has been drastic improvement in the Fog monitoring and forecasting systems
at Indira Gandhi Interactional Airport (IGIA) in winter of recent years. It has been
possible because of successful and effective implementation of three new project,
viz., (1) installation of 13 Indigenous Drishti for runway visibility measurement,
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(2) Winter fog experiment (WIFEX) and (3) forecasting demonstration project
(FDP) in recent years (Ghude et al. 2017).

3.5 Warning Dissemination Mechanism

The warnings are disseminated to various users through telephone, fax, e-mail, SMS,
All India Radio, FM and community radios, Television and other print and electronic
media. These warnings/advisories are uploaded in the website of IMD (www.imd.
gov.in). Also the warning bulletins are disseminated by email and SMS to state and
national disaster management authorities. In case of emergency, police wireless and
telecommunication lines of railways and aviation authorities are also used. The
Cyclone Advisories bulletin for WMO/ESCAP Panel countries and international
airports are disseminated through global telecommunication system (GTS) and
e-mail.

Recently there is initiative through NDMA for Common Alert protocol (CAP) for
dissemination of thunderstorm warning. Once, implemented, it will be very useful
for quick dissemination to last mile. Further it is recommended that the synergized
observational and forecast and warning products in text cum visual graphics format
should be generated by IMD with direct CAP-feed facility so as to reach the last mile
with no loss of time. Similarly the proposed last mile connectivity through satellite
based initiative if ISRO, viz., Gagan Messaging System and Navik in collaboration
with MoES and state and central government will be very helpful to mitigate the
disasters.

3.6 Gap Areas

Weather Prediction Models are used for generating forecasts of weather and climate
parameters. However, the present day forecast models are known to have systematic
errors and random biases. Inaccurate treatment of physical processes in the models
(Physical parameterization schemes) is one of the largest sources of the errors in
weather and climate prediction models (MoES 2015). Therefore, it is important to
improve physical parameterization schemes in the models. This is an important, but
difficult task. Development of new physical parameterization schemes or improve-
ment of existing schemes will need many observational data of physical processes.
These data are used for testing a physical hypothesis, validating physical processes
in the models and also for tuning empirical constants used in the physical parame-
terization schemes. Therefore, observational campaigns, physical process studies
and model development should go together.

As mentioned earlier, the weather and climate services have improved over the
time due to investments in observations, modelling, and specialized trainings. At
present, there is a skilful short range prediction of weather up to 3-5 days over the
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Indian region. Since short range forecasts depend on initial conditions, improvement
in initial conditions can make a visible improvement in prediction skill. Therefore,
observational network (conventional, satellite and Radar) needs to be strengthened
and the data assimilation methods to ingest the observations need to improve. More
stress is needed to ensure good quality of data and their timely reception for data
assimilation. The current skill level of 3—5 days can be improved to 7-8 days by
employing an ensemble approach to forecasting in addition to the deterministic
forecasting system at very high horizontal resolution of about 10 km.

Significant research has been carried out in the past to enhance the understanding
on Indian monsoons, however, challenges and uncertainties still remain with respect
to the accuracy of monsoon predictions and precipitation forecast skill improve-
ments across different time-scales (daily, sub-seasonal, seasonal). A comprehensive
understanding of the monsoon involves the study of all aspects of the physical
climate system i.e., atmosphere, ocean, land, and cryosphere. The potential predict-
ability of the seasonal Indian summer monsoon rainfall is found to be around 0.70.
We need to address the issues that are required to improve the present skill of 0.55 to
the potential skill.

The users also need forecasts for much smaller spatial and temporal scale, for
example at district level. Even though seasonal prediction of district level rainfall
may not be feasible, attempts can be made to predict seasonal rainfall over a
sub-division, especially over the central plains of India. Extended range prediction
system provides very useful products at time scale of 15 days. This skill needs to be
improved beyond 3 pentads. At present, there are very limited applications with the
extended range prediction system. The potential areas in which these forecasts can
be applied are agriculture, water resources/management, power, energy and health.

On many instances of extreme rainfall having potential of causing floods,
flooding events are missed causing loss to economy and life as the meteorological
forecasts are not readily usable by various stake holders. Therefore, there is an urgent
need to improve and customize meteorological forecasts specifically for floods. For
formulating the flood forecast in the real time, the observed meteorological and flow
data are used into the calibrated and validated real time flood forecasting model to
forecast the flood flow and corresponding water levels for different lead periods
varying from few hours to few days depending on the size of catchment and purpose
of the forecast.

Accurate forecasts of the intensity of Tropical Cyclones (TCs) still remain a gap
area which sets the basis for research in improving the model. There is also scope to
further improve prediction skill in predicting landfall and associated rainfall, storm
surge and winds. The recent research analysis suggests that models do not perform
well in predicting associated heavy rainfall during the landfall of tropical cyclones.

Large research gaps include the understanding and prediction of thunderstorms
and associated adverse weather. Denser Radar network not only would help
detecting mesoscale convective system but also would help constraining the model
parameters for better representation of convection. Assimilation of meso-network
observational data would be necessary to generate mesoscale analyses/reanalyzes
representing the regional heterogeneity. Predictability of convection initiation and
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scale interactions associated with superposition of micro-scale, meso-scale, and
synoptic-scale processes needs to be studied. MoES has translated the high resolu-
tion weather forecast into lightning probabilities. This was one of the most important
gap areas of forecasting. However, it needs improvement in accuracy and spatial
resolution.

We need to improve in predicting prolonged heat and cold wave spells and
improve forecast accuracy of flash flood events over the urban and complex topog-
raphy. Another detrimental weather phenomenon during Indian winter months is the
dense fog formation over the Gangetic Valley which has very high damage potential
(physical as well as economical). Objective tools for short- and medium-range
forecasting of timing of onset, intensity and duration of fog well in advance falls
into one of the largest gap areas. A comprehensive understanding of micro-
meteorological and chemical processes responsible for the haze or fog formation
over the Ganges Basin and fog impact on health and ecosystems is not clearly
addressed yet. High-resolution mesoscale model, coupled with interactive aerosol
model with chemical details of species is also the need of the hour.

Forecasting urban weather is increasingly important to manage disasters, decision
making in the public sector, and for urban planning purposes, etc. Recent introduc-
tion of urban development plans such as Atal Mission for Rejuvenation and Urban
Transformation (AMRUT), Smart Cities Mission, and Housing for All (Urban) by
Prime Minister are modes to increase the opportunity for urban centers and espe-
cially urban areas are considered as “growth engines”. India is poised to have
100 smart cities in 5 years and 2 crore houses will be constructed in next 7 years.
These urban development plans also should be supported by adequate weather
related support systems for information, management and mitigation of urban
hazards such as heat wave, flash floods, heat islands, air pollution dispersion, etc.

3.7 Conclusion and Way Forward

The management of meteorological disasters will get improved due to advancement
in forecast and warning services including accuracy, lead period and communication
and dissemination. World Conference on Disaster Risk reduction (WCDRR) during
2015 at Sendai has set a target to substantially increase the availability and access to
multi-hazard early warning systems and disaster risk information and assessments to
the people by 2030. MoES and IMD continuously expands and strengthens activities
in relation to observing strategies, forecasting techniques, disseminating methods
and research relating to different aspects of extreme weather events to ensure most
critical meteorological support to disaster managers and decision makers.
Demands from the public/private/government sectors are increasing for more
accurate prediction of weather and climate at various temporal and spatial scales
due to possible impacts of global climate variability and change. Improved and
reliable forecast of weather and climate requires high resolution dynamical models.
Thus, intensive monitoring of various weather systems through different platform
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based observing systems provide not only the necessary information about current
weather systems, their effective assimilation in numerical models provide important
guidance for accurate forecasts. Hence, there is scope to improve further the climate
and weather services by providing high resolution customized impact based forecast
and risk based warning products for different existing and emerging socio-economic
sectors. There is need to:

Strengthen the observational network (conventional, satellite and Radar) on urgent
basis and to ensure good quality of data and their timely reception for data
assimilation into numerical prediction models.

Improve quantitative precipitation forecasts (QPF) for river basins and major cities.

To develop a meteorological support system for flood warning and forecasting and

To improve the intensity forecast of tropical cyclones (TCs).

To improve in predicting anomalous/unprecedented severe weather episodes, viz.,
prolonged heat and cold wave spells, thunder-storms spells, dense fog etc., and
improved forecast accuracy of these episodes in particular for flash flood events
over the urban and complex topography.

To further enhance the understanding on Indian monsoons and to improve the
forecast skill of monsoon predictions and precipitation forecast at different
time-scales (daily, sub-seasonal and seasonal).

Develop an Advanced Weather Prediction System, for block level forecasts, skill-
full for next 3—5 days and develop advisories for sectors like Agriculture, Disaster
Management, Water resources, Power, Tourism and Pilgrimage, Smart Cities,
Renewable Energy Sector and Transport. Users, especially farmers need forecasts
at least at block level for better planning of agricultural activities and renewable
energy sector need forecasts at minutes, hour and day-ahead time scales.

Develop an Advanced Regional Climate Services Framework to cater to the needs of
Agriculture, Water Resources, Alternate Energy Resources and Health on the
basis of location specific and user specific knowledge of the climate variability
and predictions of climate variables. Worldwide, there is a lot of emphasis on
developing/strengthening advanced climate services for various applications.

Carry out cutting-edge research studies on climate variability including monsoons,
meteorological droughts, desertification, land use changes using observations and
modeling.

Develop Urban Meteorological Services with dense Meso network, observational
and modeling strategy to cater to the needs of growing cities in the country.

Augment HPCS and data archival/storage facilities for MoES institutes to achieve
the above objectives, particularly on modeling and observational data storage/
archival.

There is also scope for improvement of (1) sectorial applications of early warning,
(2) warning communication to last mile and disaster managers through state of art
technology, (3) synergized standard operation procedure among the early warn-
ing agencies and user agencies and (4) the link between early warning service
provider and disaster managers.
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Chapter 4 )
Community Based Issues and Opportunities ¢
in Climate Change Adaptation and Disaster
Risk Reduction

Hari Krishna Nibanupudi

Abstract Intergovernmental Panel on Climate Change (IPCC) has given enough
evidences to justify the fact that current warming trend is the result of human
activities. Climate Change has and will continue to have a profound impact on
ecosystems, agricultural production and human well-being; in several ways that
impose new threats and challenges to the survival and sustainable development of
human beings. Climate Change is not only triggering an increase in frequency and
intensity of cyclones/hurricanes, floods, associated land erosion and landslide hazard
in some regions while it also causes prolonged periods of heat waves, water scarcity
and droughts in other regions where there are reports of drastic depletion of
underground water table, drying up of natural water springs and decreasing trends
of streams discharge. Mitigation and Adaptation are the two most important
approaches to counter Climate Change impacts. While efforts focus on carbon
sequestration and greenhouse gas reduction, adaptation measures lend strength to
resilience and coping capacities at several levels and scales. Powerful countries took
decades to acknowledge the reality of Climate Change which is result of their
relentless economic and industrial pursuits. After failing to deliver on the Kyoto
Protocol, they finally came together again to deliberate and finally agree on suitable
mitigation actions at 2015 climate conference in Paris. On the contrary, the simple
farmers, fishers, coastal communities, hill tribes, nomads in the high altitudes in all
parts of the world have felt and talked about the impacts of Climate Change, much
before climate scientists and the IPCC alarmed the world about it. These local
communities in remote corners of the world are at the front line to receive the impact
of the Climate Change. They have been dealing with it on their own with their
resilience, adaptation and coping strategies. In this background, this chapter dis-
cusses Community-based Adaptation (CBA) practices and suggests that the wisdom
of simple communities should guide policy measures for boosting adaptation and
resilient capacities.
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4.1 Introduction

Adaptation is defined as preparing for the impacts of observed Climate Change,
which include actions to both reduce adverse effects of Climate Change and to
exploit opportunities that might provide socioeconomic benefits (IPCC 2007).
Adaptation processes are analysed based on autonomous, planned or natural. Auton-
omous adaptation is defined as actions taken by private parties, including commu-
nities on their own in response to Climate Change and planned adaptation actions are
taken by both private parties and the Governance systems together in terms of
policies and programs while natural adaptation is seen as actions that appear within
the ecosystem because of Climate Change (Chambwera et al. 2014).

A wide variety of perspectives are discussed in defining community based
adaptation. In a nutshell, community based adaptation can be understood as an
approach that acknowledges peoples capacity in understanding crisis and develop-
ment challenges, their resilience in dealing with them and their ability to over come
them with suitable and proportionate external support and assistance, that is focused
on participatory processes. This chapter will discuss a variety of ways, the commu-
nities demonstrate adaptive capacities, the Issues and challenges they place, the role
of the external actors, including the Governments in creating enabling environment
and boosting adaptive capacities with appropriate policies and actions.

4.2 Present Scenario

The IPCCs new report on global warming underlines that we are already seeing the
consequences of 1 °C of global warming through more extreme weather, rising sea
levels and diminishing Arctic sea ice, among other changes (IPCC 2018). The rising
climate concerns of, communities, in the last few decades, in all parts of the world,
corroborate these findings who have been experiencing the rapid changes in average
temperature, unforeseen changes in the seasons, increasing frequency of extreme
weather events and other Climate Change impacts. As scientists have long predicted,
increasing global surface temperatures lead to more droughts and increased intensity
of storms. Further, the excessive evaporation of water in the atmosphere adding fuel
for more intense wind speeds and tropical storms (USGS).

Over the last twenty years, the majority (90%) of disasters have been brought by
floods, storms, heat waves and other weather-related events taking 606,000 lives,
with 4.1 billion people injured, left homeless or in need of emergency assistance
(UNISDR 2015). South Asia is considered to be the most disaster-prone region,
where, natural disasters have caused thousands of deaths, affecting over a billion



4 Community Based Issues and Opportunities in Climate Change Adaptation. . . 57

people. In 2015, South Asia alone witnessed 52 disasters and 14,647 deaths—which
is 64% of the global fatalities (UNESCAP 2015). India alone witnessed 10 extreme
floods between 1998 and 2017, causing economic damage of approximately US$45
billion, killing over 27,000 people and affecting more than 370 million people. IN
the same period, droughts impacted over 680 million people in the country (Devika
2019).

The hardest hit by these extremes are those who have least or absolutely no role in
the global climate mess that has been created by the rich countries and communities
in their reckless pursuit of unsustainable life styles. Different impacts of the climate
have been dealt with by communities in different parts of the world with their unique
ways of adaptation and inherent strength of resilience. United Nations Framework
Convention on Climate Change (UNFCC) defines adaptation as the process, prac-
tices, and adjustments in social, ecological and economic domains to moderate the
impacts of Climate Change (UNFCC, undated). Adaptation appears to be the only
option for communities especially in the developing countries since the impacts of
already damaged climate are going to be long lasting, even if further damages to the
climate is minimized. At the same time, the adaptive options for the communities in
the developing world are made tougher due to opportunistic trade and economic
policies of the west and native country compounded by chronic socio-economic
inequalities in the developing countries.

The recent spate of global commitments for climate adaptation has indeed been a
sigh of relief. However, the pace of Climate Change is much faster than the speed of
implementing the commitments, which is making adaptation more difficult and
expensive. The simple communities world over, whose livelihoods are rooted in
nature, soil and environment have been responding to these climate challenges in
their own way with flood defenses, early warning innovations, crop diversifications,
sustainable fishing, etc., without waiting for policy or financial incentives from
national governments and international actors. Gupta (2007) explains on how
“communities” living close to nature invariably evolve a language to understand
and interpret the variations and discontinuities in nature. Tribal societies whether in
Latin America or Asia or Africa have had a tremendously rich knowledge, based
upon local resources and nature (Gupta 2007) and understanding climate-
environment and life systems linkages.

For instance, the communities in the Koshi river basin in Bihar state of India, in
the wake of inadequate policy and infrastructure support have evolved their indig-
enous strategies to cope with the seasonal and intense flooding. Before the onset of
flooding, the communities erect heightened floor made of bamboo (machan) to live
there during prolonged days when flood water stays in the villages during the period
of flooding when they move to the machans, each family stock and carry food
(roasted maize floor for longevity), water, and ration for 15 days, along with first aid
kits prepared according to the household needs. Further, pastoral communities in
many parts of the world have conserved indigenous livestock breeds for thousands
of years through very careful evaluation and crafting of socio-cultural and economic
institutions (Gupta 2007). Such socio-cultural-technological and institutional
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innovations evolved by communities for over centuries helped them withstand
harshest weather and climate events, diseases, wars and other calamities.

However, such local climatic knowledge and adaptation capacities of communi-
ties are under tremendous stress for the last decade due to fast-paced worsening of
climate coupled with reigning scientific and political leadership that for decades
condemned anything indigenous to be obscure and unscientific and several govern-
ment regulations that served, snatched the management of natural resources from the
hands of local communities. In this backdrop, this chapter discusses a few options of
community adaptation and highlights the issues of adaptation, adaptation practices,
and challenges because of the rapid pace of Climate Change in the last decade.

4.3 Significance and Concept

4.3.1 Community-Based Adaptation

As discussed previously in the chapter, communities have evolved a wide variety of
adaptation strategies to deal with the times of crisis caused by droughts, other
disasters and shocks; with a sense of dignity, self, and community respect. For
instance, following classification of community’s portfolio adjustments to a variety
of risks (Gupta 1988) shows that communities make best possible autonomous
adaptation efforts to deal with the crisis before depending on planned and externally
driven adaptation solutions (Table 4.1):

It’s clear from the above analysis, externally driven adaptation approaches must
not overlook community priorities, dignity, and capacities and should focus more on
enhancing and enabling adaptation capacities than providing programmatically
controlled short-term dole outs. As UNFCCC (United Nations Framework Conven-
tion on Climate Change) suggests, enhancing adaptation capacities depend not only
on Government policies and agency programs but also on effective management of

Table 4.1 Communities Portfolio Adjustment to adapt to crisis situations (Gupta 1988)

Adaptation strategies

Adaptation actions

Intra-Household adapta-
tion strategies

Asset disposal, migration, reduction in consumption, reallocation of
resources and

Inter-Household adapta-
tion strategies

Labour, credit, land related bi-lateral contracts, exchange of favours
and their impacts

Intra-Community adapta-
tion strategies

Reliance on Common Property Resources, group ploughing, sow-
ing, group trading, group resources of food, fuel

Cultural adaptation
strategies

Drawing strategies and options from myths, folklore, sanctions on
private profits during stress periods, use of traditional systems and
calendars to anticipate and cope with risks, etc.

Planned-policy adaptation
strategies

Public interventions such as drought or flood relief from public
institutions, seed supply, disaster recovery, infrastructure develop-
ment, community capacity building, etc.
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community knowledge and resources. Further, parties to the UNFCCC and Paris
agreement recognize that adaptation practices should be guided by the best available
science combined with traditional, local and indigenous knowledge systems, eco-
system approaches and gender perspectives, for integrating adaptation into relevant
socioeconomic and environmental policies and actions (UNFCCC 2018). It is
therefore important to make adaptation interventions, recognize community
interdependency with the ecosystem, their traditional knowledge, cultural strengths,
while prioritizing on institutional technological and education type of interventions
inclusive of the ecosystem, traditional knowledge. Further, in the context of rapid
Climate Change events, the role of local knowledge, in mitigating the adverse
impacts of Climate Change will become even more important.

The subsequent sections will discuss the five approaches of community-based
adaptation for a resilient and sustainable response to Climate Change:

4.3.2 Ecosystem Links to Community Adaptation

It is increasingly evident that development interacts with nature and therefore with
natural hazards. When development pursuits ignore this reality, they contribute to
turning natural hazards into disasters and destroying lives, livelihoods, environment,
infrastructure, enhancing hazard risks and socio-economic vulnerabilities. The envi-
ronment and ecosystem services highly affect and determine human well-being. A
robust and healthy ecosystem serves as an absorber of natural shocks by mitigating
the intensity of natural hazards and reduces people’s exposure to hazard risks. The
environment can prevent or accelerate disasters depending on how the development
policies and practices treat the environment.

The World Health Organization estimates that 24% of the global human disease
burden is caused by the environmental factors whilst the Millennium Ecosystem
Assessment clearly shows the close linkages between ecosystem services like
provisioning (e.g., food, water and medicines), regulating (e.g., climate regulation
and flood control), and cultural services (e.g., recreational activities and spiritual
benefits) and human well-being (MEA 2005). In other words, human well-being is
intimately linked to the state of an ecosystem that sustains life.

Community well-being and adaptive capacities are also directly linked to the
climate, changes in climate with impacts on the environment. The way humans
interact with the ecosystem for survival, progress and recreation has continuously
changed over time. However, pace and magnitudes of human interaction with the
ecosystem have increased over the past century and have even more rapidly inten-
sified in the last five decades. These changes have caused a profound impact on the
climate which in turn affected ecosystems and changed ecosystem services ulti-
mately challenging the adaptive capacities of the communities.

For instance, research into the negative impacts of Climate Change on land and
environment and further impact on the well-being of Chepang communities in Nepal
has shown that diminishing of wild food that constitutes a vital source of nutrition for
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Chepang communities, due to environmental degradation resulted in widespread
malnutrition. Further, environmental degradation has also driven Chepang commu-
nities to previously unexplored urban territories exposing them to air and water
contamination and resulting in a variety of water and airborne diseases, including
diarrhea. Similarly, research conducted in Tibet has shown that degradation of
grasslands has not only created health hazards to the local communities but also to
the ecosystem due to abruptly changed lifestyle of local communities (Nibanupudi
H., Climate Risks and Eco system health based adaptation in the Hindu Kush
Himalaya Mountain Region, 4th International Disaster and Risk Conference, 2012).

The environment that is sensitive to Climate Change can reduce or aggravate
disasters, depending on how development policies and practices treat the climate.
Therefore, the outcome report of Rio+20 called for DRR to continue to be addressed
in the context of sustainable development and placed within the post-2015 develop-
ment agenda. It also called for increased coordination among national, regional and
international levels for a robust response to environmental emergencies and
improved forecasting and early warning systems and their integration into develop-
ment policy.

4.3.3 Faith Is Part of Community Adaptive Capacity

Faulty interpretation of modern science in the education system made us believe that
faith and traditions are regressive. True, faith and traditions can obstruct scientific
thinking, progress, and the pace of development to an extent. But it’s wrong to
believe that all that humans want are material progress and logical thinking in every
sphere of life. Faith continues to be the biggest healer and harbinger of hope for
human beings whose life is riddled with so many questions and challenges that
science can’t answer. There are a few traditions linked to faith in different parts of the
world that teach us the value of sustainability and tell us the way out from the climate
crisis. These traditions show the power of faith and spirituality in connecting
communities across religions in building and enhancing adaptation to climate
challenges. Many traditional cultural practices are born as an adaptive mechanism
to local natural variances and hazards. For instance, communities in Indonesia
continue cultural practices for thousands of years that are rooted in the context of
the local ecosystem. These practices are born out of a scientific understanding of
local ecosystem and aimed at protecting the ecosystem, adapting to local environ-
mental challenges, deriving livelihood benefits from the ecosystem and being
protected by ecosystem from climatic shocks.

Further, spiritual teaching and cultural practices that are rooted in faith also play
an important role in promoting livelihoods and lifestyles that are in harmony with
nature and contribute to ecosystem resilience to extreme natural events. Therefore,
faith, spirituality, and cultural heritage are important social capital for sustainable
livelihoods, CCA and disaster resilience. In many parts of the world, ecosystems are
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recognized as sacred places, for example, rivers, forests, and mountains. These
places are historical, ecologically and culturally interconnected with local people
living and depending on those environments. Respect and faith in these sacred places
are derived from the understanding and relationship of humans with nature. There-
fore, usually many places of worship are built in the lap of nature. Consequently,
investments in eco-system-based development will provide multiple benefits for
increasing resilience to climate shocks, enhancing adaptation, livelihoods, human
well-being, and ecosystem health.

Ancient Indian traditional wisdom signifies tree as an important resource for flood
risk reduction. This tradition tells people to worship trees as it provides them with
fruits, cover them from heat, dust, and rains. Even when floods uproot it, it still helps
humans and animals to survive by helping them to float. In Indonesia, Beringin tree
is considered sacred. People believe that gods live on it. Ecologically this tree grows
in arid and drought-prone areas and is vital to the local ecosystem. Local traditions
forbid cutting of this tree and people believe that God will curse if anybody harms
this tree. Similarly, Bodhi tree has a great ecological significance in low and mid hills
areas. This tree helps hold the soil, prevents landslides and increases water table.
Buddhism forbids cutting this tree as it considered sacred for its association with
Lord Buddha. Buddhism, as practiced in Sri Lanka, says—Before cutting any tree
for livelihood needs, the cutter should plant ten trees first. Otherwise, Godwill curse.
However, the misguided and arrogant belief that humans are the masters of all
natural resources on the earth is a major reason for the way we have been abusing
the nature all these years and have invited a catastrophe upon ourselves.

Faith leads a community to see the light amidst darkness, to see hope when there
are calamity and destruction all around. Such a hope triggered by the faith also forms
a vital element in communities’ adaptive capital and strengthens the resiliency of the
people which allows them to bounce back with a positive outlook of life. Further, in
the case of any disaster events, much before professional humanitarian organizations
step in, the affected communities are supported with preliminary relief support and
much needed psycho-social support by the local faith institutions such as the
leadership of Churches, Temples, and Mosques with their resources and infrastruc-
ture. Communities trust them, feel comfortable with them and most importantly find
much needed connection with them, as these institutions have been very much part
of their adaptive capital.

The faith workers, who may be called priests, religious teachers, etc., have much-
needed motivation to associate with communities, strengthen their adaptive capac-
ities as they see it as a divine duty. Most importantly the priests who are the
representatives of God can play and indeed are playing an important role in many
countries as powerful motivators for climate action and adaptation. In this backdrop,
it is no surprise that Pope Francis in his 2015 encyclical Laudato Si’ underlines the
importance of social and cultural adaptive capacities in protecting world climate.
Pope Francis says that the sustainability of physical, moral, spiritual and social
ecology hinges on culture and moral conditions created by it (SAPIENS, 201).
The ill-informed education systems and standardized tools of development wrongly
orient development practitioners to condemn faith (that is eco-friendly) as an
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obstacle to human progress. These standardized approaches drive the development
practitioners to “listen to what they already assumed” and ignore how faith is a lot
more powerful in the lives of communities than the financial resources that agencies
mobilize for them.

4.3.4 Women’s Adaptive Capacity Is a Key to Deal
with Climate Crisis

It is wrong to believe that women are born vulnerable. Women are great survivors,
adapters and resilient protectors of families against natural shocks as well as societal
cruelty. Women’s connect and knowledge of nature and environment make them
front-line soldiers to deal with the impacts of Climate Change. Despite the negli-
gence and marginalization, women continue to be the agents of adaptation to
environmental change. Women play a key role in the management of water, water-
sheds, forests, and other common pool resources (Meinzen-Dick et al. 2011).
Women and other marginalized groups hold indigenous knowledge of low-impact,
low-cost methods and coping strategies that can prove appropriate in strengthening
capacity for resilient farming practices in response to Climate Change. Different
other studies (Mitchell et al. 2007; Panda 2007; Van Koppen and Hussain 2007)
have also shown the women’s negotiation skill in the public, private, and community
spheres of social life and their coping strategies for dealing with downward mobility,
and how they accumulate new roles and balance these additional roles through a
process of negotiation.

Women are considered the managers of natural resources with the knowledge and
skills that are critical for sustaining the environment. Though they are often excluded
and under-represented in decision-making institutions and policy processes regard-
ing Climate Change, women are active agents who have developed locally adapted,
appropriate and sustainable coping strategies and responses within the scope of
limited access to resources and disadvantageous gender power relations (Nellemann
et al. 2011).

Women and girls have always maintained a complex balance of multiple roles,
both traditional and non-traditional. Meinzen-Dick and Zwarteveen states the
involvement of women in water user organizations in South Asia, enhanced the
effectiveness of water resource management. A study from Bangladesh revealed,
instead of growing paddy which requires more water, women grew off-season
vegetables and fruits in a home garden that fetch income (Mitchell et al. 2007).

With their valuable knowledge about ecosystem, ability to harness the environ-
ment sustainably, technical knowledge and skills in agriculture, livestock caring and
management of water for domestic as well as for agricultural uses and managing all
these alongside domestic chores and dealing with day-to-day shocks in all these
domains, women have been the core capital of adaptation for human societies for
many hundreds of years.
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There are several studies that documented the cases of women, who have shown
enormous adaptive capacities despite the disproportionate amount of challenges they
face after disasters. In the absence of an overarching international legal framework
that protects the rights and dignity of disaster-affected populations, the fate of
millions of climate and disaster-affected women around the world depends on the
discretion of local authorities, the capacities of local agencies, and existing short-
sighted management policies and practices. Common models of climate and disaster
intervention have yet to adequately recognize women-specific needs and their
adaptive capacities in the aftermath of climate extremes, including sexual abuse,
trafficking, unavailability of compensation for home-based livelihood loss, and
maternal and reproductive health care requirements.

Gender research studies, conducted in Tamil Nadu, India, in the aftermath of
Indian Ocean Tsunami in 2004, reveal several cases, where men spent all the
compensation money they received on personal pleasures, such as drinking, gam-
bling, etc. while women used every cent received on livelihood and food security
needs of the families. To meet the basic needs of the families many single and
widowed women doubled their labor work, reared kitchen gardens, grew and sold
vegetables, etc. (Pincha 2008). Similarly, when Koshi River floods in 2008, caused
sedimentation of thousands of hectares of croplands in Nepal, men migrated to cities
and some to other countries to find work. The women who were left behind decided
to reclaim the lost soils from the flood sedimentation. Without the help of engineer-
ing or any other support from the Government, hundreds of women toiled hard to
reclaim at least a portion of fertile soil so that they can restart the agriculture to meet
family’s food security needs (Nibanupudi H., Climate Risks and Eco system health
based adaptation in the Hindu Kush Himalaya Mountain Region, 4th International
Disaster and Risk Conference, 2012).

However, common models of post-disaster intervention have yet to adequately
recognize women-specific needs and vulnerabilities in the aftermath of the disaster
which includes a greater risk for abuse and trafficking, lack of compensation for the
loss of home-based livelihoods, and maternal and reproductive health care require-
ments that are often ignored. They have also failed to capitalize on women’s unique
capacities for risk reduction and disaster recovery.

Further, several dynamics make adaptation more difficult for some women due to
lack of access to formal education, economic poverty, discrimination in food
distribution, food insecurity, limited access to resources, exclusion from policy
and decision-making institutions and processes and other forms of social
marginalization.

Although their contributions are often overlooked, and they experience dispro-
portionate challenges after climate and natural disasters, women continue to play a
key role in preparing families and communities deal with climate extremes and
recover with dignity. Therefore, it’s vital to recognize and respect women’s adapta-
tion capacities and tap into women’s knowledge of environmental resources,
enhance their livelihoods skills and empower them to have a greater space in the
policy and polity to reverse vulnerability and strengthen adaptive capacities.
Community-based adaptation and disaster risk reduction initiatives should be used
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as opportunities to increase women’s access to and control over resources at all
levels. Access to finance and asset creation for women is vital to breaking the vicious
circle of gender-based discrimination of women in all sphere of life.

4.4 Strategies and Management

4.4.1 Community-Based Disaster Preparedness (CBDP),
a Planned and Institutionalized Adaptation Approach

For Disaster Management what matters most is- time gap between the disaster event
and the response that follows. Most of the loss of lives and properties occur during
these crucial periods. Hence, leaving the responsibility of saving lives to the
government agencies is not a wise and right way out for disaster management. The
response to a disaster should start when the disaster strikes and if organized local
group immediately strikes the action, the loss of lives and assets can be minimized.
Without empowering local communities for the impacts of changing climate, disas-
ter preparedness will always be less efficient and invite more loss of lives and capital.
The risky habitations, poor housing and sanitation conditions etc. are the few reasons
behind the vulnerability of local communities. Sustainability of disaster prepared-
ness lies in addressing these vulnerable conditions and changing their context while
organizing them to deal with disasters. The CBDP approach works for communities
where it is needed, where there is a favorable environment, communities have some
basic capacities and are willing to adopt the approach. These conditions must be
complimented with a planned approach to skill building, community organization,
stakeholder’s participation and policy and institutional support (Fig. 4.1).

Enlisting political support &
Institutionalizing in policy and
practice
Stakeholder
Ownership
Leaderships
> Skill bullding

-—
Understanding &
Prioritizing community needs

Fig. 4.1 Conditions for the successful adaptation of CBDP approaches (Nibanupudi 2004 (a))
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Table 4.2 Successtul CBDP adaptation approaches (Nibanupudi 2004)

Initiator Focus Strategies Adaptation Activities
Oxfam in Address factors of Community empower- Contingency planning
South India | Cyclone and Flood ment Task force groups forma-
Since 1998 | Disaster Risks Multi-stakeholder tion.
involvement Livelihood promotion
Vertical and Horizontal Disaster risk sharing
expansion of disaster Health, hygiene promo-
preparedness tion, housing, and drink-
ing water

UNICEF in | Address survival needs | Create equal ownership of | Contingency Planning.

West Ben- of communities in the Government and Commu- | Task force groups forma-

gal first few weeks after nities. tion.

Since 2000 | massive flooding. Use Women’s groups as Family survival, child
Sustaining these initia- | an entry point. survival, and pregnant
tives with or without Integrate with polio eradi- | woman survival Kits.
localized needs-based cation programs. Promotion of low-cost
interventions lifesaving kits, Machans

and elevated tube wells

UNDP in Local Level Risk Capacity building to Insti- | Multi-hazard prepared-

India Management tutionalize Disaster Risk ness and mitigation plans

Since 2002 Management with the for Disaster Risk Man-

involvement of local agement at all levels of
Government units Governance from state to
village

CUBA Culture of Preparedness | A development model that | Appropriate legal frame-

Government reduces disaster risk work.

Since National and local level

50 Years contingency plans.

Creation of social and
human capital

Disaster preparedness in
schools and colleges

Typically, a CBDP oriented adaptation program needs a survey of the villages, as
the initial step. This survey should be based on the past experiences of the commu-
nity when it faced disasters. This sharing is further ascertained in multiple commu-
nity meetings followed by articulating the community’s strengths and weaknesses
concerning a disaster situation. Within this process, the community identifies threats
and needs during a disaster and develops adaptation plans and delegate responsibil-
ities among multiple groups. They approach the government and private institutions
for necessary resources and other forms of support to make adaptation plan achiev-
able. Further, CBDP oriented adaptation approaches are bottom up by nature but
must have gender-equal leadership and participation, wider stakeholders support
policy and institutional backing and should be pursued as integral to the local
development agenda. There are several successful CBDP approaches in India and
other countries (Table 4.2) all of which were built by meeting the conditions
analyzed in Fig. 4.1.
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As depicted in Table 4.2, CBDP oriented adaptation approaches can’t be pursued
in isolation either by the government, NGOs or by the communities. Community-
Based Disaster Preparedness oriented adaptation approach requires collaborative
action and commitment by all important stakeholders- governments, NGOs, com-
munities, media, and the academic community. As amply demonstrated by Cuban
experience, disaster preparedness helps reduce risks comprehensively only when it is
adapted into daily lives consciously and consistently. The above approaches further
highlight the importance of adaptation approaches like CBDP to be integral to our
development planning. Disaster preparedness should become a culture and a con-
scious practice. It is necessary that potential hazard risks are determined, and risk
management approaches are considered while designing development plans
i.e. poverty reduction strategies/socio-economic development plans. Communities
provide much-needed commitment and creativity in developing strategies for inte-
grating adaptation needs into specific development plans and practices.

4.5 Conclusion

Communities at the front line of Climate Change demand nothing, for; they can’t
rely on uncertain global support system or ineffective governance in their countries.
They continue to evolve their own adaptation mechanism to deal with emerging
challenges. As discussed in the chapter, communities adaptive capacity is evolved
through generations of communal living, collective spirit, bonding with eco system,
joint planning and resource management, faith and acceptance of challenges of life
and most importantly the critical leadership roles women play in holding the families
and communities together and providing invisible leadership in creating resilient
communities.

However, just because, they are adaptive and resilient to deal with crisis silently
and peacefully, communities should not be left to fend for themselves. Conference of
Parties (COPs) seventh meetings from 2001 in Marrakesh to the COP-21 meeting in
Paris have acknowledged adaptation needs of communities in the developing coun-
tries and have created finance, technology and capacity to support community
adaptation. These initiatives include the National Adaptation Plan, Local Adaptation
Plan, and Least Development Countries Fund with technical support arrangement
called Least Developed Countries Group, Nairobi Work Program, Green Climate
Funds, etc.

However, whatever has been committed or made available for climate action is
far less than what is needed and what has been agreed. Developed countries are far
from fulfilling the pledge of $100 billion they made at the Paris convention in 2015.
Although the Paris agreement has gained support from almost all the countries in the
world, the most powerful and most polluting nation, the USA was able to withdraw
from it because of the absence of legal binding.
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4.6 Way Forward

It is high time that Climate Change Adaptation and mitigation actors, humanitarian
and DRR institutions push for an international climate legal framework on the lines
of human rights law that has the teeth to push for the rights and dignity of the climate
affected people. The available funding for Climate Change Adaptation should focus
on boosting adaptation capacities of communities and also reducing their exposure
to the ever-increasing risk of climate extremes.

Greater emphasis should be on improving women’s livelihoods, and strengthen
adaptation by ensuring women’s access, control and ownership of resources (such as
land, livestock, property and income opportunities) and access to development
resources such as credit, information, training and outreach, and culturally
appropriate and labor-saving technology. Further, there should be designated focal
institutions at all levels of the government to streamline and coordinate community-
based adaptation planning coming from multiple agencies to optimize on the invest-
ments and harness collective knowledge, technology and resources.
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Chapter 5 )
Flood Management: Present Practices ekl
and Future Revisions Under Climate

Change

Archana Sarkar

Abstract Flood disasters are the largest cause of economic losses in India in the
recent years. Climate Change will influence stream flow patterns mainly through
changes in the volume and timing of precipitation as well as snow melt from glaciers,
and changes in the type of precipitation, snow or rain. The present design criteria/
policies of Flood Management in India do not account for the impact/scenarios of
Climate Change on flood discharge in rivers and streams. The present chapter
presents a brief review of the riverine flood problems of the country including the
general practice of Flood Management, government initiatives and policies on flood
and case studies attempting to study the impact of Climate Change on floods and
Flood Management.

Keywords Flood management - Climate change - National water policy - Design
flood - Return period

5.1 Introduction

Many of the observed changes to the global climate system since 1950s are unprec-
edented. These observed changes indicate warming of atmosphere and ocean,
diminishing amounts of snow and ice, rising of the sea level, increase in the number
of extreme precipitation events in various regions, decrease in the number of cold
days and increase in the number of warm days and nights on the global scale. In
respect of extreme precipitation events, there are likely more land regions where the
number of heavy precipitation events has increased than where it has decreased. The
increasing trend in extreme precipitation, which usually incurs extreme discharges in
some watersheds, implies greater risks of flooding at a regional scale. Meanwhile,
impacts of the climate-related extremes, such as extremely heavy precipitation, heat
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waves, droughts, floods, cyclones, thunderstorms and wildfires, may endanger some
ecosystems and many human communities (IPCC 2014).

Floods include river floods, flash floods, urban floods and sewer floods, and can
be caused by intense/heavy and/or long-lasting precipitation, snowmelt, dam break,
or reduced conveyance due to ice jams or landslides. The severity of floods is
dependent on various factors such as timing, volume and intensity of precipitation;
antecedent river flow conditions; antecedent soil moisture and soil conditions in the
drainage basin of rivers; antecedent snow and ice in snow-fed river basins; presence
of manmade structures such as dams/dikes/reservoirs across the rivers; and extent of
urbanisation within the drainage basin of the river. Encroaching of flood plains
increases the damage potential of floods and there is a lack in the flood response
plans.

5.2 Present Scenario

5.2.1 Global Trends

The damaging effects of floods are complex. The direct impact of floods can be seen
in the form of damages to major infrastructure disrupting normal life in the form of
damage to supply systems of electricity and water, disruption of roads, railway lines
and airports affecting the transport system. The sewage disposal system also gets
disrupted leading to health hazards. As such, the economic losses due to floods are
much bigger than the figures calculated based on the direct damages to buildings and
other infrastructures (Hallegatte 2015). Indirect economic losses in terms of damage
to agriculture, horticulture and livestock etc. are typically spread well beyond the
flooded area and may last much longer than the flood itself. A major flood disaster
may affect the local as well as regional economy which in turn may affect the
national economy seriously. Figure 5.1 shows the top 10 countries/territories of the
globe in terms of absolute losses (billion US$) during 1998-2017.

5.2.2 Flood Issues and Existing Flood Management
Mechanisms in India

In India also, many parts of the country face recurrent floods which cause damage to
public property as well as loss of lives. As reported by Marchand et al. (2015), about
five million people are exposed to riverine floods every year in India. However, the
economic impact of floods is much larger due to its impact on the economic activities
which in turn affect the national economic growth. It can be noticed from Fig. 3.1
that for India in absolute monetary terms, floods are responsible for majority of the
losses amounting to US$79.5 billion, reflecting high asset values as well as frequent
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Fig. 5.1 Top 10 countries/territories in terms of absolute losses (billion US$) 1998-2017 (CRED
and UNISDR 2018)

events. Besides, Indian continent has peculiar climatic conditions since it has floods
in some parts whereas drought in other parts. India has a two tier Flood Management
system exists briefly described in the following sections.

5.2.3 State Level Mechanism

State level mechanism includes the State Water Resources Departments, State
Technical Advisory Committee and State Flood Control Board. However, in some
of the States in India, the Public Works Departments and the Irrigation Departments
take care of the flood matters. As per the Indian constitutional arrangements, Flood
management is a State subject, therefore planning, funding and execution of various
schemes for flood control are taken up by the State Governments themselves as per
their own priorities out of their State plan funds which are made available to them
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through Planning Commission. Central Government provides an assistance which is
technical, catalytical and promotional in nature (Marchand et al. 2015).

The State Specific Action Plan on Climate Change (SAPCC) is a recent initiative
of the Government of India under the National Water Mission (NWM) which is one
of the eight missions of the National Action Plan on Climate Change (NAPCC)
under Prime Minister’s Council of Climate Change established in 2008. The
NAPCC aims at inclusive and sustainable development strategy to sensitive climate
change. In line with NAPCC, SAPCC can help States address climate change issues
including water resources and flood management. There is a common framework of
SAPCC followed by all the Indian States which would be helpful in harmonizing
national and state level actions for all sensitive sectors including water.

5.2.4 Central Government Mechanism

In order to enable the State Governments to take up the flood problems in a
comprehensive manner, the Union Government has set up various organizations
and expert committees described below:

5.2.4.1 Central Water Commission (CWC)

The Central Water Commission (CWC) was set up by the Government of India in
1945 with a mandate of furthering and promoting measures of conservation and
utilization of water resources as well as flood control throughout the country in the
areas of river conservation, Flood Management, irrigation and hydropower genera-
tion, and beneficial. CWC is also entrusted with the work of flood forecasting and
warning in India. Presently, CWC has a network of 226 flood forecasting stations
comprising of 166 Level Forecasting Stations for towns/important villages and
60 Inflow Forecasting Stations for Dams/Reservoirs (Central Water Commission
2018).

5.2.4.2 Brahmaputra Board

Under Brahmaputra Board Act, 1980 (46 of 1980), the Government of India set up
Brahmaputra Board under the then Ministry of Irrigation (now Ministry of Water
Resources, River Development and Ganga Rejuvenation). The function area of
Brahmaputra Board includes all NE States in Brahmaputra and Barak Basin. Flood
Management master plans for Brahmaputra and Barak Rivers have been prepared by
the Brahmaputra Board. Survey and investigations for of master plan preparation
addressing the problems of flood, erosion and drainage congestion including DPRs
for multipurpose projects have also been taken up by the Brahmaputra Board.
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5.2.4.3 Ganga Flood Control Commission

The Government of India set up the Ganga Flood Control Commission (GFCC) in
1972. GFCC has prepared Flood Management plans of the 23 sub-basins of Ganga
Basin apart from implementing them in phased manner including updating of
22 plans once and 5 plans twice. GFCC carried out studies for assessment of the
adequacy of existing waterways under road and rail bridges for 21 river system in
Ganga Basin and apprised about 300 flood management schemes since XI Plan.
GFCC has also monitored several flood management schemes implemented in the
Ganga basin with central funding (GFCC website: http://gfcc.bih.nic.in/achieve
ments.htm). However, impact of climate change on flood management has not been
considered in any of the schemes/studies of GFCC so far.

5.2.4.4 Farakka Barrage Project Authority

Farakka Barrage is located in Murshidabad and Malda districts of West Bengal at
about 300 km North of Kolkata. It is one of the largest barrage of its kind in the
country having a Feeder Canal for a flow of 40,000 cusec (1135 cumec) whose bed
width is wider than that of Suez Canal. The anti-erosion as well as the riverbank
protection works by the project authority do not consider the impact of climate
change in their design criteria.

5.2.4.5 National Disaster Management Authority (NDMA)

Under the Chairmanship of Hon’ble Prime Minister of India, the Government of
India has set up a National Disaster Management Authority (NDMA) in 2005 for
prevention and mitigation effects of disasters (including flood disasters) as well as
for undertaking a holistic, coordinated and prompt response to any disaster situation.
In January 2008, the NDMA has issued Flood Management guidelines and specified
the roles of various Central and State agencies for preparation of flood mitigation
plans including taking up of relief measures during flood disasters.

5.2.4.6 National Disaster Response Force (NDRF)

The National Disaster Response Force (NDRF) was constituted in 2006 under the
Disaster Management Act for the purpose of specialized response to natural and
man-made disasters. The NDRF has a unique distinction of being the only dedicated
disaster response force in the world. Presently, NDRF consist of ten battalions.
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5.3 Government’s Initiatives and Policies on Floods

The Government of India took several initiatives after the unprecedented floods of
1954 and constituted a number of Committees to study the problem of floods in the
country. Some of the important expert committees are listed below:

* Policy Statement—1954

» High Level Committee on Floods—1957 and Policy Statement of 1958

* National Flood Commission (Rashtriya Barh Ayog R.B.A)—1980

» Expert Committee to Review the Implementation of the Recommendations of
National Flood Commission-2003 (R Rangachari Committee)

» National Water Policy (1987)

* National Water Policy (2002)

* National Water Policy (2012)

Detailed account of the recommendations of above committees can be found in
various literatures.

5.4 Need of Revised Flood Management Practices

Flood damages in the future will be governed greatly by the decisions of land use
plans, patterns of settlement, the accuracy of flood forecasting, the quality of flood
warning and response systems, and the economic value of infrastructure located in
vulnerable areas (Mileti 1999; Pielke and Downton 2000; Changnon 2005), as well
as on climatic changes (Schiermeier 2006). Kleinen and Petschel-Held (2007)
reported through their study of the impact of global warming on flood hazard
vulnerability of various river basins of the world that the river basins likely to be
affected by increased flood hazard by the 2080s house about 20% of the world’s
population.

In spite of all the measures undertaken in India, flood damages, losses and deaths
continue to be an annually recurrent phenomenon and seem to be increasing. There
are other contributing factors for the flood damages like societal changes, including
demographic and economic growth and climate change. Moreover, Climate Change
could become a key driver of change in population exposure to river floods in India
in the coming decades. Many authors have carried out future climate studies for
South Asia which are based on climate model simulation (Lal et al. 2000; May 2004;
Meehl and Arblaster 2003; Rupakumar et al. 2006; Trenberth 2011). These studies
point towards the intensification of monsoon precipitation, due to global warming
over a broad region covering South Asia. A recent World Bank Report (2013)
predicts that India will be threatened by a more erratic monsoon season, extreme
floods, rising sea levels and very high temperatures due to Climate Change. Over
past several years, many expert committees constituted by the Government have
undertaken the flood studies and come up with Flood Management measures and
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plans. However, the trend of flood disasters and damages has been increasing over
the past five decades despite the various measures undertaken posing challenge to
the Government as well as to the people (Ahmad 2018). The approaches to Flood
Management presently exercised in India also need to give a re-look to have an
integrated strategy for policy and management related to floods with reference to
Climate Change.

5.5 Causes and Drivers

5.5.1 Indian River Systems and Associated Flood Problems

In the context of flood problems, the Indian Rivers have been classified into four
broad regions (Mohapatra and Singh 2003): (1) Brahmaputra Region; (2) Ganga
Region; (3) North West Region; and (4) Central India and Deccan region. Figure 5.2
shows the flood prone area in various river basins of the country.

5.5.2 Brahmaputra River Region

The Brahmaputra River region comprises of the Brahmaputra and Barak River
system. Seven States of the country namely, Assam, Meghalaya, Arunachal Pradesh,
Mizoram, Manipur, northern parts of West Bengal, Tripura and Nagaland fall into
this region. The catchments of these rivers receive very heavy rainfall ranging from
110 cm to 635 cm at various stations within the catchment (India-WRIS wiki 2015) a
year which occurs mostly during the months of May/June to September resulting in
very frequent and severe floods. The major flood problems in this region are the
flooding rivers by overflowing their banks due to drainage congestion and tendency
of some of the rivers to change their courses. River bank erosion in the Brahmaputra
in recent years has assumed serious proportions.

5.5.3 Ganga River Region

The Ganga River region comprises of the Ganga River system. Ten States of the
country namely, Uttarakhand, Himachal Pradesh, Uttar Pradesh, parts of Haryana,
Rajasthan, parts of Madhya Pradesh, Delhi, Jharkand, Bihar, South and Central parts
of West Bengal fall into this region. Major tributaries of the Ganga River region are
the Ghaghra, the Gandak, the Kosi, the Yamuna, the Sone, and the Mahananda. The
normal annual rainfall variation in this region is from 60 cm to 190 cm of which
more than 80% falls during the south-west monsoon (India-WRIS wiki 2015).
Similar to rainfall, the direction of increase of flood problems is from south to
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Fig. 5.2 Flood Prone Area (depicted by RED color). Source: India-WRIS wiki (2015)

north and from west to east. The problem of drainage congestion is prevalent in the
North Western as well as some eastern parts of the region. On the other hand, the
States located in the downstream of the Ganga region face serious problems of

flooding and erosion.

5.5.4 North West River Region

The North West River Region comprises of the rivers Sutlej, the Beas, the Ravi, the
Chenab and the Jhelum, as well as the tributaries of Indus. Five States of the country
namely, Jammu and Kashmir, Punjab, parts of Himachal Pradesh, parts of Haryana
and parts of Rajasthan fall into this region. All the rivers of this region originate in
the Himalayas and carry heavy discharge during the monsoon period and also huge
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amount of silt. These rivers frequently change their courses and leave behind tracts
of sandy waste. The flood problems in the North Western River region are less
compared to the regions of Compared to the Ganga and the Brahmaputra River. Vast
areas of this region face a major problem of inundation and water logging caused by
inadequate surface drainage. There have been incidents of flash floods due to cloud
bursts as well as heavy floods due to continued heavy rains in the J&K State of this
region in recent past.

5.5.5 Central India and Deccan Region

The Central India and Deccan Region comprises mainly of the rivers namely, the
Tapi, the Narmada, the Mahanadi, the Krishna, the Cauvery and the Godavari. The
river courses of these rivers are mostly stable and well defined. Except for the delta
area, natural banks of all the rivers have adequate to carry the flood discharge.
However, the important rivers on the east coast have embankments in their lower
reaches which largely eliminate the problems of floods. However, the recent floods
in Kerala in August 2018 are an exception. As per the analysis carried out by the
Central Water Commission (CWC 2018), the August 2018 flood in Kerala was due
to severe storm occurrences during 8-9, August 2018 and 15-17, August 2018. It
has been further clarified in the above report that the flood situation due to the 1-day
rainfall of above 200 mm in most of the area and the continuation of such severe
rainfall for another 3—4 days could not have been mitigated even with the 75%-filled
reservoir conditions. Further investigations on Climate Change attribution have been
taken up by many researchers.

5.6 Flood Management Measures

Various measures of reducing the flood losses and protecting of the flood plains have
been adopted in India. The Flood Management measures can be broadly classified in
two categories: (a) Engineering/Structural Measures; and (b) Administrative/Non-
Structural Measures.

5.6.1 Engineering/Structural Measures

The engineering measures in the form of physical structures attempt to modify/
control the floods which bring relief to the flood prone areas by reducing flood flows.
Various engineering measures like reservoirs, detention basins, embankments,
drainage improvement, channel improvement, diversion of floods interlinking of
rivers etc. are briefly described below:



78 A. Sarkar

5.6.1.1 Reservoirs

Reservoirs are storage structures which help in controlling the river floods to a
certain extent by moderating the intensity and timing of the incoming flood wave.
Typically, the waters of high discharges in rivers are stored in the reservoirs and
released after the cessation of the critical high flow condition thereby preparing them
to receive the waters of subsequent flood waves. Flood protection efficiency of
reservoirs depends on their available water storage capacity at the time when there
is a flood wave and also on the distance/proximity of the reservoir from downstream
infrastructure/population likely to be affected. Reservoir operation is based on a
regulation schedule carefully planned to take into account the safety of the dam and
related structures as well as the safe carrying capacity of the lower reaches of the
river in their present condition.

Reservoirs with specifically earmarked flood space are more effective in Flood
Management compared to the incidental flood moderation available for any type of
storage on a river, as in the case of Damodar Valley Corporation (DVC) dams across
the Damodar and its tributaries. Therefore, in light of the increased flood events due
to heavier precipitation in recent past, for new dams, a separate flood cushion space
should be provided as a policy. For existing dams, it is very important to review the
rule curve/operation schedule prescribed for filling during monsoon period to ensure
space for flood moderation but which can be filled for conservation later on when the
condition of high flows is over. It has been reported by Tehri Hydro Development
Corporation Limited (THDC) that the Tehri Dam reservoir (Fig. 5.3) was useful in
absorbing part (Bhagirathi River flood) of the Uttarakhand flood of June 2013 and
saved the downstream areas by moderating the flood discharge.

Fig. 5.3 Part of Tehri Dam Reservoir as seen from the Chamba-Chinyalisaur Road in Uttarakhand
Himalayas, India



5 Flood Management: Present Practices and Future Revisions Under Climate Change 79

However, it is very important to have arrangements for an accurate inflow
forecast for enhancing the reservoir efficiency and improving upon the schedules
of reservoir operation for the provision of any specific/incidental flood moderation
effects.

5.6.1.2 Detention Basins

The natural lakes and swamps/depressions can be used for flood moderation in the
form of detention basins by constructing embankments all around besides increasing
their storage capacity and making provisions for installation of suitable regulating
structures for release of stored water as and when required. Detention basins are
cheaper compared to other structures as the land under the low depressions/marshes
may hardly require compensation and rehabilitation measures. A good example is
from the Rajasthan State, the Ghaggar detention basin. Another example is from the
Srinagar city of J&K State, where the depressions on the left bank of Jhelum River
available in the upstream of the city have been utilized. Other examples of natural
basins providing flood moderation are the hoars/beels of Barak River basin, Kotla
lakes in Haryana and Mokama group of Tals in Bihar. With increasing frequency of
heavy rainfall events and subsequent flooding, it is important for the State Govern-
ments to identify possible good sites for detention basins and have actionable
programmes for making use of such identified sites.

5.6.1.3 Embankments

Flood damage can also be reduced by confining the flood flows of rivers within the
river banks thereby preventing overbank flows by constructing embankments.
Embankments have been the most popular structures for flood protection as they
can be constructed quickly incurring comparatively low budget especially in the
lower reaches of many large rivers. There are places where embankments are the
only feasible option of flood protection by checking inundation. The design and
construction of embankments is limited to provide flood protection against floods of
certain intensity and frequency or limited to the maximum recorded historical flood
at the time of design when detailed hydrological data of long periods are not
available. In the case of the meandering rivers, hydraulic/physical modelling is
very important for proper planning, design and implementation of embankments.
In many of the flood prone States, strengthening and raising of existing embank-
ments have also been taken. In order to adequately redesign the embankments, the
flood frequency approach should be adopted taking into account the historical data
of floods, which is now available.

Another serious problem which incurred huge expenditure (Marchand et al. 2015)
in the past is the river bank erosion along the natural banks of rivers as well as the
constructed embankments especially the embankment systems in U.P, Bihar, Pun-
jab, Assam and West Bengal facing serious erosion problems. Such river
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embankments need to be protected by suitable anti-erosion measures. On some
embankment systems, like the Piprasi-Pipraghat embankment in Bihar on River
Gandak and the Kosi embankment also in Bihar on Kosi River, the river attacks
are so relentless that the protection measures cannot be taken up in the normal
maintenance work and require special anti-erosion programmes. Similar is the case
with Brahmaputra River near Guwahati (Fig. 5.4).

While many of the embankment systems on various rivers have provided flood
protection in a sustained manner, there are cases in some rivers, where the embank-
ments actually had negative effects and exasperated the flood situation by drainage
congestion arising from the rise in river bed levels, decrease in the carrying capacity
of river channels and alterations in the gradient/level of the outfall points. Therefore,
flood control by embankments may be undertaken only after carrying out detailed
studies regarding their favorable and adverse effects including flood protection under
Climate Change scenario of heavier precipitation vis-a-vis heavier flood discharges
in the rivers.

5.6.1.4 Channelization of Rivers

For tackling the extensive meandering problem of rivers, some of the affected States
are considering channelization of rivers, at least in identified reaches, which will
train these river stretches into their original courses and also activate the navigational
channels. However, the channelization of rivers must take into consideration the
natural waterway of the River where it has a right to pass the floodwater and
sediment load. During the XI Plan, major works of river channelization were taken
up in the States of Himachal Pradesh and Punjab.
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5.6.1.5 Channel Improvement

The method of improving the channel by improving the hydraulic conditions of the
river channels by de-silting, dredging, lining etc., to enable the river to carry its
discharges at lower levels or within its banks. These methods of channel improve-
ment provide limited benefits but involve high cost along with other problems and
therefore, could not be adopted extensively. Dredging in certain stretches of a river
could be economically justifiable when taken up as an anti-erosion measure or
channel improvement for navigation or clearing river mouth/narrow constrictions.
In early 70s, dredging operations of River Brahmaputra were taken up on experi-
mental basis but discontinued due to excessive cost and limited benefits.

5.6.1.6 Drainage Improvement

Surface water drainage congestion produces similar damages as produced by floods
and sometimes it is difficult to distinguish between the two. When natural or artificial
drainage channels are inadequate to carry the storm water discharge, then surface
water drainage congestion occurs. By providing new channels or improving the
existing drainage system, drainage can be improved and this technique is
recommended as an integral part of the Flood Management programme in the
country (India-WRIS wiki 2015). The natural systems like the ‘dhars’ or ‘old
channels’ which are efficient in drainage of surface flows and the spillage generated
by local rains, must be preserved. The blocking of these natural drainage channels as
well as natural depressions in the process of land reclamation for development must
be strictly discouraged. Also, in the areas affected by drainage congestion, a review
of the adequacy of existing sluices and drainage channels must be undertaken and
any inadequacies must be addressed. It is also required to re-visit the design criteria
under of climate change and re-design of the network to accommodate the higher
intensity floods.

5.6.1.7 Diversion of Flood Waters

By physical diversion of the flood waters, a part of the flood discharge is taken either
to another basin or to the downstream of the problem area in the same basin. The
flood discharge could also be taken to a depression where it could be stored and
released subsequently. This type of measure is useful for management of unusual
urban floods as done in the Srinagar City through nearby flood spill channel. Another
application of this measure is in the lower reaches of a river in close proximity to Sea
as done in the Krishna Godavari drainage scheme. Some more examples at various
stages of planning and execution are the Damodar River in the lower reaches in West
Bengal, the supplementary drain in Delhi, the Kolleru lake diversion into the sea in
Andhra Pradesh, the Thottapally Spillway diversion in Kerala, the Hulwaa drain in
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Uttar Pradesh, the Kama-Pahari drain in Rajasthan (India-WRIS wiki 2015). How-
ever, the flood diversion plan needs to consider the impact of climate change with
studies using revised design flood and assessment of flood inundation area
downstream.

5.6.1.8 Watershed Management

Watershed management can be undertaken by construction of check-dams, detention
basins, and diversion channels, etc. for conservation and development of the soil and
vegetative 1 covers within the watershed. In case of watershed management of upper
catchment, land treatment through grass land development practices and afforesta-
tion need to be supplemented by structural works (physical structures) for reducing
the velocity of water flow and arresting the sediment.

5.6.1.9 Interlinking of Rivers

The Inter-Linking of Rivers (ILR) is a proposed large-scale engineering project of
the Government of India with the objective of effective water resources management
in the country through linking the rivers by a network of canals and reservoirs
thereby addressing the persistent problems of floods in some parts and water
shortages in other parts. Under the National Perspective Plan (NPP) prepared by
Ministry of Water Resources, River Development and Ganga Rejuvenation, Gov-
ernment of India, 14 links under Himalayan Rivers Component and 16 links under
Peninsular Rivers Component have been identified for inter basin transfer of water
based on field surveys and investigation and detailed studies. As the ILR is still in the
DPR stage, it will be prudent to consider the impact of climate change on riverine
discharge and any probable increase in the flood scenarios could be addressed by
transferring such waters to deficit river basins.

5.6.2 Administrative/Non-structural Measures

The administrative/non-structural measures attempt to mitigate the flood damages by
facilitating in-time evacuation of the people and shifting of their movable property to
safer location through flood forecasting and flood warning. Mitigation of flood
damages can also be achieved by discouraging creation of valuable assets/settlement
of the people in the areas subject to frequent flooding i.e. enforcing flood plain
zoning regulation. Other methods of non-structural Flood Management include flood
modelling, disaster preparedness and response planning, flood proofing, flood insur-
ance etc. The non-structural Flood Management methods are briefly described
below:
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5.6.2.1 Flood Plain Zoning

The concept of flood-plain zoning is based on flood plain management by consid-
ering the basic fact that the River’s flood plain is essentially its domain and any
intervention/development activity into must recognize the ‘right of way’ of the
River. The objective of flood-plain zoning is demarcation of zones/areas within
the flood plain likely to be affected by floods of different magnitudes or frequencies
and probability levels, and specify the types of permissible infrastructure develop-
ments in each zone, so that damage can be minimised in the event of a flood, if not
avoided.

Unfortunately, the flood plain zoning approach has been accepted in principle by
all, very little consideration has been given to its actual practice, which is leading to
an increase in flood damages. A model draft bill for flood plain zoning legislation
was circulated by the union government in 1975 to all the states. However, there has
been passive resistance on the part of the states to follow up the various aspects of
flood plain management including possible legislation.

5.6.2.2 Flood Modelling

Flood modelling involves hydrologic, geomorphologic, and environmental analysis/
modelling. Various hydrologic/hydraulic models for flood simulation have been
developed and undergoing constant improvements. An understanding of the behav-
iour of the floods is required to evaluate flood characteristics and understand the
underlying hydrological processes. Therefore, it is required have adequate knowl-
edge on the flood such as occurrence temporally and spatially in order to mitigate the
damages caused. Flood inundation modelling provides an ability to map the actual
extent of inundation, timing and propagation as well as its intensity along with
predicting or forecasting flooding extent. These models have also been integrated
with latest technologies such as remote sensing and geographic information system
(GIS) for visualisation and time series analysis.

5.6.2.3 Design Flood Estimation

Design flood estimation is required for the design of various flood protection
engineering structures such as storm sewers, spillways, diversion works, bridges,
culverts and other flood control works at a certain location in order to estimate the
size and cost of those structures. From economic considerations, it is not practical to
provide for the safety of various structures against maximum possible flood within
the basin/catchment. Small structures such as culverts and storm drainages can be
designed for less severe floods as the consequences of higher than the design flood
may not be very serious. Failure of small structures can cause temporary inconve-
nience like traffic disruption but very rarely severe damage to property and/or loss of
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Table 5.1 Ceriteria for classification of dams based on size and hydraulic head and Design flood for
safety of dam

Gross storage (million | Hydraulic head Inflow design flood for safety of
Classification | m3) (m) Dam
Small Between 0.5 and 10 Between 7.5 and | 100 year flood
12
Intermediate | Between 10 and 60 Between 12 and | Standard project flood (SPF)
30
Large Greater than 60 Greater than 30 Probable maximum flood (PMF)

life. On the other hand, storage structures such as dams need greater attention to the
magnitude of floods used in the design. The failure of storage structures causes huge
damage to property and loss of life in the downstream region. Therefore, the design
criterion for choosing the flood magnitude is based on the type and importance of the
structure as well as economic development of the surrounding area. For optimal
design of water resources projects, applications of advance deterministic and prob-
abilistic modelling based approaches for design flood estimation is essential. Most
commonly used methods of flood estimation are: Rational method; Empirical
methods; Flood frequency methods; Unit hydrograph techniques; and Watershed
models.

The hydrologic design criteria for fixing spillway capacity are mentioned in IS
11223-1985, “Guidelines for fixing Spillway Capacity”. The criteria for classifica-
tion of dams is based on size of the dam and the hydraulic head (MWL—average
flood level on downstream). The classification for the dam is greater of the two
indicated by the two parameters as given in Table 5.1. The inflow design flood for
safety of the dam would be as given in Table 5.1.

Design flood estimation using various flood return periods should be re-looked
after considering precipitation scenarios based on various climate impact models
while addressing the uncertainties at various levels of modelling. Therefore, design
of all new water resources structures should consider the revised design criteria
based on Climate Change scenarios. Design of existing structures need to be checked
for their flood protection capacities by considering the Climate Change scenarios and
the structures may be re-designed, if required.

5.7 Case Studies: Impact of Climate Change on Flood/Flood
Management

Many studies have been taken up across the globe, which attempts to study the
impact of Climate Change on floods as well as Flood Management. It was done
focussing on different aspects of floods like, assessment of flood discharge in rivers
under various scenarios of precipitation, temperature etc. and the associated flood
damage, modelling of the changes in the recurrence intervals of floods and
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associated damages, assessment of the impact of Climate Change on high flows at
basin scale using various RCPs. Some of the available work is reported in the
following sections including highlights of the results of a study on the Ganges
basin in which the author was also involved.

Schreider et al. (2000) estimated the impact of Climate Change on flood damages
in Australia from modelled changes in the recurrence interval of present-day 20- or
100-year floods, and estimates of the damages of present-day floods as determined
from stage-discharge relations [between gauge height (stage) and volume of water
per unit of time (discharge)], and detailed property data. The authors using this
methodology projected the average annual direct flood damage for the three
Australian drainage basins to increase by a factor of 4-10 under conditions of
doubled atmospheric CO, concentrations.

In a study of the 16 worldwide basins, Milly et al. (2002) illustrated that, for
15 out of the 16 large basins considered, the control 100-year peak volumes (at the
monthly time-scale) are projected to be exceeded more frequently as a result of CO,
quadrupling. The authors found that in some of the study areas, the present 100-year
flood (in the control run), is projected to occur much more frequently, even every
2 to 5 years, although with a large uncertainty.

Choi and Fisher (2003) studied some selected regions in the USA in order to
estimate the expected change in flood damages under two climate-change scenarios
in which there was an increase in mean annual precipitation by 13.5% and 21.5%,
respectively, with either no change or a proportional increase in the standard
deviation of annual precipitation. The estimates given by the authors suggested a
relation between flood losses and exposure because of an 82% explanatory power of
population and wealth which increased to 89% by adding precipitation.

A scenario study of the damage due to river and coastal flooding in England and
Wales in the 2080s combined four emissions scenarios with four scenarios of socio-
economic change in an SRES-like framework. Damages by flood were predicted to
hike with on-going inefficient Flood Management policies, practices. For a 2 °C
temperature increase in a B1-type world, by the 2080s annual damage was estimated
to be £5 billion as compared to present £1 billion, while with approximately the same
Climate Change, estimated damage was only £1.5 billion in a B2-type world. On the
other hand, with the same temperature increase of 2 °C in a Al-type world, the
predicted annual damage amounted to £15 billion by the 2050s and £21 billion by
the 2080s (Hall et al. 2005; Evans et al. 2004).

An assessment undertaken by Indian Scientists of the Indian Institute for Tech-
nology (IIT) Delhi, India as part of the Indian National Communication (NATCOM)
on Climate Change project under the Ministry of Environment and Forests (MoEF),
India, using the HadRM2 daily weather data to determine the spatial-temporal
availability of water in the river systems in India has indicated that the severity of
floods under the projected Climate Change is likely to intensify (Gosain et al. 2006).
The study shows that western India may experience very high river discharges more
frequently than it does at present. Apart from changes in snowmelt and precipitation
in the Himalaya, changes in the pattern, intensity and frequency of rainfall will have
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significant impacts on floods. Climatic changes could result in more frequent high-
intensity rainfall events.

Sarkar (2015) analysed the probable impact of Climate Change using hypothet-
ical climate scenarios to understand the behavior of total stream flow as well as
snowmelt runoff under the changed climatic conditions for the trans-boundary
Subansiri sub-basin of Brahmaputra river basin. It has been found from studies
that total stream flow changed for all the scenarios of temperature and precipitation.
The observed maximum % increase in mean annual stream flow was about 6% for
(T + 2 °C and P + 10%) scenario and the minimum % decrease in mean annual
stream flow observed was about 11% for (T + 1 °C and P-10%) scenario. Results of
seasonal analysis of stream flow under the scenario of warmer climate and enhanced
precipitation (T + 2 °C, P + 10%) indicated marginal increase in annual water
availability with a reduction in water availability during pre-monsoon, winter and
post-monsoon seasons, but substantial increase in water availability during mon-
soon, thereby imposing an increased risk of floods in the already flood prone basin.

Marchand et al. (2015) assessed the possible impacts of climate variability and
Climate Change on the flood hazards in two selected basins of India i.e., Burhi-
Gandak basin of Bihar and Brahmani-Baitarani basin of Odisha using three GCM
model outputs under RCP 6.5 scenario for two time periods viz., mid (2040s
representing climatology over 2030-2059) and long-term (2080s representing
climatology over 2060—2099) with 1961-1990 as the baseline period and APHRO-
DITE as the reference data for bias correction. The results show that for the Burhi-
Gandak, increase of 5% in flooding extent could be expected in 2040 and even 22%
in 2080 for annual floods (occurring once every 25 years). As far as Brahmani-
Baitarani is concerned, 25% and 29% increase in flooded surface, is predicted at
once every 25 years. Increased errant rainfall and projected sea level rise is the main
causes speculated behind these conditions.

A recent collaborative study (completed in 2017) named Water Rain-Him by
SMHI and SEI from Sweden and NIH Roorkee and IIT Delhi from India focused on
assessment of the impacts on the water fluxes due to change in climate in the Indian-
Himalayan basins, i.e. Ganges up to Farakka with an aim to use the impact modelling
results to develop holistic and robust adaptation strategies to drive planning for
proper and efficient water resources management (Bueker et al. 2017).

The hydrological model HYPE (Lindstrom et al. 2010) has been used to simulate
daily stream flow. An ensemble of 20 climate future projections consisting of
different combinations of General Circulation Models (GCMs), and representative
concentration pathways (RCPs) to represent different emission scenarios has been
used. In total, five GCMs from the CMIP5 archive and three different RCPs have
been used. The details of the GCM models are given in the following Table 5.2.
RCPs are numbered after their increased radiative forcing until year 2100 (+2.6,
+4.5, and +8.5 W/m?, respectively). The models provide daily values for the period
01/01/1950 to 31/12/2099, and are available from ISI-MIP.

The climate projections (mean precipitation and temperature) were bias-adjusted
to the WATCH Forcing Data for the period 1971-2001 at 0.5° resolution (Hempel
et al. 2013). The WATCH data are derived based on a combination of the ERA-40
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Table 5.2 Earth system models (RCP2.6, RCP4.5 and RCP8.5)

Model name Institution
HadGEM2-ES Met Office Hadley Centre Earth System Modeling group, England
IPSL-5 CM5A- Institut Pierre-Simon Laplace, France

LR
MIROC-ESM- Japan Agency for Marine-Earth Science and Technology, Atmosphere and
CHEM Ocean Research Institute, Japan

GFDL-ESM2M | Geophysical Fluid Dynamics Laboratory of the National Oceanic and
Atmospheric Administration, USA

NorESM1-M Norwegian Climate Centre, Norway

2010-2025 vs 1981-2010 2006-2035 vs 1981-2010 2036-2065 vs 1981-2010 2070-2099 vs 1981-2010

b
e
Iy

Min of ensembles
Qg (%)

Mean of ensembles
Q90 (%)

Max of ensembles
Q20 (%) '

Fig. 5.5 Changes in High Flows (90th Percentile) (Source: Presentation by the project leader of
Water RAIN-Him in the International workshop on changes in water resources and adaptation
options in the Indian-Himalayan basins, NIH, Roorkee, India, March 9-10, 2)

(the 40-year reanalysis of the European Centre for Medium Range Weather Fore-
casts (ECMWF) and the Climate Research Unit TS2.1 dataset (CRU) (Weedon et al.
2011). This investigation is based on five time periods: Reference period
(1981-2010): Very Early Century (2010-2025): Early Century period
(2006-2035); Mid Century period (2036—2065); End Century period (2070-2099).
Analysis of the basin runoff showed high spatial variability of change in runoff
(from 10% up to +40%) in the Ganges basin. This is consistent at the end of century
over the entire basin. Analysis also showed that the high flows/floods (90th percen-
tile of daily flow) can increase up to 40%. The results of changes in high flows over
the entire Ganges basin within India for different time periods considering mean,
minimum and maximum of GCM model ensembles are shown in Fig. 5.5.



Fig. 5.6 Changes in Discharge return period (Source: Presentation by the project leader of
WaterRAIN-Him in the International workshop on changes in water resources and adaptation
options in the Indian-Himalayan basins, NIH, Roorkee, India, March 9-10, 2017)

A regional analysis focussing on four regions, namely Dehradun, Uttarkashi,
Patna, Koshi (Fig. 5.6) has also been carried out for assessing changes in precipita-
tion, discharge etc.

The regional analysis showed that the pattern of annual cycle for precipitation,
temperature and discharge will remain the same for Dehradun, Uttarkashi, Patna and
Koshi. There is a posibility of a shift in the onset of precipitation for Dehradun and
Uttarkashi. The analysis further showed that an overall positive change in high flows
is observed for all time horizons and all four regions. Trends in change is subject to
the climate model used, however the magnitude of change does not seem dependent
on the emission scenario. It is also evident from the analysis (Fig 5.6) that the
discharge return periods (X-axis) will be altered, in which more extreme are
expected to occur more frequently, and hence affecting the planning of infrastruc-
tures for water resources management.

5.8 Conclusions

Floods are recurrent phenomena in India. The main cause of flooding is the inade-
quate capacity within the banks of the rivers to contain the high flows brought down
from the upper catchments due to heavy rainfall. With increasing population and
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developmental activities, there has been a tendency of floodplains encroachment
over the years resulting in more serious damages. Areas which were not traditionally
prone to floods are also experiencing severe inundation because of the varying
rainfall distribution.

Flood Management can be achieved through structural as well as non-structural
techniques. In India, the main thrust of the flood protection programme has been
through physical (engineering/structural) measures mainly in the form of embank-
ments which provide quick and reasonable protection to vulnerable areas with
locally available material and labour. The multi-purpose dams also provide flood
protection with one specific objective of flood control. Some reservoirs in India have
been constructed with a specifically allocated flood cushion (Damodar system in
Jharkhand and the Hirakud and Rengali dam in Orissa). However, many other large
storage dams without any specific flood cushion have also helped in flood moder-
ation to some extent. Besides, there are other structural measures of Flood Manage-
ment. Among the non-structural measures for Flood Management which rely on the
modification of susceptibility to flood damage, flood forecasting and warning is
gaining attention of government/planners as it enables forewarning as to when the
river is going to use its floodplain, to what extent and for how long. Other
non-structural measures for Flood Management like flood plain zoning, flood
modelling etc. have been addressed by researchers and policy makes but they are
not in use in India as of now.

5.9 Way Forward

A pragmatic and cost effective approach in Flood Management is required for
building of structural and non-structural measures. Such approaches have also
been highlighted in the policy documents of the country at various platforms.

It has been shown by many researchers through their studies that Climate Change
is expected to cause heavier rainfall events and can lead to significant increases in
flood extent and flood hazards. Therefore, it will be highly prudent to re-look into the
Flood Management aspects with a reference to Climate Change. Design of all new
water resources structures should consider the revised design criteria based on
Climate Change scenarios. Design of existing structures need to be checked for
their flood protection capacities by considering the Climate Change scenarios and
the structures may be re-designed, if required. It is also required to consider the
Climate Change impacts on flood hazards using downscaling methods for river
basins prone to flooding. Such climate impact analysis should be incorporated in
the policy documents for planning and operation of water resources to achieve the
desired outcomes in terms of environmentally sustainable Flood Management mea-
sures that are cost effective. Needless to say, flood management is a continuous
process and requires further improvements especially in the light of climate change.
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Chapter 6 )
Drought Disaster: Issues, Challenges e
and Risk Mitigation Strategies

Sreeja S. Nair, Anil K. Gupta, and M. S. Nathawat

Abstract There is no universal definition for drought and it is not possible to
identify the beginning and end of a drought season, unlike earthquake or flood.
Drought is the most complex of all the natural disasters Drought and associated
famines were reported in history as a chronic problem to mankind and still remains
an unconquered issue especially in developing and lesser developed regions of the
world. Droughts are classified into four types based on the impacts as meteorolog-
ical, hydrological, agricultural and socio economic drought. This paper provides a
brief overview of the global and national drought scenario, causes and impacts of
drought and mitigation and management strategies with focus on proactive
approaches. A case study on drought vulnerability and mitigation strategy analysis
for the Bundelkhand region has been added at the end of the paper. This case study is
an unique attempt of using scientific data and methods coupled with social science
methods to carry out drought vulnerability analysis and effectives of mitigation
strategies.
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6.1 Introduction

Drought is generally defined as a deficiency of precipitation over an extended period
of time (Eriyagama et al. 2009). Drought ranks first among natural disasters in terms
of the extent of the effect on population, livelihoods, environment, society, and
economy (Hewitt 1997). Drought ranks first among natural disasters in terms of
extent of effect on population, livelihoods, environment, society and economy
(Hewitt 1997). Climate change affects results not only in change in rainfall patterns
and availability of water, but also the settings of land, ecology, forests and thereby
aggravating the vulnerability of the natural and anthropogenic systems.

Droughts differ from other natural hazards such as cyclones, floods, earthquakes,
volcanic eruptions, and tsunamis in several ways. The key differences are listed in
the Box 6.1.

Box 6.1 Difference Between Drought and Other Natural Hazards

» Slow-onset, creeping phenomenon that makes it difficult to determine the
onset and end of the event;

* Duration may range from months to years and the core area of epicentre
will change over time, reinforcing the need for continuous monitoring of
climate and water supply indicators;

* No single indicator or index can identify precisely the onset and severity of
the event and its potential impacts-multiple indicators are more effective;

e Spatial extent is usually much greater than for other natural hazards,
making assessment and response actions difficult, since impacts are spread
over larger geographical areas;

» Impacts are generally non-structural and difficult to quantify;

» Impacts are cumulative and the effects magnify when events continue from
one season or year to the next.

(Ministry of Agriculture and National Institute of Disaster
Management, 2009)

6.1.1 Definition and Typology of Drought

Drought is a prolonged period of low precipitation in a region which results in acute
scarcity of surface and ground water, significant shortage of soil moisture leading to
agricultural drought i.e. reduction in crop yield. Drought impacts agriculture, for-
estry and ecosystems adversely and leads to land degradation, crop damage, and
reduced yield, loss of livestock or reduced productivity with dire consequences on
people’s livelihoods. Developing countries are more vulnerable to the impact of
drought as compared to the developed countries. Drought can lead to famine, a
situation in which there is not enough food for a great number of people causing
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illness or death. Drought in long term leads to the loss of productivity of land in the
form of due to land degradation. Climate change known to aggravate rainfall
patterns, temperature regimes besides altering land-ecology regimes and interface
with society has crucial influences on drought disaster management transitioning
towards risk mitigation.

Drought has been classified into four types based on the cause and impact on the
natural and human systems. Although a fourfold classification has been done, it is
not possible to draw lines between the different types since the one may lead to other
(NOAA, n.d).

* Meteorological drought is defined by the deficiency of precipitation from
expected or normal levels over an extended period of time. Meteorological
drought usually leads to other kinds of drought.

» Hydrological Drought is defined as deficiencies in surface and subsurface water
supplies leading to a lack of water for meeting normal and specific water
demands. The conditions of hydrological drought arise, even in times of average
(or above average) precipitation, when increased usage of water diminishes the
reserves.

» Agricultural Drought arises when soil moisture and rainfall are inadequate during
the crop growing season to support healthy crop growth to maturity; this situation
causes extreme crop stress and wilting. The conditions of agricultural drought can
arise, even in the times of average precipitation, owing to soil conditions or
agricultural practices and technologies.

* Socioeconomic drought is the impact of other drought conditions (meteorologi-
cal, agricultural, or hydrological drought). Socioeconomic drought occurs as the
result of the reduced supply of goods and ecosystem services. This hampered
availability of natural resources and associated goods and services due to the
deficit in water supply. This is eventually the result of low precipitation that is
cause by hydrological and agricultural droughts.

6.2 Present Scenario

6.2.1 Global Scenario

As per the EM-DAT international disaster database of Centre for Research on
Epidemiology of Disasters (CRED) drought and famines accounted for 86.9% of
total deaths caused by hydro-meteorological disasters during the period of
1990-1999 globally. Drought contributes to 26% of the total population affected
due to weather related disasters (Centre for Research on The Epidemiology of
Disasters 2016). Drought affected 50.5 Million people in 2015 well above the
10-year average of 35.4 million people (UNISDR & CRED, 2015). This was the
hottest year on record with temperature rise due to global warming and EL NINO
weather phenomenon, 32 major droughts were recorded during 2015 (UNISDR



96 S. S. Nair et al.

Numbers of people affected by weather-related disasters (1995-2015)
(NB: deaths are excluded from the total affected.)
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Fig. 6.1 Number of people affected due to weather related disasters (1995-2015). Source: (CBD,
kein Datum)

2016). Most drought-related mortality in recent years has occurred in countries
experiencing extreme poverty and civil unrest.

As per EM-DAT data, Africa is the worst hit by droughts more than any other
continent, that says 136 drought events took place between 1995 and 2015 (which
alone is 41% share of the global drought event). Out of these 136 droughts,
77 droughts alone were observed in East Africa. Droughts are associated with
hunger, poverty, perpetuation of under-development, widespread agricultural fail-
ures, and loss of livestock, water shortages and outbreaks of epidemic diseases.
Droughts can last for few days to few years causing extensive and long-term
economic impacts. Succeeding failures of seasonal rainfalls in East Africa in the
year 2005, led to food insecurity for at least 11 million people. EM-DAT recorded
more than one billion affected population by droughts from the period 1995-2015;
which is more than a quarter share of all people who are affected by all types of
weather-related disasters worldwide (Fig. 6.1). Yet drought globally accounted for
less than 5% of all natural hazards. While EM-DAT data also show that just 4% of
weather-related disaster deaths were due to drought (Fig. 6.2), this figure is rather



6 Drought Disaster: Issues, Challenges and Risk Mitigation Strategies 97

Numbers of people killed by disaster type (1995-2015)
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Fig. 6.2 Number of people killed by weather related disasters (1995-2015) (CRED 2019)

undermining the mortality due to drought as it excludes indirect deaths from
malnutrition, disease, displacement and related humanitarian crisis.

Natural Disasters 2018 (Fig. 6.2) shows that the mortality (direct) due to drought
and famine is reduced to zero. However, drought is continuing as a major cause for
human suffering especially in African and Asian regions. Drought affected 10.8
million in the year 2018 alone and 73.9 million people during the period 2008-2017
(CRED 2018) (Figs. 6.3 and 6.4).

A global assessment of the disaster hotspots has been carried out by World Bank
in the year 2005. This assessment shows that almost 38% of the world’s land area has
some level of drought exposure. The WASP index assesses the precipitation deficit/
surplus over a three-month running average for the 21-year period from 1980-2000
(Dilley et al. 2005) (Fig. 6.5).

6.2.2 National Scenario

India has a long history of droughts and famines. At present, around 68% of India’s
net sown area is prone to drought in varying degrees, occurs mainly due to the failure
of South-West monsoon (from June to September when Kharif crops are grown).
However, many parts of the country also face northeast monsoon failure and suffer a
second cycle (Rabi crops) of drought risk. Droughts are almost an annual feature
affecting one or the other part of the country. As per the Irrigation Commission



98 S. S. Nair et al.

Number of deaths by disaster type: 2018
compared to 2008-2017 annual average
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Fig. 6.3 Number of people killed by natural disasters 2018 compared to 2008-2017 period (CRED
2019)
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Fig. 6.4 Number of people affected in million by natural disasters 2018 compared to 20082017
period (CRED 2019)

Report, 102 districts across 13 states of India are chronically drought prone (Ministry
of Agriculture 2009).

In the National Drought Manual released in the year 2015 it is reported that
during 1871-2015, there were 25 major drought years viz. 1873, 1877, 1899, 1901,
1904, 1905, 1911, 1918, 1920, 1941, 1951, 1965, 1966, 1968, 1972, 1974, 1979,
1982, 1985, 1986, 1987, 2002, 2009, 2014 and 2015. Drought years are defined as
years with All India Summer Monsoon Rainfall (AISMR) less than one standard
deviation below the mean (i.e. anomaly below —10%).

Nearly 68% of cropped area in India is vulnerable to drought, 33% of which
receives less than 750 mm of mean annual rainfall. These are classified as “chron-
ically drought-prone” 35% cropped area of the country receives mean annual rainfall
of 750—-1125 mm which is considered as “drought-prone”. The drought-prone areas
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Fig. 6.5 Drought hazard distribution map (Dilley et al. 2005)

of the country are confined primarily to the arid, semi-arid, and sub-humid regions of
peninsular and western India (Ministry of Agriculture 2016) (Fig. 6.6 and Table 6.1).

6.2.3 Causes of Drought

The following are the main causes of drought in India.

6.2.3.1 Deficiency of Rainfall (Hazard)

Deficiency in precipitation in the form of rain or snowfall lead to decrease in surface
and ground water levels and resulting decrease in soil moisture levels. This leads to
insufficient availability of water for the crops, especially during the critical stages of
plant growth and resultant agricultural drought.

6.2.3.2 Increase Temperature

Increase in temperature can lead to increase in evapotranspiration and net loss of
water content in plants/crops leading to physiological damage to crops and increased
demand of water.

6.2.3.3 Changes in Weather and Air Circulation

El Nino impacts the weather patterns and monsoon rainfall.
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Fig. 6.6 District Level agricultural drought frequency (2000—15). Source: Farmer’s portal

6.2.3.4 Unsustainable Agricultural and Land Use Practices

Land use practices, regions growing demand for water, excess withdrawal of ground

water for irrigation.
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Table 6.1 Probability of occurrence of drought in different states and regions of India (Ministry of
Agriculture 2016)

Frequency of deficient rainfall (75% of
Regions normal or Less

Assam Very rare, once on 15 years

West Bengal, Madhya Pradesh, Konkan, Biharand | Once in 5 years
Orissa

South Interior, Karnataka, Eastern Uttar Pradesh Once in 4 years
and Vidarbha

Gujrat, East Rajasthan, Western Uttar Pradesh Once in 3 years
Tamil Nadu, Jammu and Kashmir, Telangana Once in 2.5 years
West Rajasthan Once in 2 years

6.2.3.5 Timing of Water

Unsynchronized availability of water and agricultural seasons leads to using too
much water when one does not need it and too little when one does not need it.

6.3 Vulnerability Factors and Impacts
6.3.1 Vulnerability Factors

Though deficient rainfall is the primary causative factor for drought, the occurrence,
spread and intensity of drought is determined by multiple factors including suscep-
tibilities introduced by Climate Change, hydrological and soil profiles, availability of
soil moisture, choice of crops and agricultural practices, availability of fodder, socio-
economic profile and so on. India is one of the countries which will be worst affected
climate change. It has one of the highest population densities in the world with large
numbers of poor people who depending on the natural resource bases livelihoods
like agriculture, animal husbandry, dairying and so on. Although irrigated land is
increased substantially dependency of Indian agriculture on monsoon is still evident.
By 2020, pressure on India’s water, air, soil, and forests is expected to become the
highest in the world (World-Bank, Climate Change, 2009). One of the most signif-
icant ways that climate change will impact the lives of people in India will be
through its water resources. While water sustains life, it all too often wreaks havoc
through devastating floods and droughts. All-India Summer Monsoon (June—
September) Rainfall Anomalies during 1871-2015 clearly shows indicate that
since 1950s, not only has the incidence of droughts increased, but rainfall in the
excess of 10% has also decreased markedly (Mathew).
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6.3.1.1 Physical Vulnerability

Physical Vulnerability is the condition attributed due to poor infrastructure facilities.
In the context of drought, lack of irrigation infrastructure, water supply systems
including storage and distribution, non-availability of electricity for pumping water
as well as limited access to roads can increase the vulnerabilities.

6.3.1.2 Socio-Economic Vulnerability

Socio economic vulnerability refers to social, economic and demographic factors
that affect the resilience of communities. It is inclusive of factors like low land-
holding, poor family with low buying capacity during the period of drought, limited
livelihood diversification and dependency on agriculture, lack of education, gender
issues, lack of social cohesiveness and access to markets.

6.3.1.3 Environmental Vulnerability

Environmental vulnerability is the result of depletion of natural resources and
ecosystem services as well as due to environmental degradation. Examples
include—Iloss of wetlands, depletion of surface and ground water resources, defor-
estation, soil erosion, land degradation, etc.

6.3.1.4 Institutional Vulnerability

Institutional vulnerability refers to institutional and systemic weaknesses with in the
community that makes them more susceptible to the adverse impact of hazards.

6.3.2 Impacts of Drought in India

Drought has widespread impacts that span across many sectors of the economy.
Drought affects the overall economy of the country at different levels. The impacts
can be direct as well as indirect. Direct effects of drought are mainly decline in
agricultural productivity or yield and loss of food security, particularly among poor
and vulnerable sections; depleted water table; decline in reservoir levels; higher
livestock and wildlife mortality; cattle and animal migration; damage to ecosystem
from indiscriminate exploitation; increased fire hazards etc. Indirect impacts of
drought can be manifested in the form of reduction in incomes of farmers and
other agricultural and natural resources related sectors, increased prices for food
and fodder, reduction in purchasing capacity and slump in consumption, default on
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agricultural loans, distress sale of agricultural land and livestock, rural unrest,
shrinkage in avenues for agricultural employment etc. These harmful impacts of
drought do have huge cascading effects on the economy and the social system of a
country.

Broadly, the impacts of drought can be classified as social, economic and
environmental:

1. Economic impacts refer to the production losses in agriculture and related sectors,
especially animal husbandry, dairy, poultry, horticulture, and fisheries. Liveli-
hood and well-being of the entire section of the society is affected due to the
slowdown of economy. Most of the farmers, farm labourers, artisans depending
upon small rural businesses and rural agriculture etc. are adversely affected.
Industries also suffer because of their dependency on the primary sector for raw
materials suffer on account of reduced supplies and hardening prices. Drought
can lead to slow economic growth by reducing the profits, drying up of income,
revenue options, reducing employment opportunities through disruption caused
to supply chain managements, slowing down flow of credit and tax collections,
depressing industrial and consumer demand, increased dependence on imports,
and lowering of overall market sentiments.

2. Environmental impacts can be gauged in terms of frequent situations of low levels
in ground water and surface reservoirs, lakes and ponds, reduced flows in springs,
streams and rivers, loss of forest cover, migration of wildlife and stress on
biodiversity. Drying up of stream flow and loss of wetlands may affect salinity
level. Rapid and increased groundwater depletion rates without sufficient
recharge damages aquifers and adversely affects the quality of water (e.g., salt
concentration, acidity, dissolved oxygen, turbidity). This leads to a permanent
loss of biological productivity of soils. Long periods of dry spell lead to forest
fire. Another environmental impact of drought is desertification and land
degradation.

3. Social impacts are manifested in the widespread disruption of rural society on the
account of-the massive migration of the rural population from drought affected
areas, hike in school dropout rates, greater indebtedness, decline of land
resources, and loss of livestock, malnutrition, starvation, and loss of social status
among the most vulnerable sections. Drought and resultant migration can lead to
the increased pressure on the existing resources. This situation can lead to the lack
of social cohesiveness and eroding of social capital. Typical examples are civil
unrest and conflicts as evident in many parts of Horn of Africa due to prolonged
periods of scarcity and famine can lead to distress migration.

6.4 Mitigation and Management

The need for shifting the public policy from drought relief to drought mitigation
measures has been felt considering the increase in the frequency of droughts in
different parts of the country. These measures are important for adapting to Climate
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Change, restoring ecological balance, and bringing development benefits to the
people. Various structural and non-structural mitigation strategies are adopted at
various levels by central government, state governments, NGOS and community to
reduce the impact of drought. Various mitigation, preparedness and relief related
interventions can be adopted during and before drought to reduce the magnitude of
risk to human life, property, and productive capacity.

6.4.1 Policy Framework
6.4.1.1 International Framework
United Nations Convention to Combat Desertification (UNCCD)—1994

The United Nations Convention to Combat Desertification (UNCCD) links environ-
ment and development to sustainable land management. It specifically addresses the
arid, semi-arid and dry sub-humid areas, known as the drylands, where some of the
most vulnerable ecosystems and peoples can be found. The new UNCCD 201
8-2030 strategic framework is a global commitment to achieve Land Degradation
Neutrality (LDN). The UNCCD focuses on avoiding, minimizing, and reversing
desertification/land degradation and mitigating the effects of drought at all levels to
achieve a land degradation-neutral world consistent with the 2030 Agenda for
Sustainable Development (UNCCD 1994).

United Nations Framework Convention on Climate Change —1992

The United Nations Framework Convention on Climate Change (UNFCCC) is an
international environmental treaty adopted on 9 May 1992 and opened for signature
at the Earth Summit in Rio de Janeiro from 3 to 14 June 1992. It then entered into
force on 21 March 1994, after a sufficient number of countries had ratified it. The
UNFCCC objective is to “stabilize greenhouse gas concentrations in the atmosphere
at a level that would prevent dangerous anthropogenic interference with the climate
system”. Preventing “dangerous” human interference with the climate system is the
ultimate aim of the UNFCCC. The ultimate objective of the Convention is to
stabilize greenhouse gas concentrations “at a level that would prevent dangerous
anthropogenic (human induced) interference with the climate system.” It states that
“such a level should be achieved within a time-frame sufficient to allow ecosystems
to adapt naturally to climate change, to ensure that food production is not threatened,
and to enable economic development to proceed in a sustainable manner”. In 2015,
197 parties to the convention came together for the UN Climate Change Conference
in Paris 30 November—12 December and adopted by consensus the Paris Agreement,
aimed at limiting global warming to less than two degrees Celsius, and pursue efforts


https://www.unccd.int/sites/default/files/inline-files/ICCD_COP%2813%29_L.18-1716078E_0.pdf
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to limit the rise to 1.5 °C. The Paris Agreement entered into force on 4 November
2016 (UNFCCC 2018).

Convention on Biodiversity

The Convention on Biological Diversity (CBD) was opened for signature at the
Earth Summit in Rio de Janeiro on 5 June 1992 and entered into force on
29 December 1993. The objectives of this Convention, to be pursued in accordance
with its relevant provisions, are the conservation of biological diversity, the sustain-
able use of its components and the fair and equitable sharing of the benefits arising
out of the utilization of genetic resources, including by appropriate access to genetic
resources and by appropriate transfer of relevant technologies, taking into account all
rights over those resources and to technologies, and by appropriate funding (CBD, n.
d.).

6.4.1.2 National Policies
National Disaster Management Guidelines for Drought

National Disaster Management Guidelines for drought was released in the year 2010
(National Disaster Management Authority 2010). Participatory approach involving
all the stakeholders to take forward the task of reducing drought risk is the highlight
of the document. This document includes geographical and temporal distribution,
typology, causes, impacts of drought and measures to tackle drought situation in the
country. The guidelines also capture a broader picture, covering policy issues,
institutional aspects and financial arrangements for drought management in
general—Emphasizes on emerging concerns as well including Climate Change,
need to strengthen the structural and non-structural measures for drought manage-
ment, as proposed in the Crisis Management Plan and Drought Manual 2009.
Section 4.2 of the guideline is on Climate Change and drought and Sect. 4.3 is on
mitigation actions (NDMA 2010).

National Forest Policy, 1988

Several provisions related reducing the disaster risks is inbuilt in the National Forest
Policy. The policy highlights the importance of retaining environmental stability
through preserving and restoring ecological balance. It is evident that ecological
balance is disturbed by serious depletion of the forests of the country. Control soil
erosion and denudation in the catchment areas of rivers, lakes, reservoirs in the
“interest of soil and water conservation, for mitigating floods and droughts and for
the retardation of siltation of reservoirs are key recommendations in the policy”. This
policy by conserving the forests indirectly and directly helps in reducing the risks of



106 S. S. Nair et al.

floods, landslides and enhanced the livelihood options of the people depending on
forest. From the basic objectives of the policy (Sect. 2) provides for reducing DRR
by forest conservation (MoEF&CC 1988).

National Water Policy, 2012

The objective of the National Water Policy is to have an accountable and accurate
understanding of the existing situation, to propose a framework for working out a
system of laws and institutions and to prepare plans of action with a single national
perspective. Nation Water Policy emphasizes that large parts of India have already
become water stressed. Speedy growth in demand of water because of exploding
population growth, urbanization etc. is posing serious challenges to water security.
Section 10.2 of the policy highlights that “land, soil, energy and water management
with scientific inputs from local, research and scientific institutions should be used to
evolve different agricultural strategies and improve soil and water productivity to
manage droughts”. It is also proposed to integrate agriculture systems and
non-agricultural developments for diversifying of livelihood and reducing poverty
(MoWR&GR 2012).

National Agricultural Policy 2000

India’s agriculture sector accounts for 18% of GDP, and employs around 60% of the
workforce. The key target of the policy is to achieve annual growth rate of 4% in the
agricultural sector during 2000-2020 period. This policy also addresses the issues
pertaining to protection and management of natural resources and ecosystems in
rural areas for increasing resilience to Climatic Change and resultant
hydro-meteorological disasters. The new policy also emphasized on sustainable
agriculture, food and nutritional security, technology generation and transfer, risk
management and organizational framework. Agro-ecosystems include mainly the
man-made ecological production systems—farms, plantations, ponds, etc. also the
natural systems used for bio-productivity purposes, covering the purposes of food,
dairy, fisheries, and other livestock, etc. (MoA 2000).

National Environment Policy 2006

The National Environmental Policy, 2006 calls for an integrated approach for
protection and improvement of environment and ecosystems by adopting various
approached viz. management of coastal zones, wetlands and river systems; conser-
vation and development of mountain ecosystems; land use planning; watershed
management and reducing the impacts of natural hazards like, flood, landslides,
storm surges and climate change. Besides EIA, notifications also have provisions
which mandate the carrying out of Hazard Mapping, Vulnerability and Risk
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Assessment Report as a part of environment management plan for all the projects.
On-farm water management i.e. a systems approach towards controlling water on a
farm in a manner that provides for the beneficial management of water for the
irrigation and drainage needs, consists of components such as irrigation, drainage,
water sources and sinks etc. must be selected and operated in accordance with the
needs (MoEF 2006).

National Action Plan for Climate Change Adaptation

The Prime Minister’s Council on Climate Change is in charge of the overall
implementation of the plan. The plan document elaborates on a unique approach
to reduce the stress of climate change and uses the poverty-growth linkage to make
its point. Published in 2008 by the then-Prime Minister’s Council on Climate
Change (Government of India), the National Action Plan on Climate Change
(NAPCC) aims at creating awareness among the representatives of the public,
different agencies of the government, scientists, industry and the community as a
whole, on the threat posed by climate change and the steps proposed at the level of
India to counter these changes. There are eight govt missions under National Action
Plan on Climate Change (NAPCC) (1) National Solar Mission, (2) National Mission
for Enhanced Energy Efficiency (3) National Mission on Sustainable Habitat
(4) National Water Mission (5) National Mission for Sustaining the Himalayan
Ecosystem (6) National Mission for a Green India (7) National Mission for Sustain-
able Agriculture and National Mission on Strategic Knowledge for Climate Change.

6.4.2 Structural and Non-structural Mitigation Measures

6.4.2.1 Water Conservation and Judicious Use of Surface
and Ground Water

These mitigation measures are aimed at integrating soil, water, and forest resources
via soil conservation, watershed development, and forestry programs. In drought
prone areas rainwater is the major source of surface and ground water recharge. Due
to non-judicious use of ground water without recharging the groundwater and
aquifers all across the country conservation of water resources has become ever so
alarmingly important.

6.4.2.2 Water Conservation, Storage Structures and Management
Water harvesting and conservation is very effective mitigation strategy, as during the

period of water resource depletion, the drought affected area still has significant
potential for harvesting and conserving water if an integrated water resources
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management approach is adopted, and proper policies and investment actions are
implemented using recent technologies. The scarcity of water resource during the
drought period needs to be managed optimally. Water harvesting structures and
storage capacities needs to be promoted where ever possible to address climatic risks
to water regimes.

6.4.2.3 Cloud Seeding in Drought Prone Regions of India

Monsoon rainfall in the interior part of peninsular India is lower as compared to all
India mean monsoon rainfall. Most of these regions are in rain shadow and agricul-
ture is rainfed type. In some of the states like Karnataka and Andhra Pradesh, cloud
seeding was done in the past. To replicate this technique in other areas of the
country, it is necessary to carry out more studies and experiments to assess the
aerosol characteristics, suitability of nuclides for cloud seeding and alternative types
of cloud seeding. It is also recommended to formulate a cloud seeding policy at
National level and State level for creating required environment to regulate this
activity.

6.4.2.4 Micro Irrigation Systems

Irrigation projects of major and medium scale have contributed to the development
of water resources. Though this conventional method of water conveyance has
proven to be highly inefficient, that has not only led to wastage of water, but also
other problems like water logging, salinization, and soil degradation rendering
productive agricultural lands unproductive. Uses of irrigation technologies like
drip and sprinkler irrigation are found effective in the use of surface as well as
ground water resources efficiently. Such micro-irrigation techniques not only assure
efficient use of water but also help in reducing evapo-transpiration losses.

6.4.2.5 Post-harvest Management

One of the key factors, that multiply the impacts of drought, is the absence of or
inadequate facilities for proper pre and post-harvest crop management. It is neces-
sary to create a chain of cold storages for post-harvest management with other
practices like pre cooling, cold storages and refrigerated transport. Pre-harvest losses
due to diseases and pests need to be reduced through better management practices.

6.4.2.6 Drought Forecasting and Early Warning Systems

Drought forecasting and Early warning systems needs to be strengthened and make
more focused on reaching out the information to end users. Risk assessments shall be
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integrated in the EWS where ever available. Emphasis shall be given on timely
forecasting and development of advisories for concerned departments. Space based
inputs shall be used in forecasting and efforts needs to be made to integrate the
ground-based information with the space-based information for comprehensive
reporting. Additional vegetation related parameters for estimation of agro-
meteorological parameters such as rainfall, soil moisture and evapo-transpiration
are also required of lately. This is important considering the low density of the
network of ground-based observations available in the country for monitoring the
parameters. Warning systems should be made efficient by assuring multi-stake
holder participation and user needs assessment. Last mile connectivity needs more
emphasis and the information should be reached timely to the farmers. Wherever
possible the traditional knowledge and scientific knowledge need to be integrated.
EWS should also have mechanisms to evaluate the effectiveness of the system for
improving incrementally.

6.4.2.7 Crop Insurance

Crop Insurance is one the most effective risk transfer mechanism to reduce the
negative impact of drought. Government of India has taken several initiatives
towards increasing its coverage and reach, although they are not yet successful
and benefits to farmers are marginal. Some of the key initiatives of government
are given below (Box 6.2). Promoting private sector insurance companies and micro
insurance schemes needs to be implemented to make the crop insurance more
effective. The scope of the insurance policies needs to be widened enough to include
pre-sowing and post-harvest losses as well. Possibility of use of satellite based
information will be explored to facilitate settlement of claims.

Box 6.2 Key initiatives by Government related to Crop Insurance

* All-india Comprehensive Crop Insurance Scheme (CCIS) for major crops was
introduced in 1985.

* National Agricultural Insurance Scheme (NAIS) in 1999 subsequently replaced the
CCIS.

* The Government of India (Gol) also set up the Agriculture Insurance Company of
India (AIC) in 2003 to serve the needs of farmers better and to move towards a
sustainable actuarial regime.

* On 18 February 2016, the Pradhan Mantri Fasal Bima Yojana (Prime Minister's
Crop Insurance Scheme) was launched by Prime Minister of India. Uniform
premium of only 2 % to be paid by farmers for Kharif crops, and 1.5 % for Rabi
crops. The premium for annual commercial and horticultural crops will be 5%. The
scheme provided income protection to the farmers by insuring production and
market risks.




110 S. S. Nair et al.

6.5 Drought Vulnerability and Mitigation Analysis
Framework: Bundelkhand Case Study

A Bundelkhand region lies in the heart of India and is one of the poorest regions in
the country. Bundelkhand administrative region span across 13 districts, seven from
Uttar Pradesh (Jhansi, Jalaun, Lalitpur, Hamirpur, Mahoba, Banda and Chitrakoot)
and six from Madhya Pradesh (Datia, Tikamgarh, Chattarpur, Damoh, Sagar and
Panna). Total population is 18.3 million, and 79.1% of the total population live in
rural areas (Census 2011). Eighty prevent of the total population lives in rural
villages. Urban population is highest (42%) in Jhansi and lowest (10%) in
Chitrakoot). Livelihood of people in Bundelkhand region is dependent heavily on
ecosystem services and, therefore, most severely affected by conditions and factors
limiting natural resource availability and access. Agriculture is the main livelihood.
60% are working in the agricultural sector as cultivators and agricultural labourers.
About 45% of the area is irrigated but not adequate. Despite the region being highly
vulnerable systematic study integrating scientific and socio-economic is carried out
by only few organizations. Most of these studies are focusing on socio economic,
physical or environmental component alone.

NIDM with the support of ICSSR carried out a study at three spatial levels
i.e. macro level for the entire Bundelkhand Region, Meso level for two districts in
the region, and micro level for four villages; two each in Lalitpur and Datia (Gupta
et al. 2014). During the macro level analysis spatial and temporal analysis for
Meteorological, Hydrological and Agricultural drought has been carried out for all
the 13 districts of Bundelkhand region at district level. Macro level analysis for the
entire region has been carried out with the objective of understanding the spatio-
temporal inter-relationship with different type of droughts (Singh et al. 2013; Nair
et al. 2013b).

In the meso-level study, block level analysis has been carried out for hydrological
and agricultural drought for two selected districts, Lalitpur and Datia one each from
MP and UP Bundelkhand. For analysing meteorological drought block level rainfall
data was not available. TRMM data also was not found useful in deriving percent by
normal since departure from normal at block level could not be computed in the
absence of data (Fig. 6.7).

During the micro-level study a detailed household survey has been carried out in
four villages, two each in Datia and Lalitpur districts. The present study is a
combination of scientific and social science methods. Both quantitative and qualita-
tive analysis has been carried out.

Macro level i.e. district level analysis of Meteorological, Hydrological and
Agricultural drought for the entire Bundelkhand region has been carried out based
on the drought indices derived from meteorological, hydrological and vegetation
data (Nair et al. 2013a). Macro-level analysis depicts that meteorological drought
may not necessarily lead to hydrological or agricultural drought. Drought declaration
and occurrence of years of meteorological drought do not always coincide which is
evident from the example of Lalitpur district. There was no major drought in the
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Fig. 6.7 Scientific and Societal analysis steps (Nair 2018)

region after 2009 and hence the data up to 2009 was analysed at regional level for
identifying two districts for meso level analysis.

Drought related risk assessment during the macro level analysis was focused
primarily on the impact of hazard i.e. i.e. the low rainfall on hydrological i.e. ground
water and agricultural systems only. Standard Water Level Index derived from
ground water level data is used for two reasons viz. (1) Reservoir level depends
not only on the rainfall in the district but more on the catchment (2) practical
difficulties in calculating the reservoir water level or surface water level at district
or block level. ‘Composite Drought Risk Map’ for the Bundelkhand region has been
developed by integrating hazard and vulnerability maps (Fig. 6.8).
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Fig. 6.8 Maps of meteorological, agricultural and hydrological drought (frequency and intensity
composite)

The risk map has been prepared combining the effects of all the three types of
droughts i.e. meteorological, hydrological, and agricultural for the entire region at
district level (Gupta et al. 2014).

A methodological framework for carrying out the vulnerability assessment at
village level has been developed. The new framework has been devised after
extensive review of literature on vulnerability assessment, pilot visits and interaction
with experts. This framework is intended to capture 4 components under vulnera-
bility and 22 indicators under the 4 components. The indicators are specific to
drought vulnerability in a predominantly agrarian society. The methodological
framework and approach was field tested in 3 villages of Lalitpur district and
6 villages of Datia to make sure that the approach is contextualized and suitable
for the drought vulnerability analysis. Comparative analysis of villages in Lalitpur
and Datia district reveals that villages in Datia are relatively more vulnerable than
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Fig. 6.9 Vulnerability analysis framework for Bundelkhand Region

villages of Lalitpur district. Mitigation analysis has been carried out in all the four
villages to understand the progress and effectiveness of interventions and how far the
measures are addressing the existing vulnerability scenario. Gap analysis has been
carried out following the vulnerability and mitigation analysis for all the 4 compo-
nents and 22 indicators (Fig. 6.9).

It is interesting to observe that vulnerability picture is changing drastically while
scaling down to block, villages, and household levels. At district level the scientific
study shows that Lalitpur is less vulnerable. However, village level analysis
and household analysis shows that Masora Kalan in Lalitpur is the most vulnerable,
and interventions are not appropriate and hence not addressing the socio-economic
and institutional vulnerability context. The study has helped in understanding the
spatio-temporal context of drought vulnerability at different levels in the region. The
study is a unique attempt to combine the scientific analysis with socio-economic
analysis (Nair 2018).

6.6 Mainstreaming Drought Risk Reduction by
Convergence

Drought risk can be reduced by integrating the elements of risk reduction on sector
specific programmes. This will help in mitigating the impacts of drought in the
pre-disaster phase, alternative employment and livelihood options during drought
period and also for early recovery, and enhancing resilience. DRR can be
mainstreamed through programmes like Backward Region Grant Fund (BRGF),
Bundelkhand Special Package, Integrated Watershed Management Programme
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Fig. 6.10 Mainstreaming drought risk reduction through convergence (Samra 2008)

(IWMP), Rashtriya Krishi Sinchayi Yojna (RKSY) etc. Many of these schemes and
programmes offered diversification of livelihood options from the core and helped
people move to non-crop occupations. Alternative employment opportunities par-
ticularly during drought hit periods in such areas could come as a drought relief
under the programmes and schemes such as Swarnajayanti Gram Swarozgar Yojana
(SGSY).

Interventions aimed for promoting agriculture productivity were, for example,
Village Level Pulses Seed Development Programme, Mechanization programme.
Projects, viz. Swajal and Swajaldhara, Total Sanitation Campaign, Accelerated
Rural Water Supply Programme (ARWSP), Indira Awas Yojana (IAY), Urban
Infrastructure.

Development Scheme for Small and Medium Towns (UIDSSMT), Pradhan
Mantri Gram Sadak Yojana (PMGSY), National Food Security Mission (NFSM),
Mahatma Gandhi Rural Employment Guarantee Scheme (MNREGA) contributed
both directly and indirectly in reducing the risk. Certain programs like Rashtriya
Krishi Vikas Yojana (RKVY) and Sarva Shiksha Abhiyan (SSA), etc. focused on
research extension and capacity building. There are certain social welfare programs
like Integrated Child Development Services (ICDS), Mid-day Meal Scheme, which
help in assuring food security during drought period. An indicative not holistic
framework for possible mainstreaming drought risk reduction through convergence
is given in Fig. 6.10.
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6.7 Conclusion

Drought has always been chronic issue worldwide, including in India due to the
dependency on agriculture particularly rain-fed for livelihood. Although substantial
progress has been made in the irrigation sector, several areas of the world agriculture
is still untouched. A global assessment of the disaster hotspots has been carried out
by World Bank in the year 2005. Findings show that about 38% of the world’s land
area has some level of drought exposure.

India has a long history of drought and famine with 68% of the net sown area of
the country prone to drought. As per the irrigation commission report and the recent
National Drought Manual Published in the year 2016, 105 districts of India are
drought prone. Apart from this there are chronically drought prone areas like
Bundelkhand region of central India Marathwada region of Maharashtra, KBK
region of Odisha and part of Telangana state. The main cause of drought in India
is deficiency of rainfall. Other causes are increase in temperature, changes in weather
and air circulation, El Nino impact, the weather patterns, inconsistent monsoon
rainfall, unsustainable agricultural, land use practices, and timing of water availabil-
ity. The impacts are felt by the society and economy much beyond the areas actually
experiencing the meteorological drought because agricultural production and water
resources are integral to our ability to produce goods and services. Drought affects
the overall economy of the country at macro and micro economic levels, both
directly and indirectly. Direct impacts are visible in falling agricultural production
and heightened food insecurity among poor and vulnerable sections; depleted water
levels; higher livestock and wildlife mortality; cattle and animal migration; damage
to ecosystem from indiscriminate exploitation; increased fire hazards etc.

There has been a large gap between the impact of the drought and the response of
delivering relief, helping recovery and building resilience. Functioning of public
distribution system, mid-day meals, Integrated Child Development Services, the
Mahatma Gandhi National Rural Employment Guarantee Act and other social
security schemes are critical in times of emergency. Implementation of these plans
needs to be executed with full efficiency. In rural areas, water bodies, the common
properties and other natural resources are depleting fast and the traditional knowl-
edge and practices of local communities in protecting these sources are being
neglected. Focus 1is on large scale engineering investment projects
(e.g. Kaleshwaram lift irrigation in Telangana); big dams are prioritized over
minor irrigation and alternative energy options. There is a need to give more focus
on risk reduction centric approach for mitigating drought at various levels. Risk
Assessments for drought is yet be carried out in many states of India although
drought prone districts are identified. Segregating and analysing drought based on
the causes and the typology is needed since different type of droughts needs different
interventions. For example, in case of Met-drought irrigation focused interventions
are important. How-ever in the case of hydrological drought priority should be given
to watershed development, soil and water conservation etc.
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Various structural and non-structural mitigation strategies are adopted at various
levels by central government, state governments, NGOs and community to reduce
the impact of drought. Mitigation actions, programs, and policies are implemented
during and before drought to reduce the magnitude of risk to human life, property,
and productive capacity. Structural mitigation measures include construction of
dams, reservoirs, canals (large scale, medium scale) and micro irrigation projects,
water supply systems, infrastructure of rainwater harvesting, de-silting and rejuve-
nating of water bodies, power supply for irrigation projects, digging of wells and so
on. Besides the structural interventions various non-structural measures including
afforestation, soil and water conservation, formulation of evidence based policies,
plans, programs and implantation strategies can also reduce the drought related
sufferings. Other than policies, technological solutions like risk assessment, fore-
casting and warning systems, communication systems, cloud seeding as well as
drought resilient crop varieties can reduce the negative impact of drought. There is
an urgent need to adopt a convergence approach for mainstreaming DRR in drought
risk reduction through policies, programs, projects and schemes at all levels.

6.8 Way Forward

Large number of initiatives were implemented in India for reducing impacts of
drought. However there been a large gap between the impact of the drought and
the response of delivering relief, helping recovery and building resilience. Integrated
approach of carrying out interventions to reduce the impact of drought in changing
climatic conditions is the need of the time. The following are the key
recommendations.

(i) Research
Despite the enormous economic, environmental, and societal impacts of
droughts, drought related research is yet to achieve momentum in India. Due to
the slow on set nature and creeping phenomena it is difficult to assess the
impacts. Climatic changes in likely to have serious consequences and can lead
to extreme weather events, increase in evapotranspiration, erratic rain fall and
increase in frequency and intensity of droughts. So there is a need to carry out
holistic drought assessment factoring climatic changes.
(i) Documenting practices
To increase resilience to droughts and water scarcity crises, the present
situation calls for greater and more effective coordination and knowledge
sharing between central, state- and district-level governments, inter-sectoral
expertise (climate, agriculture, water), development sector players, communi-
ties and all other stakeholders. There is a need to document best practices and
use of indigenous knowledge in water shed management, forest management,
community based disaster risk management and other ecosystem centric
approaches and how it helps in reducing drought risks.
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(iii) Developing and implementing EWS
People centric End-to-End EWS for drought is yet to become a reality in our
country. There is a huge disconnect between forecasting and early warning
systems as well as dissemination mechanisms. Forecasting and warning sys-
tems are focussed on the hazard maps and hardly consider the vulnerability and
risk factor. Further the user end is neither having the capacity to make use of the
warning message nor having enough capacity to respond. So there is need to
focus on EWS with enough linkages between the four elements.
(iv) Irrigation Systems
There are various types of systems of irrigation practices in different parts of
the counry. Irrigation is been carried out through reservoirs, canals, wells,
tanks, perennial canal, multi-purpose river valley projects. Micro-level irriga-
tion systems particularly at farm level needs more attention to avoid water loss
and conjunctive use of water.
(v) Resilient Crops
Drought resilient crop varieties needs to promoted and market for those
products to be improved. Drought tolerant crops including sorghum, millets,
pigeon pea and groundnut are smart crops because of their high nutritional
value, high resilience under extreme weather and the potential to improve
incomes of smallholder farmers living in very dry areas.
(vi) Policies
Strategic Environment Impact Assessments of policies related to watershed
interventions, crop pricing, providing free electricity etc. to be carried out in
drought prone areas. For example free electricity for farmers can lead to over
utilisation of ground water for irrigation and can lead to lowering to water table.
Similarly assured price of some crop variety including paddy can have negative
consequences.
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Chapter 7 ®)
Cyclone Disaster Mitigation e
and Management in India: An Overview

Pradeep K. Goyal

Abstract The Indian subcontinent is one of most affected cyclone prone region in
the world. Indian coast is about 7156 long km out of which 5400 km along the
mainland are highly vulnerable to cyclone and related hydro-meteorological hazards.
The coastal states namely, Odhisha, Andhra Pradesh, West Bengal, and Tamil Nadu
are more prone to cyclone related hazards. Tropical cyclones are associated with
strong wind, heavy rainfall, flood and storm surge. They can cause devastating
damage to structures and huge loss of lives. Nearly one third of the population
living in the coastal region of India is at a high risk due to Cyclone related hazards.
The increase in the intensity and frequency of cyclones and rise in sea level due to
climate change have led to significant increase in the vulnerability of coastal region.

Learning from the past experience of super cyclone Odhisha in 1999, it has been
observed that the loss of lives due to cyclone has been reduced significantly by
improving initial warning systems and information dissemination, preparedness and
undertaking several risk mitigations measures. But the damages to infrastructures
and economic losses were very high due to past cyclones. Therefore, there is a need
for integrating disaster risk reduction measures across all sectors of development.
This paper presents a brief overview of cyclone disaster mitigation and management
in India.

Keywords Natural hazards - Cyclones - Vulnerability - Damage - Wind - India

7.1 Introduction

Tropical Cyclones are among the most damaging natural hazards causing significant
loss of life and property when they hit the coastal region worldwide. It has been
observed that around 80% of natural disaster economic losses are caused due to
impact of cyclones (Tamura 2009; Tamura and Cao 2012).
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India is highly prone to natural hazards such as cyclones, earthquakes, floods,
drought and landslides leading to huge losses of life and property. Tropical cyclones
are the most disastrous hazard in the coastal region. The east coast of India is more
prone to cyclone as compared to the west coast. The ratio is approximately 4:1. It has
been observed that about five to six cyclones occur in a year in the Indian coastal
region, out of which two or three may be severe leading to large number of deaths,
loss of property and severe damage to infrastructure.

Nearly one third of the India’s population lives in coastal region and is highly
vulnerable to Cyclone related hazards (NDMA 2016). Almost 250 million populaces
reside within 50 km of Indian coastline (ICZMP 2010) while over 40% of our total
population resides within 100 km of our coastline.

Vulnerability of the coastal population has also increased due to climate change
resulting in the rise of sea level and on account of increase in the frequency and
intensity of cyclones.

Developing countries are more vulnerable to cyclones than the developed coun-
tries. Hence, the problem of cyclone disaster mitigation is of national importance. As
such it is not possible to prevent or control the natural hazards but the impact of
hazard can be minimized by implementing mitigation measures such as, efficient
early warning system, construction of safe, shelters for cyclone and houses resistant
to cyclones, culverts, road links and bridges as well as the strict implementation of
Coastal Zone Regulations.

7.1.1 Tropical Cyclones

Tropical cyclones, generally known as cyclones are tropical weather systems (World
Meteorological Organisation (WMO) 2009) in which winds equal or exceed the
minimum of 34 knot (62 kmph). In Northern Hemisphere, wind blows in counter
clockwise direction whereas clockwise in the Southern Hemisphere due to the
Coriolis force. The formation of a tropical cyclone depends on several conditions
which include:

* A warm sea surface temperature (above 26.5 °C)
» High relative humidity in the atmosphere.

* Atmospheric instability

» Lower vertical wind shear

» Coriolis force

* An initial low-pressure disturbance

A tropical cyclone is a large funnel-shaped storm with a wide top of the order of
1000 km in diameter and narrow bottom of order of 300-500 km in diameter. The
height of the storm is order is of 10—15 km. The diameter of a cyclone encompassing
the region of relatively strong wind is order of 500 km. The centre part of a cyclone is
called the eye. The eye normally has an average radius of about 20-30 km. The
pressure is the lowest and temperature is the highest in this region. The eye is
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surrounded by a ring of very strong wind extending on an average up to 30-50 km
beyond the centre, known as eye wall. The strongest deep convection and often the
most powerful winds can be found in the eyewall. Outer part of a cyclone is known
as rain bands. These bands may be hundreds of kilometres long and a few kilometres
wide. The intensity of a cyclone can be derived either by the low sea level pressure at
the tropical cyclone pressure centre or the maximum sustained winds in the eyewall.

The cyclones that develop between Tropics of Cancer and Capricorn are knowns
as Tropical Cyclones. The tropics are warm all year, averaging 25-28 °C. Cyclone is
not formed at the equator because of zero Coriolis force which exists at the equator
however, Coriolis force increases with latitude so cyclones are reported as we move
away from equator. Coriolis force at 5° latitude is significant enough to create a
storm. That is the reason most of the tropical cyclones are formed within the belt of
5°to 30° N and 5° to 30° S.

Hurricanes, typhoons, cyclones, and so on are different names for the same type
of severe storms occurring in different geographical regions. Tropical Cyclones are
known as hurricanes in the Atlantic Ocean, typhoons in the Pacific, Ocean and
Willy-Willies in Australia seas and Cyclones in the North Indian Ocean. There are
three hazards associated with a cyclone, which cause tremendous amount of destruc-
tion in coastal region. These are strong winds, storm surge and heavy rainfall causing
flood.

7.2 Present Scenario

7.2.1 Global Trends

Cyclones were second only to earthquakes in terms of loss of lives, killing 233,000
people during 1998-2007. Storms were found to be the most damaging type of
disaster, with estimated losses of US$1300 billion over the past 20 years, which is
two times the losses for either flooding or earthquakes. In terms of occurrences, 91%
climate-related disasters were observed during 1998 and 2017. Within this total,
floods (43.4%) and storm (28.2%) were the two most frequently occurring type of
disasters as shown in Fig. 7.1 (CRED and UNISDR 2018).

During 2018, 19.4 million people were affected due to storm, out of which 17.1
million people (88% of the global total) were located in Asia. Storms have been the
costliest type of disaster in terms of economic losses. The economic losses were
estimated to be $14 billion and $16 billion in Hurricanes Florence and Michael
respectively in the United States. During this period, extensive damage from mul-
tiple storms was observed in Asia, China, India, Japan, Philippine (CRED and
USAID 2018). During 2019, several notable and costly tropical cyclones formed
within different parts of the world. Typhoon Faxai (Japan), Hurricane Dorian
(Bahamas), Typhoon Lekima (China), Cyclone Fani (India), and Tropical Storm
Imelda (United States) were highly damaging disaster in terms of economic losses. It
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Fig. 7.1 Frequency of Disaster from1998-2017 (CRED and UNISDR 2018)

has been estimated that the economic loss was nearly USDS58 billion in these six
storms (Weather, Climate and Catastrophe Insight, Annual Report 2019).

7.2.2 National Level

India is one of the most cyclone prone region of the World causing huge loss of lives
and properties. The Orissa super-cyclone of 1999 was the worst cyclone of the
country which killed over 10,000 people, and caused widespread damage to property
and economic losses. During the period of 1980 to1990, the average annual loss was
around Rs. 200 crores (44 million US$). The estimated loss was around Rs. 8000
crores between 1996 to 1999 (Goyal et al. 2012).

It has been observed that 308 cyclones crossed the east coast of Indian region, out
of which 103 were severe during the period 1891-2006. Within this period,
48 cyclones have crossed the western coast, it was reported that among these almost
24 cyclones were categorized as being of severe intensity (NDMA 2016).

“Phailin” a very severe category of cyclone hit Odisha’s coast in 2013. It resulted
in extensive damage to properties and destroyed the power as well as communication
infrastructure within the State’s coastal districts. According to Rapid Damage and
Needs Assessment Report (2013), the monetary loss on account of Cyclone Phailin
was the order of about Rs 89,020 million (this amount was almost equivalent to 1450
million USD).

Over 13.2 million residents were affected within 171 blocks located in 18 districts
over the state. Approximate 30 people lost their lives during Phailin. It was observed
that the death toll reduced significantly because of timely evacuation of a large
populations during Phailin in 2013 and Hudhud in 2014, however, there were
significant physical and financial losses.
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Cyclone Fani, hit the coastal region in 2019, the estimated total damage amounted
to Rs 16,465 crores (almost equivalent to 2352 million USD) it killed about
64 people and damaged more than 3,60,000 houses in the state’s coastal districts
(Damage loss and need assessment Report 2019).

The year 2019 was recorded one of the most active cyclone seasons in the North
Indian Ocean (NIO). During 2019, 8 cyclonic storms formed over the Indian North
oceans. Out of which 5 cyclones formed over Arabian Sea against the normal of
1 per year. The frequency of cyclones was abnormally high for the Arabian Sea due
to increase in temperature and other reasons.

The Super Cyclonic Storm “AMPHAN” was the first Cyclonic Storm formed
over the BoB, after the Odisha super cyclone of 1999, that cause considerable
damage in eastern part of the country, especially in West Bengal in May 2020.
After Amphan, another severe cyclone storm, Nisarga formed over the Arabian sea,
was the strongest cyclone to strike the Maharashtra coast in the month of June, 2020
since 1891.

7.3 Classification of Tropical Cyclones

The India Meteorological Department (IMD), is the nodal agency which is respon-
sible for monitoring and forecasting of cyclones in India. Cyclones are categorized
on the basis of wind speed in their circulation. However, categorization of cyclones
differs in every region. In United States, Hurricane are categorized into five different
classes on the basis of their wind speeds as captured over the Saffir—Simpson
Hurricane Wind Scale.

The categorization of cyclones is based on maximum sustained winds associated
at the surface level, it is presented within Table 7.1. These systems with low-pressure
and variable intensity are usually referred to as cyclonic disturbances (Mohapatra
2015).

A table of the damage caused by tropical cyclones in the coastal region, increased
storm intensity is associated with greater damage are available in Standard Operation
Manual of Cyclone Warning in India published by, IMD, Delhi in 2013.The

Table 7.1 Indian system for categorization of cyclones

S.no | Classes Highest sustained wind speed

1. Low pressure area Lower than 17 knots (<31 kmph)

2. A depression 17-27 knots (31-49 kmph)

3. Deeper depression 28-33 knots (50-61 kmph)

4. Cyclone storm 34-47 knots (62—88 kmph)

5. Severe cyclone storm 48-63 knots (89—118 kmph)

6. Very severe intensity cyclone storm | 64—119 knots (119—-121 kmph)

7. Super cyclone storm 120 knots and greater than 120 knots (>222 kmph)

Source: IMD (2013)
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information is based upon the prevailing scientific knowledge of tropical cyclones
and expert opinions. From this table, it is possible to predict the potential damage at a
particular intensity of storm, accordingly the measures can be undertaken to mini-
mise the impact of cyclones.

7.3.1 Classification of Cyclone Prone Areas of India

The extent of damage caused by a tropical cyclone in any coastal area is determined
by storm surge and wind. Among these two factors strong winds are responsible for
causing the major damage. Hence it becomes significant to classify regions on the
basis of cyclone-wind risk vulnerability for undertaking mitigation measures. This
provides assistance in identifying locations in which lifeline systems are prone,
selection of pockets for the provision of important community services, preparing
insurance policies and consider those areas which require strict provisions for code.

The macro-level wind speed zones have been given for the country IS 875 (Part
3):2015. India has been divided into six zones, namely, 55, 50, 47, 44, 39 and 33 m/s
on the basis of basic wind speed (V},). From wind hazard zonation of point of view,
these zones can be categorised as shown in Table 7.2.

Wind Hazard Maps have been published in Vulnerability Atlas of India which
divides the area into six zones as given in Table 7.2. The Wind Hazard Map of India
is given in Fig. 7.2. The cyclone affected coastal region of India come under 50 and
55 m/s zones.

Wind Hazard maps for both India and state/UT levels are available in Vulnera-
bility Atlas of India (third edition) published by BMTPC in 2019. The district-wise
housing vulnerability risk Tables based on wall types and roof types are also
available as per 2011 Census Housing data. It is a useful tool for urban managers,
town planners, Government agencies for taking necessary steps related to disaster
management. It is useful in policy planning, preventive actions for housing and
related infrastructures, warning system installation, land use planning, etc. thereby
aiding in better cyclone management.

Table. 7.2 fWind hazard Basic wind speed (V;,) Risk zone

zonation of country 55 m/s Very High Damage Risk Zone—A
50 m/s Very High Damage Risk Zone—B
47 m/s High Damage Risk Zone
44 m/s Moderate Damage Risk Zone—A
39 m/s Moderate Damage Risk Zone—B
33 m/s Low Damage Risk Zone




7 Cyclone Disaster Mitigation and Management in India: An Overview 127

- = v . . 5 L

INDIA

Wind Harard Map

o P

e L L TR LR L T
Pomahatos | ) 3100 64 4TT

ey
B e e e et [ —
R LRI TR S S e o
- W v e e e A i
VAt 8§ Suvis 13t BE 5 e e e B vos fun ussenn em saed - B Feesbs Y
B T e e
. T b e R o ™ e
Mo e Peg P 8 e

Hmee I retvetinmsi sty |
prisrsninapenspinpiartiuie
= P S Ve Pan Wkt

L v T ¥ T T

B e e B B s b VA A My B e el e eSS U S W B md W B St e e SO s i S Bom w1
T P W e T e T e T T b e TR DRtee N TR A s b e i

Fig. 7.2 Wind Hazard Map of India (Source: Vulnerabilty Atlas of India 2019)

7.3.2 Cyclone Occurrence Map of India

Cyclone occurrence map for the Indian coastal region has been developed by
Building Materials and Technology Promotion Council (BMTPC). The map has
been prepared based on maximum 3-min average Maximum Sustained Wind of
cyclone storms that affected coastal districts of India during 1891-2008. The
Vulnerability Atlas of India, 2019 (third edition) has published the cyclone occur-
rence map of India as shown in Fig. 7.3.

The classification of cyclone hazard prone districts by adopting hazard criteria in
India was conducted in the year 2015 (Mohapatra et al. 2015). The districts are
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Fig. 7.3 Cyclone occurrence map (Source: Vulnerability Atlas of India 2019)

categorised as P4 (Low), P3 (Moderate), P2 (High) and P1 (Very high) based on the
degree of cyclone hazard proneness. The degree of proneness was determined by
undertaking the analysis of the cyclone frequency along with the intensity of the land
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falling cyclones, in addition other hazards such as wind and storm surge. This
classification of districts may be considered for coastal zone management and
planning. Goyal and Datta (2012) presented a method for cyclone microzonation
of Indian coastal areas with assistance from cyclone historical records. This proce-
dure is very useful for those regions where measured parameters such as wind speeds
are not available particularly within the coastal areas of the developing as well as the
lesser developed nations.

7.4 Damage Assessment of Buildings

All buildings have been classified into three main categories in India as
non-engineered (NE), semi-engineered (SE) engineered (E). Buildings, which are
constructed using the conventional building materials and local construction prac-
tices are classified as non-engineered building. Buildings constructed from structural
materials without proper design are classified as semi-engineered buildings. Build-
ings, which have been designed and constructed as per Indian standards are termed
as Engineered buildings (IS 15498: 2004).

In the coastal region of India, non-engineered and semi-engineered houses are the
most common residential dwelling and are a major source of casualties due to
cyclones.

Study conducted by Shanmugasundaram et al. (2000) shows that failure of
non-engineered houses ranged from thatch cover’s complete blowing off to total
lifting of the roof and the bamboo structure, several times the mud walls survive
while other times there is a total breakdown of the mud walls. With regard to the
semi-engineered dwellings the extent of damage ranges from breakage of the tiles
and AC sheets to a total lifting-off of the roof’s structure resulting inconsiderable
damage to the walls. Hence, assessment of vulnerability or damage of different
forms of dwellings in a coastal region is important in relation to cyclonic disaster
mitigation. The damage assessment methods are classified as qualitative and quan-
titative methods. Qualitative damage is determined using damage scale according to
Indian standard procedure (IS 15499: 2004). Guidelines for survey of housing for
vulnerability assessment in cyclone prone areas is given in IS 15499:2004
(Reaffirmed 2015). Damage can be categorised as None, Marginal, Medium,
Heavy and Total based on failure of houses.

It has been observed that damage to houses is mainly responsible for loss of life in
the coastal region. Therefore, there should be greater emphasis on the safety of
houses to minimise the damage to property and loss of life. Bureau of Indian
Standards IS 15498:2004 (Reaffirmed 2015) has published guidelines for construc-
tion of houses in cyclone prone region.

There are two quantitative methods for vulnerability and damage assessment for a
group of houses (1) Direct method and (2) Component-based method. In the direct
method, the model is developed for the entire house. In the component-based
method, the vulnerability of roof, secondary roof members, wall, etc. are computed
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Fig. 7.4 Fragility curves for damage state III for NE:SE = 3:1 (Source: Goyal et al. 2012)

for each component. The vulnerability model of the structure is developed by
combining components vulnerabilities of structure and their interactions.

A procedure has been presented by Goyal et al. (2012) for the estimation of the
susceptibility of a rural house cluster to cyclones. It involved undertaking a fragility
analysis analogous to varying damage states such as damage state I, state II and state
IIT respectively of the rural houses within a cyclone susceptible region, lacking
systematic data for carrying out such a statistical analysis. This method is of use in
getting an initial assessment of the probability of collapse of a rural house cluster for
varying states of damage and accordingly, in optimally allocating the resources for
the mitigation of cyclone. Fragility curves depicting the overall failure probability
for percentiles ranging from 20th—80th percentile corresponding to damage state III
for NE to SE ration of 3:1 are shown in Fig. 7.4.

A vulnerability assessment of rural houses using component-based method has
been presented for the coastal region of India. Vulnerability curve for ratio of
non-engineered and semi-engineered houses (n,) equal to 3:1 is shown in Fig. 7.5
(Goyal and Datta 2014). A study was also conducted by Goyal and Datta for
analysing the effect of wind directionality on vulnerability of rural houses (Goyal
and Datta 2013).

7.5 Cyclone Risk: Mitigation Measures

There are structural as well as non-structural ways to reduce the impact of cyclones.
Mitigation means measures taken prior to the impact of a disaster to minimise
damage and injury from the storm. The structural measures imply any physical
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form of construction to minimise the possible impacts of hazards to achieve hazard-
resistance and protective the structures and infrastructure.
Structural measures consist of:

* cyclone shelter construction

 culverts, road links and bridges construction;

 drains, canals and water tanks construction,

¢ embankments for saline water;

» towers for communication and networks for power transmission etc.

Non-structural methods are the means to reduce cyclonic risk with the help of public
awareness, training, policies, regulations, education, and vulnerability assessment of
coastal regions. These measures consist of

» Early warning systems,

* Systems for communication as well as dissemination
* Coastal zones management

» Creating awareness and capacity building

* Disaster risk management

During cyclones, it is significant to ensure the provision of safe cyclone shelters for
the protection of human life. It has been observed that loss of life is large due to the
lack of cyclone shelters in coastal region. Many buildings, schools, places of
worship, community halls, etc. have been utilized for providing shelter to population
that is evacuated from the cyclone affected areas. It was found that several previ-
ously constructed cyclone shelters did not have pucca all-weather roads for access
that need to be provided to affected people for shifting during emergency evacuation.
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There is a need to review and improve the quality of existing road network,
culvert and bridges. The coastal villages should be connected with the help of
all-weather approach roads for proper coordination of relief and rescue operations
and effective evacuation. The conditions of roads, bridges, and culvert should be
review by the concerned agencies for smooth functioning of operations related to
disaster management during cyclones. Roads, bridges, culvert should be constructed
for the last mile connectivity.

The network of canals and drains plays a very important role in reducing the
cyclone impact through the receipt, accommodation and return back of surge waters
towards the sea. Coastal canals may also be used as an alternate to road during a
cyclone or flood. Further it was reported that even the surface water tanks support in
lowering the effect of cyclones as well as storm surges. Construction and renovating
the existing saline embankments are required to protect people, live stocks and
agricultural fields from saline water inundation/storm surge. Based on failure of
communication and transmission towers in past cyclone, it has been recommended
that towers should be constructed based on the 100-year return period of cyclone’s
wind velocity.

On the basis of past experiences, it has been observed that early warning system
along with community-based management have played an important role in
minimising the loss of lives, and reduce economic losses.

7.5.1 Early Warning System

Early warning systems form an important part of disaster management. Past expe-
riences have highlighted their role in managing disasters particularly with in the
South Asian region. Increased lead interval along with improved accuracy in fore-
casting of cyclone genesis, tracking of its intensity and adverse weather would be
useful in improving disaster management. A crucial short-term cyclone mitigation
measure is provision of timely warning to the population as well as the officials in the
area. These predictions include cyclone’s arrival time, intensity and the location. It is
of significance to regularly upgrade the constituents of this early warning system on
the basis of latest technology for better response. Such advances have greatly
enhanced the capability of EWS and as per estimates this has been instrumental in
reducing the human lives loss to even below 100.

Several significant steps have been taken to modernize and upgrade the cyclone
monitoring and early warning systems in India by IMD. The warning in graphics
bulletins has been introduced in addition to text bulletins. However, even at present
few scenarios present difficulties in forecasting of cyclones such as rapidly becom-
ing severe or weak cyclones close to the land.

In India the early warning systems for cyclone have gradually evolved over a time
period. The storm warning system was first established for the Bay of Bengal storms
at Calcutta in 1865 and for the Arabian Sea storms in Mumbai by 1882. After the
establishment of India Meteorological Department (IMD) in 1875, cyclone warning
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started to be issued to various stakeholders (Sikka 2019). Now a days the warnings
are being issued by Cyclonic warning organisation of IMD. In India, the Cyclone
Warning Organization of IMD has a 3-tier system to cater to the needs of the coastal
states. Cyclone Warning Division (CWD) set up at IMD Head Quarters Delhi is also
functioning as Regional Specialised Meteorological Centre—Tropical Cyclones
(RSMC—Tropical Cyclones), New Delhi to liaising with Central Government
organisations and other government agencies. Cyclone Warning Division supervise
the cyclone warning operations and provide the cyclone advisories to WMO/ESCAP
Panel countries. There are three Area Cyclone Warning Centres (ACWCs) at
Chennai, Mumbai and Kolkata and four Cyclone Warning Centres (CWC) at
Visakhapatnam, Ahmedabad, Bhubaneswar, and Thiruvanathapuram.

The observational network for monitoring tropical cyclones should determine the
correct location and intensity of cyclones. Presently, observations are collected from
Surface Observatories, Upper Air Observatories, Radars and satellites monitoring
and forecasting of tropical cyclones.

According to report of RMSC (2019), at presentism has 560 surface observato-
ries. The data obtained from these stations are used on real time basis for operational
forecasting. In, Upper Air Observatories, there are 62 Pilot Balloon Observatories,
43 Radiosonde/Radio wind observatories. All the 43 stations are latest of the art-GPS
based observatories. The data collected all over the country are used on real time
basis for tropical cyclone forecasting. There are 24 Doppler weather radars (DWRs)
in weather radar network managed by IMD. IMD also utilizes the DWR installed by
ISRO at Thiruvananthapuram, Cherrapunji and Sriharikota. Radars of IMD are
being used for detection of rainfall, hail storm, dust storms, thunder storms and
tracking of cyclonic storms. Within a phased manner IMD has planned the induction
of almost 55 DWRs within the network so that the whole country including the
coasts is covered under DWR. Now a days, two Indian satellites namely INSAT-3D
and INSAT-3DR are used to receive and processing meteorological data. INSAT-3D
and INSAT-3DR have an advanced imager with six imagery channels. The products
derived from the satellite are useful for monitoring of tropical cyclones. IMD and
ISRO have jointly developed a tool RAPID (Real-time Analysis of Product and
Information Dissemination) for visualization, which can monitor and analyze satel-
lite imageries and other products of INSAT 3D and 3D(R).

Four stages warning system has been introduced by IMD for tropical cyclones to
issue cyclone warnings to state government and disaster managers from 1999.

* Pre-Cyclone Watch is the first stage of warning system, which is issued at least
72 h in advance. It is issued when a cyclonic disturbance in the north Indian ocean
(NIO) is likely to intensify into a tropical cyclones and coastal region is likely to
affect in future.

* Cyclone Alert is the second stage of warning system issued at least 48 h in
advance of the expected commencement of the bad weather over the coastal areas
(WMO and ESCAP 2009). It provides information regarding the storm’s loca-
tion, its intensity, the probable direction of movement, severity and coastal
districts to be impacted by storm severity. System issues waning to fishermen,
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media and the district officers. Colour code ‘yellow’ is used for the second stage
of warning., ‘cyclone Alert’ and it is given by ACWC (area cyclone warning
centre), CWC (cyclone warning centre) and the CWD (cyclone warning division)

* Cyclone Warning is the third stage of warning system issued at least 24 h before
the commencement of the bad weather over the coastal areas at 3-h intervals
(WMO and ESCAP 2009). This information also contains the expected damages
and action suggested by giving the advice to media, fisherman, general public and
agencies involved in disaster management. These warnings are issued by the
ACWCs/CWCs/and CWD. Colour code ‘orange’ is used for ‘Cyclone Warning’.

* Post landfall outlook is the fourth stage of warning system issued at least 12 h
before cyclone landfall. At this stage, Information about time and place of landfall
is more accurate and specific. The possible impact due to cyclone in interior areas
are warned at this stage. Colour code’ red’ is used for forth stage of warning
system.

Subsequently once the cyclone weakens into a depression, a ‘de-warning’ message is
disseminated. Warnings are shared with public via fax, telephone, SMS, email, press
release, GTS (Global Telecom System), WIS (WMO Information System), radio,
community radio, TV, IVRS (Interactive Voice Response system) and other print
and electronic media. The weather information and forecast of important Indian
cities may also be accessed by dialling this Toll-free number 1800 1801717. A
central IVRS caters to major cities weather updates. Over the years several initiatives
have been undertaken by IMD to improve the weather forecasting and the warning
systems on the basis of recent tools and techniques. From 2009, IMD has launched
SMS service for weather and alerts via AMSS at New Delhi. IMD has also made use
of Digital India platform to utilize the Mobile Seva provided by the Department of
Electronics and Information Technology (DeitY). For the warnings based on SMS
and weather-related information to varied users the assistance has been taken from
the Ministry of Communication and Information Technology. On 25th Dec, 2014
cyclone-based SMS alert service for registered users from the public was launched.
The GMDSS (Global Maritime Distress and Safety System) message also is
highlighted on the RSMC website (URL: www.rsmcnewdelhi.imd.gov.in) and is
also transmitted via the GTS. The WIS Portal-GISC based at New Delhi is an
additional system for the dissemination of cyclone warning. Warning messages may
also be accessed by users from the website URL: http://www.wis.imd.gov.in. Since
30th March, 2016 IMD has begun issuance of the NAVTEX bulletins for the coastal
regions on both the east and west Indian coasts. It supports the functioning of
fisherman and lightships. Along with these networks, for rapid dissemination of
warnings to public and officials against upcoming cyclones, special receivers have
been installed by IMD in the susceptible coastal areas through the utilization of
broadcast capacity of the INSAT satellite. This direct broadcast service of cyclone
warning is issued in the local regional languages.


http://www.rsmcnewdelhi.imd.gov.in
http://www.wis.imd.gov.in

7 Cyclone Disaster Mitigation and Management in India: An Overview 135
7.5.2 Community-Based Cyclonic Risk Management

Community based disaster risk management is important aspect to achieve sustain-
ability for managing disaster risk. It is not possible to manage and handle disaster
without active participation of vulnerable community. It is decentralized bottom-up
approach involve vulnerable people in implementation of disaster management and
planning. The local community is the first to respond the disaster can play an
important role to deal with the impacts of disasters. Communities should be
supported to understand disaster risk. The emphasis on community-based disaster
management is given in the National Disaster Management Plan (NDMA 2016,
2019). Capacity of community should be enhanced through awareness, sensitization,
mock drills and developing skills. During cyclone Fani, volunteers acted immediacy
and supported in evacuation of people from the vulnerable area. They also supported
in clearing roads, providing medical aid, food distribution and relief materials to the
cyclonic victims. Therefore, the community-based approach of disaster management
is strongly relevant in DRR and the climate change mitigation. It is based on
managing cyclone risks, provision of early warning and preparing the community
to act against a cyclone.

7.5.3 Relevant IS Codes

There are several IS codes which are referred for the planning of houses, survey of
houses and construction of various type of structures, taking into account wind loads
in cyclone prone region. There are also Indian Road Congress (IRC) specifications
used for maintenance and guidelines for roads/culverts/bridges. These are:

o IS: 15498-2004. “Design and Construction of Buildings and Structures in
Cyclone Prone Regions”.

» IS: 15499-2004. “Guidelines for Survey of Housing and Building Typology in
Cyclone Prone Areas for Assessment of Vulnerability of Regions and Post
Cyclone Damage Estimation”.

o IS 456: 2000(R2016). “Plain and Reinforced Concrete—Code of Practice”.

+ IS 800: 2007. “General construction in steel—Code of practice”.

» IS 875(Part-3):2015. “Design Loads (other than Earthquake) for Buildings and
Structures -Code of practice”.

» IS 8237: 1985. “Code of Practice for Protection of Slope for Reservoir Embank-
ment (reaffirmed 2017)”.

« IS 12094: 2000. “Guidelines for Planning and Design of River Embankments
(Levees)”.

o IS 12169: 1987. “Criteria for design of small embankment dams”.

« IS 10635: 1993. “Freeboard requirements in embankment dams—Guidelines
(reaffirmed 2003)”.
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o IS 11532: 1995(R2001). “Construction and maintenance of river embankments
(levees)—Guidelines”.

« IRC: SP 18:1978. “Manual for highway inspection”.

» IRC: SP35:1990. “Guidelines for inspection and maintenance of bridges”.

* IRC: SP33:1989. “Guidelines on Supplemental Measures for. Design, Detailing
and Durability of Important. Bridge Structures”.

« SP 7: 2016. “National Building Code of India 2016”.

7.5.4 National Cyclone Risk Mitigation Project (NCRMP)

The first substantial work in the area of disaster management in India was done
through the constitution of the High-Powered Committee (HPC) in August, 1999,
just a few months before the Orissa super cyclone in November, 1999. In the
immediate aftermath of the Orissa’s Super Cyclone in 1999, the Orissa State
Government set up the Orissa State’s Disaster Mitigation Authority or the
OSDMA. The aim of the authority was to focus on the state residents to become
more disaster resistant by systematic planning of disaster management.

Subsequent to the December 2004 tsunami, DM Act 2005 was made by the
parliament to set up an institutional mechanism for proper management of disasters
in the country.

The institutional framework was created at National level, State Level and
District level under DM Act 2005. At the national level, National Disaster Manage-
ment Authority (NDMA), at state level, State Disaster Management Authority
(SDMA) and at district levels. District Disaster Management Authority (DDMA)
has been were created.

After the formation of NDMA, the management of National Cyclone Risk
Mitigation Project” (NCRMP) was transferred to NDMA by MHRD in September
2006. The Government of India has initiated the NCRMP to address cyclone risk in
the coastal states. The overall objective of the project is to strengthen the structural
and non-structural cyclone mitigation efforts to minimise the losses due to impact of
cyclones in the coastal states of India. These States/UTs were classified into two
categories, namely category I and category II, based on their vulnerability to such
risks. In category I, the higher vulnerable coastal states of Andhra Pradesh, Gujarat,
Orissa, Tamil Nadu and West Bengal were selected. In categories II, the coastal
States/UTs of Maharashtra, Goa, Karnataka, Kerala, Aman& Diu, Puducherry,
Lakshadweep and Andaman and Nicobar Islands were identified based on lower
vulnerability to cyclones.

National Cyclone Risk Mitigation Project Phase I covers states Andhra Pradesh
and Odisha, has been stared form Jan. 2011. NCRMP Phase—II covers States of
Gujarat, Maharashtra, Goa, Karnataka, Kerala, and West Bengal.

The phase I of National Cyclone Risk Mitigation Project (known as NCRMP-I),
is a scheme sponsored by the Central government and is being funded by the World
Bank in form of Adaptable Programme Grant. This scheme is being implemented in
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Fig. 7.6 Approach Road in West Godavari District Bridge (Source: NDMA Annual report,
2018-19)

the states of Odisha and Andhra Pradesh from January, 2011. NDMA is the Nodal
Agency at the National Level for monitoring the implementation of the project while
the participating states include Odisha and Andhra Pradesh.

The major objectives of this project are the up gradation of cyclone early warning
and dissemination systems (EWDS), building of the cyclone risk mitigation infra-
structure for reducing the vulnerabilities of coastal communities by constructing
multi-purpose cyclone shelters, bridges, roads and saline embankments and under-
taking capacity building for disaster risk management.

As per the Annual report (2018-19) of NDMA various measures in form of
construction of535 cyclone shelters, 32 bridges, 1086 km of approach roads and
88.12 km of saline embankment have been finished under NCRMP Phase-I.
275 Early warning dissemination systems, 476 Alert sirens, digital mobile radio
and 34 satellite terminals have been procured and installed. Under this project, three
studies on the assessment of coastal hazards, risk and vulnerability, the preparation
of modules for long term training as well as capacity building; and finally Post
Disaster Needs Assessment (PDNA) have been conducted. Some photographs of
assets created in Andhra Pradesh and Odisha under NCRMP Phase-I are given in
Figs. 7.6 and 7.7.

National Cyclone Risk Mitigation Project Phase-II has been approved by Gov-
ernment of India in July, 2015 for a 5-year duration till March, 2020. NCRMP-1I
includes the Indian States of Gujarat, Goa, Kerala, Karnataka, Maharashtra and West
Bengal.

For providing assistance for Implementation of Early Warning Dissemination
System (EWDS), TCIL has been engaged by the states of Maharashtra, Goa, Kerala
and Karnataka in the form of their partner. PWC and KPMG have been engaged by
West Bengal and Gujrat as their knowledge partner (NDMA Annual report,
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Fig.7.7 Multi-purpose Cyclone Shelters in Puri District (Source: NDMA Annual report, 2018-19)

Fig. 7.8 Multipurpose
cyclone shelter in West
Bengal

2018-19). Photograph of multipurpose cyclone shelter constructed under NCRMP-
I IN Gujrat and West Bengal are shown in Figs. 7.8 and 7.9.
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Fig. 7.9 Multipurpose
cyclone shelter in Gujrat

7.5.5 Role of Shelterbelts; Mangroves and Buffer Zone:
Coral Reef in Cyclone Disaster Mitigation

For protection from the wrath of cyclone nature has ensured biological means in the
form of mangroves and shelterbelts. It has been recognised that mangroves and
shelterbelt are able to reduce the energy of storm surges and tsunami waves. They
reduce the impact of tsunami waves, storm surge, and high winds resulting in fewer
loss of lives and damage to property from storms and cyclones. Therefore, man-
groves and shelterbelt are important measures to mitigate the impact of cyclones.

Das and Vincent (2009) have conducted a study to identify the role of mangroves
in cyclone risk mitigation in 1999 Orissa Super Cyclonic Storm. It had been found
that the villages, which were in the shadow of mangrove forest experienced signif-
icantly fewer death as compared to the villages with narrower or no mangrove cover.

As per report on Cyclone Hudhud, complied by NDMA 2015, the mangroves
played a significant role in protecting the coastal areas from storm surge. It has also
been recommended that there is acute need to maintain more shelterbelts and
mangrove in coastal region.

Coral reefs act as a buffer; protect our coastal areas from the impacts of waves,
floods and storms. With the buffering action of coral reefs, the shorelines are
prevented against adverse impacts of waves, floods and the storms which minimize
the loss to lives and damage to property. In the absence or damage caused to such a
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natural barrier, the damage caused by storms to the coastal communities may
increase manifold.

The wellbeing of coral reefs is dependent on the implementation of sustainable
developmental practices for the coast which guard these susceptible coral ecosys-
tems along with the organisms which reside in these areas. Climate change presents a
significant threat to coral reefs. It is evident from existing scientific evidence that
anthropogenic activities have resulted in green house gas emissions which have led
to the warming of Earth’s atmosphere and the oceans. Climate change results in
warming of oceans causing direct heat stress to coral reefs. Even indirectly it alters
patterns of oceanic circulation, boosts the power of cyclones which leads to exten-
sive destruction of coral reefs along with the associated organisms. Though the
cyclone frequency is not likely to increase its intensity has been predicted to rise on a
global scale which would result in occurrences of damaging cyclones with severe
damage caused to coral reef ecosystems and the services which are provided by these
ecosystems to populations across the globe.

The Ministry of Environment and Forest and Climate Change, Govt. of India had
taken up activity under the Integrated Afforestation and Eco-development Project to
form a shelterbelt along the coastline (GIDM 2020).

7.5.6 Coastal Regulation Zone

The transition area between marine and territorial zones is called as coastal zone.
Owing to the continuous exploitation of the coastal regions the mangroves, fish
breeding and coral reefs have been adversely impacted. This has resulted in reduc-
tion of the livelihood of 200 million villagers and other communities residing along
the country’s 7516 km long coastline. As such it is not possible to prevent or control
natural hazards, but the losses of life and damage to property can be considerably
minimised by coastal zone management. Such measures include properly protecting
and restoring natural bio-shields, proper planning for finding the affected commu-
nities and building infrastructure within safer areas in coastal region, etc., Hence, it
has been considered as essential to initiate a plan of action for coastal area for the
purpose of overcoming the environmental problems.

The Coastal Regulation Zone (CRZ) was notified by the Ministry of Environment
and Forest notification, Govt. of India in 1991 under the Environmental Protection
Act, 1986 to protect and conserve the coastal environment in coastal areas of India.
Coastal area has been categorised as CRZ-1, CRZ-2, CRZ-3, CRZ-4 under this
notification. The Ministry of Environment, Forests, and Climate Change
(MoEF&CC) was replaced the Coastal Regulation Zone (CRZ) Notification, 1991
with two Notifications namely;

1. Coastal Regulation Zone (CRZ) Notification, 2011 applicable for Mainland India
to ensure livelihood security to fishing and other local community.



7 Cyclone Disaster Mitigation and Management in India: An Overview 141

2. Islands Protection Zone Notification, 2011 applicable for A&N islands and
Lakshadweep

A Coastal Regulation Zone Notification has been issued in 2018 on the basis of
inputs received from several coastal states, the Union Territories as well as the other
stake holders. The notification has been issued with a perspective to conserve as well
as to protect the distinctive environment existing within the coastal and the marine
areas. In addition, the focus is on provision of livelihood to coastal communities and
for the promotion of sustainable development considering the risks of natural
disasters and that of sea level rise on account of global warming.

The land area from High Tide Line (HTL) to 500 m on the landward side along
the sea front has been declared as Coastal regulation zone as per CRZ
notification 2018.

CRZ shall be applicable to the land area between HTL to 50 m or width of the
creek, whichever is less on the landward side. The land area between the HTL and
the Low Tide Line (LTL) is termed as “intertidal zone”.

7.5.7 Classifications of Coastal Zones

The coastal regulation zone under CRZ notification (2018) for the purpose of
conserving and protecting the coastal areas are classified as under:

* CRZ-I These are environmentally most critical areas. The CRZ-I is further
categorised into CRZ-I A consisting of the ecologically sensitive areas (ESAs)
and geomorphological features (like, Mangroves, Corals and coral reels, sand
dunes, etc.) and CRZ-I B covering the area between Low Tide Line (LTL) and
High Tide Line (HTL), i.e., intertidal zone.

* CRZ-II: Areas which are developed up to or close to the shoreline.

e CRZ-III: Areas that are relatively undisturbed (viz. rural areas, etc.) and do not
fall under CRZ-II. The CRZ-II1 is further classified into CRZ-IIIA and CRZ-IIIB.

CRZ-1II A-Rural areas which are densely populated with a population density of
more than 2161 per km® according to 2011 Census. CRZ-III A will have a No
Development Zone (NDZ) of 50 meters from the High Tide Line on the landward
side as against 200 m from the High Tide Line (HTL) mentioned in the CRZ
notification, 2011. CRZ-III B includes rural areas with a population density of less
than 2161 per km? square according to 2011 Census.

* CRZ- 1V: These areas are the water area. The CRZ-1V is further categorised into
CRZ-IVA and CRZ-IVB. CRZ- IVA includes the water area and the sea bed area
between the Low Tide Line up to 12 nautical miles on the seaward side. Areas
which cover the water area and the bed area between LTL at the bank of the tidal
influenced water body to the LTL on the opposite side of the bank are categorised
as CRZ-1VB.
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The CRZ Notification, 2018 will lead to the economic growth by enhancing the
activities in the coastal regions following the conservation principles of coastal
regions. It will boost tourism and environment and add value to the economy of
India.

Sundarban region of West Bengal and other islands are categorised as Critical
Vulnerable Coastal areas. These areas are managed with the participation of coastal
communities. Nature based solution like, Mangrove plantations is one of important
mitigation measure for cyclones.

The National Coastal Zone Management Authority (NCZMA) at national level
and CZMAs at State level have been constituted for effectively monitoring and
enforcing the notification.

7.5.8 Integrated Coastal Zone Management Project (ICZMP)

The Government of India with the assistance of World Bank has initiated the
Integrated Coastal Zone Management Project to implement the various provisions
of the CRZ Notification and IPZ Notification, 2011. It includes formulation of plan
for Integrated Coastal Zone Management of State. The ICZMP Phase-I is being
implemented by MoEF&CC in Gujarat, Odisha and West Bengal to address most of
the issues relevant to impact of Climate Change in coastal areas.

7.6 Case Study: Cyclone Fani

A comprehensive report on the loss and damage along with the need assessment for
Cyclone Fani which occurred in Odisha in 2019 was prepared by collaborative
efforts of Odisha state Government, OSDMA, the World Bank, the agencies of
United Nations along with the Asian Development Bank. Based on this report, a case
study of cyclone Fani presented.

On 3rd May 2019 morning, extremely severe cyclonic storm, the Fani, a rare form
of summer cyclone, reached the coast of Odisha quite close to Puri. Wind speeds of
175-180 km per h (kmph) reaching to over 205 kmph were reported during the
landfall of cyclone at Satpada as per IMD. The Fani was the strongest tropical
cyclone to strike Odisha, an eastern state of India since 1999 Odisha Super Cyclone.
Approximately 10,000 people were killed during super cyclone of 1999, while
64 people lost their lives during the Fani. As compared to super cyclone 1999,
human causalities were very low in the Fani.
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7.6.1 Disaster: Effects and Impact

About 16.5 million people (about 36% of total population of Odisha) in over 18,388
villages in 14 of the 30 districts in the state were affected. The most impacted
districts from Fani included Khurda, Puri, Cuttack, Kendrapara and Jagatsinghpur.
During cyclone Fani the Power, telecommunication infrastructure, and road services
were severely affected. About 3.62 lakh houses were damaged. Approximately
19,734 Ha of agriculture area was affected. The worst impacted sectors from Fani
included power, telecom, housing, and the livelihoods in the form of agriculture,
fisheries and livestock. According to the report the total damages were of the order of
Rs. 16,465 crore almost 2352 million USD, while the recovery needs were estimated
to be INR 29,315 crores.

7.6.2 Preparedness

Upon receiving the early warnings from IMD, Government of Odisha evacuated
almost 1.55 million residents within 9177 shelters. With the help of 23 special trains
as well as 18 buses over 25,000 tourists were successfully evacuated. Two days
before the landfall all sorts of fishing operations were suspended. For the rescue and
relief activities, 20 units of the Odisha Disaster Rapid Action Force (ODRAF),
335 units of Fire Service and 25 units of the National Disaster Response Force
(NDRF) were employed into service. For 24 x 7 the block and district level
emergency centres were put into action. Almost 4.5 lakh polythene sheets (tempo-
rary shelter materials) were positioned at district and sub district level. In susceptible
areas the Govt’s disaster response forces were brought in service. Food packets were
made ready for Air force helicopters to drop to people.

Volunteers, officials, workers and other civil society organisation, NDREF,
ODRAF, other agencies worked together round the clock to evacuate 1.55 million
people in 24 h. It was the largest evacuation program ever done in the World.

7.6.3 Relief and Rescue Operations

A massive rescue and response operation were started immediately after the landfall.
Sixty teams from NDRF, 18 units of ODRAF, 585 fire team and nearly 45,000
volunteers carried out relief operations. State Government was also supported by
Eastern Naval Command of the Indian Navy undertook the rescue as well as the
relief operations. Almost 10,000 packets of food were dropped from Airforce
helicopters. With the help of local people, more than 6000 were opened. Major
roads within Puri and Bhubaneshwar were cleared and power supply was restored
within 48 h.
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7.6.4 Reasons for Successful Management of FANI

Improvements in early warning systems, forecasting capabilities, preparedness and
disaster management significantly helped in mitigating the impacts of cyclone Fani.

7.6.4.1 Early Warning System (EWS)

The India meteorological department has taken several imitative to modernize and
upgrade the early warning systems for cyclones and built an effective service to
predict accurate timing of cyclone formation in the North Indian Ocean. Prior to
formation of low-pressure area, the cyclone was monitored and predicted from 18th
April onwards by IMD. Information about the formation of low-pressure area over
EIO and adjoining south BoB was given on 25th April, 2019. An extremely severe
cyclonic storm (ESCS) with wind speed of 175-185 kmph gusting to 205 kmph
would cross around Puri on 3rd May, was continuously predicted on 30th April, 1st
and 2nd May 2019. This EWS enabled the state to get prepared and steps were taken
in advance to minimise the loss of lives. After issuing of warning, people followed
the instruction given by the authorities. A massive evacuation drive was undertaken
prior to landfall in the state of Odisha.

7.6.4.2 Cyclone Shelters

Before Odisha super cyclone 1999, state didn’t have a proper plan for disaster
management. Many multi-purpose cyclone shelters, and other infrastructure have
been built under National Cyclone Risk Mitigation Project/other scheme. These
were utilized in managing the cyclone Fani in 2019.

7.6.4.3 Proper Communication Plan

Warning and advisory through social media (face book and tweeter) was given
regularly (every 6 h) during the life period of the system. Roughly 2.6 million text
messages were delivered to locals people before cyclone Fani hit. Press and elec-
tronic media were given daily updates by officials to update people of the
approaching cyclone. People were advised not to get panicked.

Huge campaigns for awareness were organised for informing regarding the basics
of cyclone by the government. This helped in the record evacuation of over 1.55
million residents within 9177 shelters.
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7.6.4.4 Community Participation and Proper Co-ordination of Various
Agencies

Government agencies, volunteers, local panchayats and self-help groups (SHGs)
worked together in preparedness to response, evacuation, distribution of relief, and
shelter management.

Community Participation is an important aspect within any disaster management
strategy.

Senior Government officers were deployed at the district level to coordinate the
activities of various agencies for proper management. Forces of Disaster response
(ODRAF and NDRF) were pre-positioned within the districts in coastal areas. For
ensuring availability of food to the community during the period of cyclone, Food
supplies were pre-positioned in cyclone shelters and food packets were prepared for
air force helicopters to drop to people.

7.7 Conclusion and Way Forward

India’s coastal regions are highly vulnerable to the impact of cyclones and other
related hazards. It is important to note that over 40% of our total population resides
within 100 km of our coastline. Vulnerability of the coastal population has also
increased due to climate change resulting in the rise of sea level and on account of
increase in the frequency and intensity of cyclones.

In order to minimize the loss of lives and damage to houses and structures,
various Structural and non-structural measures are important aspects. In the after-
math of Odisha’s super Cyclone, 1999, several mitigation measures have been
undertaken. As per recent trends of impact of cyclones, the number of lives lost
has declined, while the goal of zero mortality is close to realization, it needs to be
highlighted that the economic losses and damage to infrastructure have been on a
rise. Frequency and intensity of cyclones has also increased due to climate change.
Mangroves and shelterbelt are powerful tools to prevent the impact of cyclones. The
coastal belt plantation drive should be promoted with the involvement of civil
society and community-based organisations. The focus should be to involve com-
munity by massive awareness campaigns, training of fisherman, farmers and capac-
ity building to prepare a resilient community. Clearly the goal of minimizing the loss
of life is achieved, but we are far away from achieving the minimizing the damage to
houses and infrastructures. There is urgent need to reduce the economic losses due to
impact of cyclones. This can be achieved by adopting Resilient Housing, Resilient
Livelihood and Resilient Infrastructure. Houses, schools, hospitals, cyclone shelter
should be cyclone resistant and safe structures. Existing guidelines should be used
for construction of these houses. Quality of housing can be improved through better
building standards and regulations.
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Chapter 8 )
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Action Planning: Experience and Lessons
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Abstract Heat waves are now recognized as a major cause of extreme weather-
related deaths. With the current concern for global warming and Climate Change
altering weather patterns, adverse Climate Change impacts will increase in fre-
quency, severity, duration or areal extent in the future. With most weather stations
still struggling to provide an adequate definition bracket for heat waves, it is difficult
to assess either the past changes or probable impacts and consequences for the
future. Rises in death tolls due to erratic weather conditions have been attributed
to heat waves over the past few years. Heat waves have been reported as a disastrous
phenomenon linked to their origin in hydro-meteorological events. Despite the
increase in severity and duration of heat waves combined with other environmental
interactions, countries have failed to develop proactive associated risk perceptions;
preparedness and lethargic emphasis on mitigation measures have made the problem
worse. Many studies have evidenced that health risks associated with exposure to
excess heat increase significantly. However, heat-wave related fatalities can be
prevented by establishing precautionary measures, which can be simple as planting
more trees. Therefore, the purpose of a Heat Wave Action Plan (HAP) is to mitigate
the adverse health impacts of excessive heat by raising public awareness and
sensitizing the vulnerable groups and also to trigger preventive actions and build a
strong social care system.
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8.1 Introduction

Heats waves is known as the major cause of weather-related fatalities in the United
States, England, Europe and Asian Nations as well over recent years. Detailed
analysis of severe events and their impacts are conspicuous. However, relatively
not much is known about the climatic behaviour of heat waves. Changes in lifestyle,
ignorance of risk perception and inadequate attention towards preparedness of local
governments, people and institutions, including abeyance from traditional cultural
practices in the backdrop of Climate Change impacts, have multiplied and complex-
ified the risk of heat impacts on people and other living beings.

While heat waves do occur naturally as part of the earth’s climatic systems,
anthropogenic greenhouse gas (GHG) emissions have contributed to them occurring
more frequently and severely. These greenhouse gases settle in the stratosphere and
trap the heat within the atmosphere, which occurs over a period of time. Hence, the
increased frequency and intensity of heat waves is considered a long-term effect of
anthropogenic GHG emissions. As a result, the increased GHG levels in the strato-
sphere are causing global warming and changing climatic patterns, which include the
shifting of seasons, an increase in temperature globally, sea level rise, and changing
agricultural patterns. Further, rapid depletion of forest natural resources at a rampant
pace has added to the unprecedented changes in the global climate resulting in
serious implications on the very question of human survival. In turn, these climatic
changes that cause natural disasters contribute to other side effects such as popula-
tion migration and major public health hazards.

8.2 Present Scenario

Globally, 2015 was the hottest year on record, making it the fourth time this century
that a new high temperature record was set (National Oceanic and Atmospheric
Administration, United States of America, 2016: www.noaa.gov). The proportion of
the earth’s surface area experiencing extremely hot summers increased from 1% over
the 1951-80 period to 10% over the 1981-2010 period. Record-breaking heat events
were witnessed across the globe in Australia, Argentina, China, Central Asia, and
large parts of Europe, Mexico, Japan, South Korea and the USA.

Additionally, India is feeling the impact of climate change in terms of increased
instances of heat waves that are more intense in nature with each passing year. These
intensified heat waves have a devastating impact on human health, thereby increas-
ing the number of heat wave casualties. In 2015, the heat wave in India is known for
more than 2300 deaths, making it the fifth worst globally in terms of number
fatalities as per government records. Most of the deaths were reported in the States
of Andhra Pradesh, Telangana, Punjab, Odisha and Bihar. In 2016, the month of
April recorded highest average global temperature causing a rise in temperature
creating conditions favourable for the development of severe heat wave during this
month alone contributing too many heat related deaths.
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Heat waves occur mostly over areas with dry and warmer air and have the
maximum insulation during the summer season. Therefore, they tend to develop
over northwest parts of India and then spread gradually eastwards and southwards.
Bay Islands, Lakshadweep, Tamil Nadu, Kerala, Coastal and South Karnataka
generally do not get affected by heat waves due to the occurrence of maritime air
over these regions, but, at times, heat waves may also develop over any region in situ
under the favourable conditions.

8.3 Significance and Concept

Heat wave as a hazard is a physical phenomenon of high heat conditions characterized
as a complex of hydro-climatic risks coupled with social, occupational and public
health threats. A heat wave is a period of abnormally high temperatures, more than the
normal maximum summer temperature or prolonged period of excessive heat that
typically occurs between March and June, and in some rare cases even extends until
July. The extreme temperatures and resultant atmospheric conditions adversely affect
people living in these regions as they cause physiological stress, sometimes leading to
death. However, as such there is no universal definition for heat wave.

While definitions for what constitutes a “heat wave” vary across and even within
countries, these are generally measured relative to the usual weather in the area and
relative to normal temperatures for the particular season. The World Meteorological
Organization (WMO) defines heat wave as ‘when the daily maximum tempera-
ture of more than five consecutive days exceeds the average maximum temper-
ature by 50 °C’.

The Indian Meteorological Department (IMD) (www.imd.gov.in) has the follow-
ing criteria for defining Heat Waves:

* Heat wave need not be considered till maximum temperature of a station reaches
at least 40 °C for plains and at-least 30 °C for hilly regions

*  When normal maximum temperature of a station is less than or equal to 40 °C
Heat Wave Departure from normal is 5 °C to 6 °C and Severe Heat Wave
Departure from normal is 7 °C or more

*  When normal maximum temperature of a station is more than 400C Heat Wave
Departure from normal is 4 °C to 5 °C and Severe Heat Wave Departure from
normal is 6 °C or more

*  When actual maximum temperature remains 45 °C or more irrespective of normal
maximum temperature, heat waves should be declared.

Such extreme heat events are becoming increasingly more common. Generally, a
linear relationship can be drawn between temperature and health impacts that are
observed with each degree of increase in temperature. In a moderate heat wave
condition, it is mainly the high-risk vulnerable groups who are affected. However,
during an extreme heat wave scenario, even the fit and healthy people can be affected.

Over the years, excess summer deaths show regional variations, which relate
largely to differences in temperature levels across regions. An inability to adapt to
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heat waves, especially during the first few days, lead to excessive deaths and
illnesses. Therefore, there is a need to be an emphasis on adequate preparedness
for the first hot period of any season and the very beginning of a heat wave, as well as
for prolonged and sustained periods of unusually hot weather.

The Inter-governmental Panel on Climate Change (IPCC) has played a key role in
connecting Climate Change induced impacts and the causes of natural disasters.
IPCC’s fourth Assessment Report (2007) proved to be instrumental in bringing
recognition globally for converging Climate Change Adaptation and resilience
building into Disaster Risk Management (IPCC 2007). With evident climatic vari-
ations often threatening human survival, advocates for promoting disaster risk
reduction actions have called for the inclusion of climate resilience and sustainable
development components. Disaster risk management, Climate Change Adaptation,
and sustainable development have interlinked goals, as embedded in the three major
agreements India is signatory to—Sendai Framework for Disaster Risk Reduction
(SFDRR), Paris Climate Agreement and Sustainable Development Goals (SDGs).

In particular, the development arena encompassing developing nations and espe-
cially the under-served low-income groups are threatened by their exposure to
increased frequency and intensity of hydro-meteorological hazards such as floods,
prolonged dry spells, heat waves, intense wind speeds and storm surges. The alteration
of ecosystem services and accelerating natural resource degradation imposes negative
impacts on people’s livelihoods and hence, enhancing their vulnerabilities.

This vulnerability is compounded by socio-economic conditions, which exacer-
bate the impact of disasters. A serious notice, review and insight into the implica-
tions of climate change started with many South Asian Nations being engulfed by
devastating urban floods in cities like Mumbai, Dhaka, Islamabad, Bangkok, Surat,
Uttarakhand, Kashmir, and Chennai. Increasing frequency and intensity of cyclonic
disasters off late such as Phailin and Hudhud affecting Indian coastal and sub-coastal
states, other nations and islands in the region, intense heat wave in Indian states of
Maharashtra, Telangana, Odisha and Andhra Pradesh, wide spread coverage of
drought regions year by year are on an exponential rise. Countries of Asia Pacific
region are not uniform in terms of their development status and few are yet under
development and subsequently, suffer intense loss of natural and socio-economic
resources. Never was this challenge for enhancing resilience with explicit focus on
people, their health and livelihoods been more compelling with the substantial
increase in natural hazards and their vagaries.

8.4 Impacts

Extreme events like heat waves have the greatest impacts on sectors that are closely
linked with or dependent on the climate, for example water, agriculture and food
security, forestry, health and tourism. This challenge is particularly more critical for
developing countries like India, where majority of economy thrives on agrarian
income generation options. Given India’s topography and environment, the increas-
ing risk of glacial lake melting, more severe heat waves, and devastating
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Table 8.1 Classification of Heat Index (HI) and health impacts

Heat

Index Category Health Effects

27-32° | Warm Caution- fatigue possible with prolonged exposure and/or physical

C activity. Continuing activity could result in heat cramps

32-41° |Hot Extreme caution- heat cramps and heat exhaustion possible with

C prolonged exposure and/or physical activity

41-54 ° | Very hot Danger- heat cramps or heat exhaustion likely and heatstroke possible

C with prolonged exposure and/or physical activity

> 54 °C | Extremely |Extreme danger- heatstroke highly likely with continued exposure
hot

precipitation spells, desertification and drought, windstorms and disease epidemics
have become of paramount importance. For India, the 2010 heat wave spate can be
considered a wakeup call that all stakeholder actions, preparedness, adaptation
including community outreach become indispensable imperative to save lives espe-
cially towards harsh heat wave spells. Again, the year 2014 surpassed 2010 as the
warmest year for average global temperature since thel880s. Studies based on
increase in mean temperatures suggest that the rise in minimum temperatures will
have detrimental impact by 2030s. As global temperatures rise, the warmer atmo-
sphere will have more capacity to hold water, which can produce more intense
rainfall events as well as longer dry periods or decreased rainfall spells between these
events.

These severe heat waves have a significant impact on human livelihoods. The
majority of the work place occupations in developing nations is tremendously
influenced by the outdoor temperatures and will prove to have aggravated heat stress
impacts in addition to physical and social vulnerabilities. This adverse climate
change impacts will affect a large work force population, with many occupations
requiring direct sunlight exposure. Even a moderate increase in ambient temperature
can engulf large labor population into the realm of heat stress related health risks.

Four main medical disorders resulting from excessive exposure to heat waves are
heat syncope, heat cramps, heat exhaustion and heat stroke, as can be seen in detail at
Table 8.1. The signs and symptoms are as follows:

Heat rash: Also known as sunburn phenomenon with pinkish skin resulting in
burning of skin and pain sensation.

Heat syncope: Giddiness, vertigo headache and sudden onset drowsiness/
unconsciousness.

Heat Cramps: Edema (swelling) and Syncope (Fainting) generally accompanied by
fever below 39 °C i.e.102 °F.

Heat Exhaustion: Fatigue, weakness, dizziness, headache, nausea, vomiting, mus-
cle cramps and sweating.

Heat Stoke: Body temperatures of 40 °C or more along with delirium, seizures or
coma. This is a potentially fatal condition.
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The increase in heat waves has also caused a sharp rise in the number of cases of
acute gastroenteritis and food poisoning due to spoilage of food and reduction of its
shelf life. Other medical issues caused by heat waves include the cases of anxiety,
palpitations, nervousness and behavioural changes linked to extreme temperature
rise. More vulnerable groups such as toddlers, pregnant women, and elderly, those
with critical medical care need, having occupational profile of as agricultural
labourers, coastal community dwellers, and people living Below Poverty Level
(BPL) category with mostly outdoor occupations feel the negative impacts most
significantly.

Common heat health impacts commonly treated during heat waves include
dehydration, cramps, exhaustion and heatstroke. The European heat wave of 2003
led to more than 70,000 excess deaths in France, Germany, Italy, Spain and other
countries and the Russian heat wave in 2010 resulted in over 55,000 excess deaths
(EM-DAT, 2015: International Disaster database at www.emdat.be). Significant
deaths have also been reported in countries such as Australia, Japan, Mexico and
the USA in recent years. Increasing heat-related fatalities have also been recorded in
India over the last two decades. Since 1992, nearly 23,000 people have died due to
heat waves.

Periods of severe heat waves are also linked to sparser pre-monsoon season rains
in many areas, thus with reduced moisture content. As a result, the drier conditions
leave large portions of areas more arid than usual, which contribute significantly to
heat wave periods. This weather pattern, coupled with the El Nifio effect, which
often increases temperature in the Asian region, combined to create the record-high
temperatures. Further, as per the National Oceanic and Atmospheric Administration
record (US-NOAA: www.noaa.gov), the year 2016 was recorded as the hottest year
globally—higher than 2015, the previous record-holder. The other nine warmest
years on record are 2009, 2010, 2003, 2002, 2014, 1998, 2006 and 2007.

Besides health, extreme dry spells have been found to profoundly affect crop
production both in terms of quantity and quality. Primarily, crop loss is encountered
due to flower drop and higher mortality in new plantations. In particular, Kharif
crops are more impacted than Rabi crops owing to variability in rainfall associated
with heat wave periods as any extreme change in temperature will affect crop
productivity. Serious challenges arise when extreme heat events linger for prolonged
periods, especially, for states where majority work in unorganized and informal
sectors whose livelihoods depend on daily earnings. So, when heat waves are
prolonged, these daily wage earners face difficult choices. They are either forced
to stay indoors and compromise their source of income or run the risk of succumbing
to heat wave related illness upon continuing to work. Therefore, this situation
necessitates the need to revisit and strengthen the existing heat wave preparedness
and response plans to make it more effective.

Heat health impacts in India are serious. Estimates suggest that there have been
over 22,000 heat-related fatalities in India since 1992. In 2015, the country
witnessed the fifth deadliest heat wave in history (EM-DAT, 2015: International
Disaster database at www.emdat.be). In addition to the vulnerable populations
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Fig. 8.1 Causative interactions of socio-economic, climate change, and disasters (Gupta 2015)

identified above, the poor may be differentially impacted on the account of gaps in
health services, housing and basic amenities.

Loss of nearly 5000 lives in the recent past has been attributed to heat waves since
the last 4 years. Approximately 1600 people lost their lives due to irregular weather
conditions, out of which 557 casualties were the result of heat wave. Extreme heat
can lead to dangerous, even deadly, health consequences, including heat stress and
heat stroke. Until recently, communities and government were oblivion to this fact
and had turned ‘moon-eyed’ about this emerging threat— it is another grim reminder
about the vagaries of nature and our callous outlook towards this vicious web of
disasters, climate change, socio-economic and environmental systems as can be seen
in Fig. 8.1.

8.5 Strategies and Management

8.5.1 Management of Heat Waves

While heat waves have occurred in the past, in recent years significant initiatives of
planned approach to counter heat waves and mitigate the associated risks have also
been taken at various levels—-cities, districts, states and national levels as a core
concern. Governments and communities need to effectively prepare for developing
Heat (risk) Action Plans for countering heat wave through coordinated adaptive and
preparedness plans on pilot basis. Then, governments should replicate the best
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workable examples with adequate monitoring mechanisms in place as well. Rising
number of heat wave related deaths is expected to serve as danger signal and
corroborate the need to develop innovative methods to control summer-time losses.

Countries from different corners of the world have been battling with the issue of
adapting to the rapid changes in weather conditions. International and National
experiences provide many practical examples to learn and adopt appropriate frame-
work for developing Heat Action Plan. Such plans advocate strongly for the need to
have adequate institutional set up coordinating stakeholder collaborations and the
stringent implementation of actions required amongst them along with real-time
monitoring and effective Early Warning Systems (EWS) and mechanisms in place.
Besides the technical systems, public outreach programmers on preventive and
adaptive measures also require due attention.

8.5.2 International Experience with Heat Wave Management

Climate Change will cause more frequent and severe heat waves and in turn, serious
impacts on human health, livelihoods, and the environment—so, countries around
the world are taking action to implement heat wave management planning. For
example, Canada and about twenty European Nations have initiated Heat Wave
Management Planning at the federal, provincial and/or local levels. Canada has
invested in heat health science; heat monitoring and health surveillance; vulnerabil-
ity assessments; best practices for developing Heat Alert and Response Systems
(HARS); and, communicating with the public to enable behaviour change. Under the
HARS, sub-national governments are encouraged to develop programs emphasizing
community mobilization and engagement (via a coordinating agency); alert pro-
tocols; community response planning through broad stakeholder engagement; com-
munication planning; and periodic system evaluation.

On the other hand, Australia does not have a National Heat Wave Management
Plan, as of now. In Australia, provincial and local governments are being encouraged
and pushed to develop a national heat wave management plan through federal
guidance. Key focal point for it will be: role-clarity among stakeholders; heat health
alert systems; public communication; and, improved heat health intelligence.

European nations have broadly followed WHO’s Guidance on Homeless House
Assistance Programs (HHAPs). The Heat Wave Plan for England, for example,
prioritizes: long-term multi-agency strategic planning to combat climate change;
alert systems; institutional preparedness; public communication; partnership with
service providers; community engagement; and, monitoring and evaluation.

In August 2014, New York City officials from the Mayor’s office, the Depart-
ment of Health and Mental Hygiene, the Office of Emergency Management, along
with 30 additional partners conducted a heat wave table top simulation exercise. The
simulation discussed preparedness efforts, communication availability to the public
and health providers, surveillance of heat-health planning, and development of
temperature thresholds and identified gaps in the emergency response plan. Another
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example of a State Government taking action to prevent heat-wave related fatalities
is California’s Climate Action Team Working group, which includes two
sub-sections addressing heat waves and public health. The work group’s recommen-
dations included identification of a lead agency which would discuss and implement
various strategies for tackling heat wave health impacts. They also recommended
multi-disciplinary efforts and partnerships between various constituents of the health
sector including social service agencies, business, labor, utilities and representatives
of vulnerable populations. Importantly, the work group acknowledged the need for
further research on heat wave impacts on health, economic, ecological, and social
determinants and on evaluation of warning systems.

8.6 Case Study: India’s Experience on Heat Wave
Management

In India, the first systematic attempt at heat wave management planning has hap-
pened with Ahmedabad Heat Action Plan (AHAP), launched in 2013 and subse-
quently being updated each year thereafter. This plan was developed by Ahmedabad
Municipal Corporation (AMC) in partnership with domestic and international
experts focusing on four key strategies;

* Building public awareness on risk of heat waves through mass outreach program
in local language (Gujrati)

» Execution of response system to prevent heat-related death and illness at the onset

» Starting an early warning system to alert citizens on predicted extreme
temperature and

» Capacity building of city officials and healthcare professionals

Additionally, the heat wave management planning also led to identification of
adaptive measures such as mapping high-risk areas and cooling spaces during
extreme heat days and coordinating utility services such as water and electricity to
support life. The Ahmedabad HAP worked well and was eventually replicated by the
States of Maharashtra, Andhra Pradesh, Telangana and Odisha which are affected
the most. Other notable initiatives include the launch of several studies related to
impacts of heat stress on health, especially with respect to direction by the Depart-
ment of Science and Technology in 2011. Similarly, the India Meteorological
Department (IMD) has remarkably supported more than 100 heat affected cities
and town by providing frequent forecast on heat conditions as they do for rainfall and
intense winds not only comprising of early warnings on heat waves but issuing
specific advisories for authorities for rigid implementations.

Further, customized heat alert plans for various heat-affected States, along with
public awareness through government mechanisms, are a few steps that are required
in addendum throughout the nation. With this backdrop, India has an indispensable
need for a National Heat Action Plan, which should not only reach affected cities and
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states also. A National Heat Action Plan should also drive a national agenda to
embed adaptation planning for rising temperature in our design for land-use space,
utilities, infrastructure and industries planning as seen in Fig. 8.2.

8.7 Heat Action Planning Framework

Heat wave management issues are being addressed at the national, state and sub-state
levels; yet, there is a need for comprehensive and streamlined planning to prepare for
future heat events in any country. Then, this action will facilitate preparedness and
responses to extreme heat events. To ensure frameworks are effective, a HAP calls
for individuals, families and all related stakeholders in a state to tackle possible heat
impacts. Such HAP frameworks can promote the desired management planning for
all vulnerable locations and facilitate prevention and preparedness to avoid detri-
mental health impacts. Such plans commonly emphasize the need for:

+ Institutional role clarity, coordination and collaboration;

* Special focus and emphasis in planning for the vulnerable groups;

» Stakeholder communication on preventive, preparatory and adaptive behaviours;

» Real-time monitoring and Early Warning Systems (EWSs);

* Short and medium-term strategies to lower indoor heat exposure; and

* Long-term preventative measures related to urban land-use planning, energy and
transportation.

Based on the Heat Wave Action Plan prepared individually by the states of Gujarat
(Ahmadabad), Andhra Pradesh (Telangana) and Odisha, the following can be used
as a template for a Heat Wave Plan in terms of planning and execution.

Crucial nodal departments such as IMD, Information & Public Relations, Med-
ical, Labour, Animal Husbandry, Transport, Education, IT, NGO’S can be integrated
as key stakeholders in implementing HAPs. Institutional set up for heat action plan
and its efficient management can be seen in Fig. 8.3.

Based on the observation of various States, an ideal HAP can be executed in the
following phases:

Phase I-Documenting existing initiatives and practices undertaken against protec-
tion from heat waves

Phase II-Assessment of the magnitude of the heat wave related morbidity and
mortality

Phase III-Determination of threshold values (thermo-hygrometric index) which
causes heat wave related adverse health outcomes and facilitate IMD in develop-
ing an Early Warning System (EWS) based on the threshold values.

Phase I'V-Mapping community vulnerability to assess and identify the most vulner-
able sections towards impact of heat waves and recommend contextualized
resilience building models.
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Research
Institutes

Preparednes

Fig. 8.3 Institutional framework for heat wave management

Phase V-Improvise the plan on regular basis by incorporating improved early
warning systems, alternate livelihood opportunities for those affected and
involvement of various stakeholders/sectors to support in the implementation of
Heat action plan.

Phase VI-Monitor, Review, Update and Evaluate the Heat Action Plan time-to-time
and its implementation (Table 8.2)

8.8 Way Forward

It is more evident from Climate Change Risk Assessment studies that the future
summer months will have higher temperature, which corroborates the fact that heat-
induced health impacts will significantly rise by 2020s. This information also
indicates that, very likely heat wave spells will increase in frequency, duration and
intensity. Although, substantive progress in Climate Change awareness in various
sectors and the associated weather variations, the increase of heat waves necessitates
adaptation to Climate Change across all communities for their betterment. Thus, the
challenge remains for long-term planning and preparedness along with convergence
of multi-agency partners. Such preparations can be broadly divided into short- and
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Table 8.2 Implementation of HAP by various departments
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Long term
Department/ Immediate (before and Short term (Six (throughout the
Organization during Summer) months of summer) year)
SDMAs’ and
DDMAs’
IMD and local

weather stations

State& District
EOC

Road and transport

‘Water resources

Environment and
Forest

Health and family
welfare

Women and child
development

Animal husbandry

Fisheries

Tourism

Fire

Housing (rural/
urban)

Private partners

Tribal affairs

Panchayat raj

Education

Public information

Labor

Energy

Steel and industries

medium-term strategies to mitigate heat impacts and long-term adaptive strategies
eventually to build resilience and reduce vulnerability.

8.8.1 Short Term (0-5 Years)

Embedding preventive measures of extreme weather planning into the social care
structures is imperative to prevent short-term heat wave fatalities and related health
concerns, especially since the Sendai Framework emphasizes the same. Multi-
agency local resilience building forums can have a critical role in the preparations
and response to heat wave management and ensure maximum adaptation to reduce
harm from heat waves.
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Joint Strategic Needs Assessments (JSNAs) committees can be formed to identify
the challenges posed by extreme weather related deaths locally, and Joint Health and
Well-being Strategies (JHWSs) can be used to design customized state-specific
actions to reduce them. Both these processes can be prioritized across the local
social health care system. Departments of Public Health should proactively be
prepared to take an active role in setting a local agenda. These departments must
work in partnership with local authorities and primary health centres to identify
vulnerable populations and geographical areas to target long-term planning and
interventions during a heat wave spell. High temperatures during a heat wave may
require affected wards to move patients to cooler areas; extra beds must be made
available in hospitals if, need arises.

8.8.2 Medium Term (10-30 Years)

Heat wave management programs should focus on building design of hospitals and
other healthcare establishments to aid passive cooling where possible, and target
vulnerable areas (patients, medications, IT) with air-conditioning. Review external
hospital surroundings for ways to aid cooling—for example, consider constructing
underground car parks and maximize green space and trees surrounding hospital
premises. Such works can be monitored in partnerships with local authorities to
identify and focus on vulnerable urban areas and populations—for example, urban
areas which may be affected more by high temperatures etc. Monitoring the impli-
cations of, new diseases arising due to rise in temperatures during summer months.
Cool roofing system for houses, schools, community halls, etc. should also be
focused.

8.8.3 Long Term (30+ Years)

While planning for new hospitals and health care facilities may ensure maximum
green space and water conservation, surrounding such new construction with passive
cooling mechanisms, such as more trees. Also, any new constructions should
absolutely avoid building on flood plains because of the dangers of changing rainfall
patterns and the unpredictability of flash floods. More resources must be focused on
the research and development of temperature-resistant drugs and laboratory mate-
rials to ensure their longevity. In addition, a summary of implications of more severe
and frequent heat waves and their impacts on other sectors can be documented in
the HAPs.
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8.9 Implementable Actions for Future

8.9.1 Urban Heat Island (UHI)

Urban areas and mega cities tend to be hotter than their rural counterparts, creating
UHI effects. The reasons for such an effect include: increased absorption and
reflection of the sun on concrete and hard surfaces as against green or brown spaces;
reduced airflow and cooling from breezes in built-up areas due to thick construc-
tions; and increased heat produce from energy consumption in residences, industry,
businesses and vehicles. Such effects call for taking up local actions towards
mitigation measures to tackle hot weathers which may include incorporation of
modifications in surface properties and integration of green infrastructure, for exam-
ple ‘cool roofs’, ‘green roofs’ and ‘cool pavements’ etc.

8.9.2 Creating Cool Environments with Green Spaces

Tree cover can make urban micro-climates cooler by creating canopy shades and
allows for cooler air to circulate at ground levels. Large-scale vegetation plantations,
especially trees with white or pale leaves, have the potential to reflect heat upwards.
Thereby, planting more trees will increase the cooling effects and possible for
creation of green spaces to enhance evaporation. Additionally, more green spaces
and plantations facilitate drainage thereby reducing the risk of flooding. Studies
suggest that air-conditioning demand can be reduced by up to 30% with having thick
tree covers. Water features such as lakes, ponds and fountains also help to cool the
surroundings. Urban Local Bodies and other land-use practitioners can also be
sensitized about the benefits of green infrastructure.

8.9.3 Insulation

Promoting programs that focus on improving insulation in buildings and homes is
particularly effective for preventing overheating, particularly when combined with
measures to keep surroundings cool. For instance, setting shading or using reflective
external wall surfaces can cool the surrounding areas as well as the dwelling.
Interestingly, few such measures are low cost—for instance, usage of light shaded
curtains with white reflective linings are not expensive and are very effective for
cooling the inside of a building. External wall insulations have proved to be better
than internal wall insulation as it prevents heat from getting in and trapped, so, the
way insulations are installed, and the way occupants use heavily insulated homes,
can help protect against overheating. This type of program may be particularly
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important for instance with elderly occupants and other vulnerable groups at home
during the daytime.

8.10 Conclusion

To be able to address the key concerns of vulnerability reduction of heat wave-
related detrimental impacts, emphasis must be laid on increasing the social and
financial status of communities, especially those located in regions of heightened
risks from such hazards. Globally, greater attention and more pre-emptive interven-
tion are necessary for planning on the part of Governments and private stakeholders.
The suggested adaptation options may be considered in building a heat resilient
nation. Lessons must be learnt from past experiences and the post-heat wave periods
and viewed as an opportunity to document and implement good practices. These
lessons provide crucial information for improving Heat Wave Plans and integrating
flexible mitigation measures. Implementing lessons learned instead of rushing to
rebuild that would increase the vulnerability of local communities to such future
events, would be the prudent course of action to ensure that India’s government
make the best choices for their people in the face of Climate Change.
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Chapter 9 )
Impact of Climate Change on Forest Fires in <
India and Climate Adaptive Management
Strategies

Sweta Baidya Das and Vijay Kumar Dhawan

Abstract Forest fire is a growing problem worldwide; especially the tropical forests
are in constant danger of wildfire typically during the respective summer season. The
extent of fire and the amount of loss are increasing day by day. India is also not an
exception of this situation. Though the reasons of Indian forest fires are mostly
attributed to the anthropogenic causes, globally researches have shown that along
with anthropogenic activities accelerated climate change has almost equal contribu-
tion to these wildfires. Not only in India, worldwide now it is accepted that with
increase in climate change scenario, more devastating wildfires are going to take
place in near future. Therefore, now it is high time to rethink about the forest fire
management strategies and climate adaptive forest fire management strategies are the
new solution for the future resilience building towards wildfires.

Keywords Climate change - Forest fire - Climate adaptation - Strategy planning -
Management - Resilience building

9.1 Introduction

9.1.1 Forest Cover, Types of Forest Fire and its Impacts

The extent of forest within any specific region or country is considered as the forest
cover. Normally vegetation that extents more than a hectare and has greater than
10% canopy density including orchards, bamboo, palms, trees, grasses etc. within
community, private, government or institutional lands are considered as forest cover.
Forest Survey of India has classified Indian forest cover into five categories, such as
(a) Very Dense Forest, (b) Moderately Dense Forest, (c) Open Forest, (d) Scrub and
(e) Non-forest. The estimation of forest cover throughout the country is done on the
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basis of data acquired by Indian Space Research Organization (ISRO) through
indigenous LISS III sensor of IRS Resoursesat series of satellites. Later, these data
is corrected through series of processing and validated through ground truth obser-
vations. The successive assessment of forest cover on 2017 and 2019 has revealed an
overall gain of 3976 sq. km of forest. States and Union Territories like Karnataka
(1.025 sq. km), Andhra Pradesh (990 sq. km), Kerala (823 sq. km) and Jammu &
Kashmir (371 sq. km) has gained forest cover due to better conservation, protection,
afforestation activities etc. On the other hand some of the North Eastern Hill states
have shown loss in forest cover, such as Manipur (499 sq. km), Arunachal Pradesh
(276 sq. km) and Mizoram (180 sq. km) mostly due to practice of shifting cultiva-
tion, natural calamities like storm, flood etc., felling of trees, forest fire and anthro-
pogenic developmental pressure (State of Forest Report 2019).

Generally three types of forest fire has been identified (a) Ground fire or peat fire,
(b) Surface fire on forest surface due to dry fuels and (c) Crown fire on trunks and
crown of tree (Foldi and Kuti 2016). But Indian forest fires are categorized into two
broad types, (a) surface fire and (b) crown fire. Ground fire or peat fire occurs at
alpine forests especially in Taiga and Tundra forests. The surface fire spreads along
the ground but the crown fire burns the trees from bottom to top and therefore, crown
fire is the most dangerous and causes maximum destruction (https://himachal.nic.in/

).

9.1.2 Global Scenario

Global forest fire analysis (Giglio et al. 2013) has shown that over all global burnt
area has decreased 2% per year within 2003—2012. Regional data provides different
scenarios between 1996-2012 over the continents, like, Australia and New Zealand
has shown 5% per year reduction in burnt area, although the year 2012 showed the
largest area burnt. But on the other hand in Southeast Asia, Middle East and Boreal
North America, the burnt area has increased by 3—4% and for temperate North
America the increase is 0.1% per year (Giglio et al. 2013). But over all study of
USA shows that, within 1991-2015, the burned area by forest fire has increased by
5% per year, though the number of fire has decreased (NIFC 2016) (Figs. 9.1, 9.2,
and 9.3; Tables 9.1 and 9.2).

9.1.3 Asian Scenario
9.1.3.1 Indonesian Forest Fire
In 2015 summer (between June to October) the severe forest fire event engulfed

around 2.6 million hectares of forest of Indonesia, which cost Indonesia USD 16.1
billion, which is close to 1.9% of the country’s GDP. The amount of loss was two
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Fig. 9.1 Number of forest fires (a) and corresponding area burnt (b) in the European Mediterranean
region over the period of 31 years (2010-1980). Source: San-Miguel-Ayanz et al. 2013
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Fig. 9.2 Area burned, number of fires and suppression costs (inflation adjusted to 2016 equivalent)
for the USA with linear trend lines (1991-2015). Data: National Interagency Fire Center, NIFC
2016

times more than the reconstruction cost after Aceh tsunami and 1.5 times more than
the profit made by country’s palm oil production in 2014 (Dogra et al. 2018). The
extent of fire is comparable to the size of the state of Tamil Nadu. Usually in
Indonesia fire is used as cost effective tool for field preparation for palm oil
cultivation but without proper control burning measures, which caused havoc in
2015. A research by Centre for International Forestry Research (CIFOR) has shown
that 85% profit of this type of land preparation goes to local elites and plantation
developer (Fig. 9.4).
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Fig. 9.3 Global area burned between 1996 and 2012 and global population densities are marked
here. High proportion of burned area coincides with high density of population. Source: Doerr and
Santin 2016

Table 9.1 Global comparison of human and economic losses caused by wildfire, earthquake and
floods within 1901 to 2014. (Source: Guha-Sapir et al. 2015)

Wildfires Earthquakes Floods
No. of Events 387 1291 4481
People killed 3753 2574627 6947908
People injured 6812 2614875 1329923
People affected (million) 6 190 3604
Risk of Death (%)* 0.06 1.4 0.02
Total direct damage (million US$) 54828 774771 681427
Cost per event (million US$) 142 600 152
Cost per person affected (US$) 9138 4078 189

“No. of fatalities per no. of people affected (%)

9.1.4 Impact of Climate Change on Forest Fire
and Vice Versa

The entire world is facing the effect of climate change, therefore, forests around the
world will not be an exception and going to face the heat due to rapid climate change
(Mukhopadhyay 2009). It is well accepted that forest fire activity increases during
the dry season (Liu et al. 2010; Abatzoglou and Kolden 2013; Riley et al. 2013;
Aragao et al. 2018). Climate change has significant influence on the frequency,
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Table 9.2 Continent wise economic and human loss caused by forest fire between 1984 and 2013.
(Source: Guha-Sapir et al. 2015)

No. of People Total people Death rate/ Economic costs
events killed affected event (million US$)
Africa 25 272 21672 11 440
America 118 234 1229 175 9 25229
Asia 50 748 3 188 257 30 11892
Europe 89 462 1295 562 18 12619
Oceania 21 224 74 320 9 2121
Total 303 1940 5 808 986 78 52301
Category of damage/loss
Agriculture 4,839
Estate crops 3,112
Food crops 1,727
Environment 4,253
Biodiversity loss 287
Carbon emissions 3,966
Forestry 3,931
Manufacturing and mining 610
Trade 1,333
Transportation 372
Tourism 399
Health 151
Education 39
Firefighting costs 197
Total 16,124

Fig. 9.4 Damages caused by the forest fire of Indonesia in 2015. (Source: Excerpted and adapted
from World Bank (2016). Dogra et al. 2018)

intensity, number and duration of the forest fire (Flannigan et al. 2008). Statistical
analysis of long term forest fire events and climatic data sets from Himachal Pradesh
and Uttarakhand has shown that weather severity like drought situations are one of
the major contributors of the forest fires (Ahmad and Goparaju 2018). Climate
Change has a bearing on forest fire. Forest fire is a hydro-meteorological related
disaster. Climate change and forest fire impacts each other. Climate change leads to
lesser precipitation and high temperature which ultimately triggers forest fire. On the
other hand, if forest fire takes place, the black carbon generated by the fire covers the
ice covers and helps in fast melting and ultimately gives rise to warming and lesser
deposition of ice caps which will reduce the water flow of glacier fed rivers which
will increase local dryness. The smoke and flying ash generated by forest fire also



172 S. B. Das and V. K. Dhawan

reduces the insolation for few days and photosynthesis activity by trees is also
disrupted. Forest fire triggers positive feedback for even drier conditions. The
layer of ash created by the fire burning is water repellent which means for next
1 or 2 years that ash covered soil cannot absorb any rainwater as rainwater does not
infiltrate through this ash layer. Consequently it increases surface runoff which leads
to debris flow or mud flow during heavy rains (Wohlgemuth et al. 2012). The rain
water infiltration rate is also reduced due to canopy burning during burning of crown
which increased splash erosion and caused flash flood. Fire also damages the micro
organisms and macro and micro and macro fauna living over the soil. The micro and
macro fauna help in decomposition of soil and increase soil aeration that leads to
increase soil organic matter, soil nutrients and increase productivity of the soil. Thus
forest fire impacts on the natural succession of the forest species. Forest fire
retrograde the succession stages and continues forest fire may lead to change of
original forest type. Therefore, forest fire ultimately complexes the situation. Forest
fire can change the amount of insolation and the smoke and ash affects the health of
people and health of ecosystem. Sometimes, forest fire also causes the extinction of
endangered species of flora and fauna which is an irreversible loss. Climate change
also leads to change in composition of species as well as promotes spread of Alien
Invasive Species (AIS) like Lantana, Ageratum, Eupatorium, Parthenium,
Chenopodium etc. These invasive species spread at very faster rates after forest fire.
Tropical forests around the globe are most important as it gets maximum affected
and many of these serve large number of population for their livelihood. These are
the most vulnerable ecosystem towards the long term changes in temperature and
rainfall and resultant climate change (CIFOR 2007). If due to climate change these
forests face longer dry spells in combination with other pressures like industrial
forestry etc. could bring in the possibility of forest fire (Mukhopadhyay 2009).

9.1.5 Impact of Climate Change on Himalayan Forests

All countries across the globe by now are able to feel the heat of the climate change
especially the tropical countries like India (Bahuguna 2018). The analytical results
have brought out the fact that, climate change indeed has impacts on forests and
vegetation. The impacts are even severe in last 30 years (1991 to 2020). Meteoro-
logical data have shown an average 0.7 to 1°c temperature rises in Indian forests.
Moreover the total number rainy days and intensity of rainfall has also decreased
throughout Indian forest areas by 5 days and 241 mm respectively. On the other
hand, excess rainfall within a short period of time and prolonged monsoon break is
enhancing the drought situation throughout the country (Zhisheng et al. 2015). This
has given rise to the compositional change of the forests’ vegetation types; distri-
bution and species density, particularly the Alpine flora of the higher Himalaya are
among the most affected hot spots of Bio-diversity. As a whole the Himalayan
forests are turning xeric due to massive change in local hydrological set up due to
climate change and resulting vegetation type change (Bahuguna 2018).
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9.1.6 Impact of Climate Change on Western Ghats’ Forests

Studies from Western Ghats of Southern Peninsular India, have shown strong impact
of climate change and drought on wildfires. The modelling results of the studies
carried out over Western Ghats have proved droughts caused by water deficits
potentially increases the vulnerability of forests towards fire both at a landscape
and regional scale. In this region, climate variability strongly influences the forest
fire activity at 3 to 6 month timescale (Kodandapani and Parks 2019). Impact of
continuous forest fires changed succession pattern of Shola Forests of Nilgiri hills.
Some pockets Shola forests retrograded into grasslands.

9.2 Impacts of Forest Fire in India

Some studies have shown that forest fire in India has grown by 1.5 times in six years
time (Paliath, 2018) Forest fire plays few important roles in maintaining the forest
ecosystem like low intensity fire removes low-growing underbrush cleans the forest
floor of debris and opens it up to sunlight which allows spp. sprout after fire and
helps pines shed their seeds from cone etc. Forest fire also kills diseases and insects
that prey on trees and nourishes the soil, allows established trees to grow stronger
and healthier and clears heavy brush, leaving room for new grasses, herbs and shrubs
that provide food and habitat for many wildlife species.

But even then, forest fires are the most significant cause for damages of country’s
forest resources which leads to invaluable loss of forests and ecosystem services. Not
only the direct impacts, forest fire has many other indirect impacts on the ecosystem,
like landslide (especially in the hilly regions), soil erosion, loss of regeneration,
habitat degradation, loss of forest produces etc. (State of Forest Report 2017 &
2019). Most of the Indian forest fire is caused by intentional and unintentional
anthropogenic activities like shifting cultivation, forest floor clearance for NTFP
collection, promoting grass growth for grazing animals, careless activities like
throwing of burning match sticks or unattended cooking fire by temporary road
workers, criminal activities by poachers to forcefully bring out animals from their
safe habitats etc. The interspersed habitation of various population sizes and frag-
mentation of the forests intensifies the probability of fire incidences. Forest Survey
of India (2019) reported that 54.40% of Indian forest faces occasional fire inci-
dences, 7.49% moderately frequent fires and 2.40% high level of fire incidences. But
good thing is that 35.71% of Indian forest are still well maintained and experience
comparatively insignificant fire incidence. The forests of Deccan Plateau and North
East India are the worst affected from fire. The world wide climate change and
resultant drought situation aggravates the possibility of the fire incidences and
vulnerability of the forests (National Action Plan on Forest Fire). Within the
13 year period from 2004 to 2017 a total number of 2,77,758 fire points throughout
the country has shown repeated fire detection through MODIS data (Fig. 9.5).
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Fig. 9.5 Forest fire detections based on MODIS in last five years (Source: State of Forest Report
2019)

9.2.1 Damage Assessment

Every year due to forest fire India faces loses worth almost INR 550 crore (Hindu-
stan times, 2018). Forest fire devastated more than 4500 hectares of forest (which is
1.3 times the size of the entire Shimla city) in Northern Himachal Pradesh since
seventh April, 2016. In Uttarakhand also around 4000 hectares of forest were
engulfed by fire in 2016 itself. During the period of 1990 to 2001, the worst forest
fire happened in Uttarakhand in 1995 which burnt 3,75,000 ha of forest. This was
followed by Ganga-Yamuna watershed area where in 1999, 80,000 hectares of forest
was devastated. In the year of 2010, 19,109 hectares of forest in Himachal Pradesh
and in 2008 and 2010, 10,000 hectares of land in Maharashtra were burnt by
wildfires. As per the Government data submitted to Parliament on July 20, 2018,
forest fire of India has increased by 1.5 times over last 6 years to 35,888 fire
incidences (Indiaspend 2018). In 2017-18 and 2018-19, INR 35 crore and INR
38 crore were released by Government for forest fire prevention management
(Pandey 2019). In spite of that, 30,000 forest fires were reported in 2019. In
February 2018, an estimated 4800 hectares of forest were burnt at Bandipur Tiger
Reserve in Karnataka (Srivastava 2020). Between November 2018 and February,
2019, the number of forest fire increased from 4225 to 14,107 according to the real
time forest alert system of Forest Survey of India (FSI). Between first January, 2019
and 26th February, 2019, 209 among the 558 forest fires took place in Southern
Indian states—Andhra Pradesh, Karnataka, Kerala, Tamil Nadu & Telengana
(Pandey 2019). As on May 2020, 46 forest fires were reported from Uttarakhand,
where 71 hectares of land have already been destroyed by fire (India.com 2020)
(Table 9.3).
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9.2.2 Impact on Livelihood

Around 68% of Indian population lives in rural areas. A bulk share of these rural
populations is directly or indirectly dependent on forests for their livelihood like
bamboo, fodder, fuel wood, small timber and NTFPs. As per census 2011 among the
6,50,000 villages of the country, 1,70,000 villages are located in the proximity of
forest areas. These villages are known as Forest Fringe Villages (FVVs) (FSI 1999).
Forest is an integrated part of the socioeconomic and cultural practices of these
villages.

Forest fire not only stops the collection of livelihood from forest, but poses
various other risks directly or indirectly. For example, when fire has caught the
forest on the steep slopes, it leads to rockfall even if it is still burning. If the top soil is
burnt by the fire, the destabilized stones start rolling down slopes (Wohlgemuth et al.
2012), also later on mud-flow and debris flows are triggered due to slope failure
during the heavy rain. These poses life and property risk to the people staying in
FVVs of hilly region. On the other hand the smoke generated from fire and the
particulate ash poses respiratory health risks to the local residents.

The forest fire also increases the possibility of man animal conflict as fire
incidences may drive the animals towards the nearby locality to save their lives
from fire and hunt for food and water to drink. This eventually increases the
possibility of man animal conflict leading to the loss of animal and human life
(Tables 9.4 and 9.5).

Table 9.4 Poverty rates and fire density in rural forested districts, grouped by quartile

1 (Lowest 4 (Highest
poverty rate) 2 3 poverty Rate)
Poverty head count Ratio 4.5 14.1 272 48.2
mean, 2011
(% population below national
poveny line)
Poverty head count ratio, 0.0-8.8 8.9-20.4 |20.5-35.2 35.3-78.7

range, 2011

(% population below national
poverty line)

Average forest cover, 2000 60.2 559 511 535
(% total district area with >
10% tree canopy cover)
Average forest fire density, I 2 2.7 3.8
2003-2016

(annual fire detections per I
00 kmt treed area)

Note: The poverty head count ratio is of 2011 and average forest fire density is from 2003-2016.
Average forest cover and fire density are weighted by the forested area per district; sample is limited
to rural districts where population density is <1000 per km2 and having at least 10% forest cover in
2000 (554 of 638 districts with data); Forest area is defined as an area having minimum 10% tree
canopy cover. Source: Dogra et al. 2018.
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Table 9.5 State/UT wise annual forest resource collection by the people living in FVVs (Source:
Table reproduced from State of Forest Report 2019)

S. Fuelwood (‘000 | Fodder (‘000 | Sm11U Timber | Bamboo (‘000
No. | State/UTI tonnes) tonnes (cum) tonnes)
l. | Andhra Pradesh 2,789 25,043 81,808 14.74
2 Arunachal 44 528 1,314 0.4
Pradesh
3 Assam 1,411 11,712 32,972 14.44
4 Bihar 821 4,338 13,766 11.34
5 Chbhattisgarh 3,608 82,771 852,164 392.49
6 Goa 30 35 2,699 0.31
7 Gujarat 4,983 119,054 1,192,475 291.75
8 Haryana 500 6,840 16,471 0.04
9 Himachal 593 3,256 11,264 0.59
Pradesh
10 Jammu & 1,299 14,018 19,763 0.09
Kashmir
11 Jharkhand 7,372 55,482 183,240 50.54
12 Karnataka 6,323 21,501 41,098 0.4
13 Kerala 3,390 3,472 100,259 0.85
14 Madhya 7,663 222,720 1,473,754 630.66
Pradesh
15 Mabharashtra 9,539 157,136 862,138 128.67
16 Manipur 39 262 8,618 2.92
17 Meghalaya 93 220 5,821 0.9
18 Mizoram 18 23 849 0.42
19 Nagaland 278 488 12,225 1.09
20 Odisha 9,186 56,035 376,521 110.79
21 Punjab 456 4,269 18,758 0.09
22 Rajasthan 8,560 112,708 82,433 3.7
23 Sikkim 82 440 1,320 0.07
24 Tamilnadu 1,752 20,123 102,566 2.35
25 Telangana 1,969 15,958 1,541 6.86
26 Tripura 700 1,588 8,468 35
27 Uttar Pradesh 5,141 59,335 159,587 109.51
28 Uttarakhand 4,076 32,119 38,801 243
29 West Bengal 2,519 21,209 134,946 45.47
30 | A & N Islands 22 83 2,506 3.74
31 | Dadra & Nagar 33 274 8,057 3.1
Haveli
Total 85,290 1,053,039 5,848,204 1,834.25
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9.2.3 Fire Environment

This diagram nicely describes the factors influencing the forest fires. The long term
dry spell resulting from decreased rainfall and humidity and increased temperature
increases the probability of forest fire. Direction and speed of winds decides the
extents of the fire. Many researchers have used El Nino Southern Oscillation
(ENSO) to be the indicator of the severity of the fire season, as El Nino corresponds
to the comparatively drier monsoon (lesser rainfall). But in Indian Scenario the
correlation between the ENSO and fire events are not straightforward. Also in recent
decades the correlation between the ENSO and monsoon rain has weakened
(An et al. 2015) (Fig. 9.6).

Fuel is the second important factor which includes the dry leaves, dead trees and
biomass over soil and some invasive species which attracts fire. The total amount of
such materials along with the dryness will decide the intensity of the fire.

Topography is the third important factor for forest fire. Topography influences the
fire prevention and suppression and could raise the possibility of spreading espe-
cially in steep hilly terrain whereas spread is much lesser over gentle terrain. Wind
on rugged terrain can change the direction quickly to engulf more areas. Remote

Topography
Terrain, aspect,
exposure,
accessibility

People

Current and past land
management practices,
forest resource use,
fire use, policies
and
regulations, Fuel

Weather ctc.

Living and dead
Temperature, vegelation,
rainfall, humidity, organic soil
winds material

Fig. 9.6 Causes of forest fire. Source: Dogra et al. 2018
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location and rugged terrain works as the barrier for the fire crew to reach timely and
save the forest.

Worldwide researches have shown though there could be many other natural
reasons which could trigger the forest fires but, in maximum cases, forest fire is
caused by human either knowingly or unknowingly due to lack of knowledge,
carelessness or for personal benefit. Sometimes the faulty conservation or adaptation
methods could also lead to the fire incidences (Smith 2017) (Tables 9.6 and 9.7).

9.3 Current Plans, Policies and Practices for Forest Fire
Management

The objective of fire management is to minimize the occurrence of forest fire
incidences by early warning, awareness generation, enabling and empowering the
communities living in the fringes of the forests and provide incentives to make them
work in tandem with the forest departments to reduce the vulnerability of forest and
humans. The management also aims towards increasing the capability of community
as well as other personnel and fire fighters to speed up recovery after the fire events.
A National Action Plan on Forest Fire (NAPFF) has been prepared by Forest
Protection Division of Ministry of Environment, Forests and Climate Change,
Government of India. The NAPFF has provided guidelines to assist the administra-
tors, policy makers, frontline staff, forest user agencies, forest fringe communities,
tourists, and the entire civilian societies for a holistic management of forest fires
(NAPFF) (Table 9.8).

9.3.1 Fire Risk Management

Fire risk zonation mapping is done to identify the priority areas for management
intervention like zone mapping, monitoring, resource allocation and other fire risk
controlling measures. There are various risk factors, assessed to identify and quan-
tify the forest fire risks like, fuel load (the types of vegetation), proximity to
habitation, property and other assets including infrastructure, agricultural lands,
railways roads etc., topography (slope, aspect, elevation, terrain ruggedness etc.),
dependence of habitats for livelihood, historic fire occurrence pattern, area of special
ecological or cultural importance etc.
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Table 9.7 Region wise fire detection (Observed) & stage of drought (Measured by Keetch-Byram
drought index (KBDI) from 1st February to 31st May 2012-2016

Share of forest fire detections by region (% of districts and days

for which a forest fire was detected when KBDI was in the
KBDI Drought Stage Central |North |Northeast |South |West |w.Himalaya
0-99 0 (Saturated Soils) |0 0 1.55 0.02 0.14 6.52
100-199 1 0.01 0 2.06 0.02 0 13.38
200-299 210 0.19 3.44 0.35 0 5.13
300-399 3 10.02 1.08 3.74 2.01 0 5.73
400-499 41011 4.26 5.93 5.88 0 9.79
500-599 5 10.6 9.6 13.62 13.64 | 3.24 1591
600-699 6 |7.47 19.71 24.31 24.02 | 14.19 26.23
700-800 | 7 (severe drought) |91.79 65.16 45.34 54.05 | 8243 17.31

Note: regional averages are constructed by weighting districts by size of forest area

9.3.2 Prevention of Forest Fires
9.3.2.1 Awareness and Sensitization

In India most of the forest fires are human induced and caused by the livelihood
activity of the forest fringe community. Therefore, it is always a best practice to
create awareness among them for prevention and prepare them for the worst
situations. As a mass communication strategy publicity and sensitization
programmes are organized for local cattle herders, farmers, students, women,
NTFP collectors, Infrastructure professionals, urban dwellers including tourists
pilgrims etc. and other related stake holders through campaigns, radio, television,
social media, mobile, portals and by organizing various festivals.

9.3.2.2 Empowering Communities for Practicing their Responsibilities

Not only awareness programmes are enough for the prevention of forest fires
enforcement of existing laws are also important. Through this enforcement the
participation of local communities in prevention and management forest fire is
ensured. Similar responsibilities are given to the shifting cultivators, Van
Panchayats, JFMCs etc. by delegating authorities and funds. Provisions for provid-
ing incentives are also there to enhance the participation of local communities
(Table 9.9).

9.3.2.3 Capacity Building of the Communities

Training and capacity building programmes are organized frequently to enhance the
knowledge and capacity of the EDC, JFMC and Van Panchayat members.
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Table 9.8 Agencies involved in forest fire policy management in India

Central Government Entities

MoEFCC

* Overall policy guidance and standard setting for FFPM
* Administers centrally-sponsored schemes and provides funding
to states

FSI (under MoEFCC)

* Issues pre-warning alerts for high fire danger to state forest
departments nationwide

+ Nationwide monitoring and alerts for active fires, provided to
state forest departments and the public

* Nationwide estimation of burnt forest area

ICFRE (under MoEFCC)

* Apex research organization for forestry in India
 Research institutes under ICFRE include FRI, which has devel-
oped training modules for the SFDs and firefighting equipment kits

DFE (under MoEFCC)

Coordinates training for frontline staff across the country, includ-
ing forest rangers and state forest service officers

NRSC

Provides near-real time satellite data to FSI for fire monitoring

NDMA

Policies and planning for disaster management across the country
So fal has played minor role in FFPM

Deployed NDRF during 2016 forest fires in Uttarakhand Orga-
nized mock drill for forest fire response in April 2017

Military, Paramilitary, and
Home Guards

Local units may be called by the SFD to assist in response to large
forest fires from time to time

State Government Entities

State forest department
(SFD)

* Primary agency responsible for implementing FFPM

» Approves forest working plans for forest divisions within the
state, laying out required forest fire prevention activities

« Issues state-specific instructions, standard operating procedures,
and manuals for field staff

« Monitors and collects field-reported data on fire occurrence,
burnt area, damages, and forest offences in forest divisions across
the state

SDMA

* Policies and planning for disaster management at the state level
* Approves district-level disaster management plans
* So far, has played minor role in FFPM

District Government Entitie:

S

District Magistrate

* Coordinates among different departments like revenue, health,
fire brigade in the event of a large fire
* Approves the district-level fire management plan

Community/ village-level ins

titutions

Joint forest management
committee:1:1

* Primary institution for community-based forest management in
India and entry point for SFD engagement with communities on
FFPM

* Responsible for developing forest micro-plans for J FMC areas,
with technical support from the SFDs

* Carries out FFPM activities in coordination with the SFD and
may organize labor from the local

community for clearing fire lines, conducting controlled area
burning, seasonal firewatchers, etc.

(continued)
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Table 9.8 (continued)

Central Government Entities

Other Community * A diverse variety of other community-level institutions have
Institutions evolved in the different states for community-based forest man-
agement, such as the Van Panchayats of Uttarakhand and Village
Fire Protection Committees in parts of the Northeast

Note: DFE Directorate of Forest Education; FRI Forest Research Institute; FSI Forest Survey of
India; /CFRE Indian Council on Forestry Research and Education; MoEFCC Ministry of Environ-
ment, Forest and Climate Change; NDMA National Disaster Management Authority; NRSC
National Remote Sensing Centre, ISRO; SDMA State Disaster Management Authority

Firefighting equipment like leaf litter blower, protecting clothing and other tools are
distributed to them. There members are also engaged to participate in the mock drills
on forest fire before the fire season every year to share knowledge about the location
of available water sources nearby and other infrastructure availability (like effective
use of fire lanes etc.) to fight fire (Figs. 9.7 and 9.8).

9.3.2.4 Resilience Building

1. Water and Moisture Conservation

Dry deciduous forests with predominance of grasses are most vulnerable to fire.
Therefore strategies are implemented to retain the moisture longer after rainy season.
Long term plans are implemented to improve the water bodies of the forest area and
along with this eco-rehabilitation and catchment area treatment plans are also part of
the scope.

2. Forest Floor Biomass Management

The litters like dry leaves and woods on the forest floor are potential fuel for fire.
Therefore, this forest floor biomass has to be managed on regular basis for gainful
utilization of the biomass and to reduce the fire risks. To promote biomass collection,
royalty and transit fee is waived and micro entrepreneurship through Self-help
groups is to be promoted. Policy implementation has to be done to promote biomass
based electric generation through off-grid micro power plants in remote locations.
Sustainable removal of dead bamboos during mass flowering is another option to
conserve the ecosystem from fire. In Himalayas chirpine needles are very vulnerable
to fire. Forest department of Uttarakhand is using the needles in making check dams
and creating micro power stations for villages with the help of Electricity depart-
ment. Villagers are preparing briquettes. Scientists of FRI are carrying research
works on preparation of fibers and methanol from the needles. The needles are
collected by villagers and forest department fixed the rate of pine needles.
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Public awareness raising (non-specific)
Public announcements

Meetings and workshops

Public gatherings and performances
School programs

Joint Forest Management Commiltees
Other community institutions
Women's groups

Van Panchayat

Gram Panchayat or Gram Sabha
Firewatchers

Other employment

Wages for clearing fire lines

Provision of incentives (not specified)
Development projects/programs
Monetary payments for prevention
Rights and concessions

Prizes

Provision of equipment for firefighting
Fire lines and controlled buming with community
Involvement in management and planning
Monitoring, patrolling, or policing

Fire response

=
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| Working with community institution

B Employment

I Provision of Incentives
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| Joint implementation of FFPM
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Frequency (number of responses)

35 40 45

Fig. 9.7 Methods of community engagement used by state forest departments. Number of
responding officers are 94. Officers may have indicated more than one methods of engagement.
Source: World Bank survey of state forest department officers, April-August 2017

3. Weed Management

The weeds like Lantana, Eupatorium, Chinopodium etc. are covering a vast forest
areas of the country starting from south to north and east to west. The weeds not only
reduce native biodiversity but re-grow and spread after forest fire at a very faster rate
and in dry season prone to fire also. To mitigate this, weeding is required for removal
with proper techniques (manual, biological, chemical) and followed by land treat-
ments. The treated land has to be regenerated with native fire resistant species for

covering the area.
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Provision of incentives "
Public awareness raising programs [N
Employment | —
Work more with community institutions | ——
Changes in village government/institutions I

Policy changes I

Provide extension services I

More focus on the youth [l

Joint implementation of FFPM

Response unclear or unspecific

People just aren’t interested

Improve communication with communities
Monitoring, patrolling or policing

Address human-wildlife conflicts

Bruadt‘r L‘ngagt‘ml'nl

=

-
More systematic programming |

|

i

]
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i

]
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Frequency (number of responses)

Fig. 9.8 Ways to improve local community engagement. Number of responding officers are 91;
Officers may have told more than one way for better engagement. Source: World Bank survey of
state forest department officers, April-August 2017

4. Forest Landscape Restoration and Agroforestry

Forest Landscape Restoration (FLR) is a planned series of action towards restoring
the ecological functionality and increase human well being in the fire affected forests
(WWF 2020). In most of the cases there are opportunities for restoring the pristine
biodiversity. Fringed people or tribal may be encouraged to practice agroforestry in
fire prone vulnerable areas of the forests so as to protect the forests from fire. They
may be allowed to raise cash crops like tea, zinger, turmeric, coffee etc. along with
forests on some kinds of leased agreement.

9.3.2.5 Preparedness to Fight the Forest Fire

5. Forest Fire Detection and Alert

Forest Survey of India has materialized the active satellite based forest fire alert
system all over the country. The entire system of identifying the forest fire and
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alerting concerned people involves digitization of forest boundaries, promoting
adoption of improved Forest Fire Alert System, improving ground based fire detec-
tion, increased engagement of local communities, dedicated toll free telephone line
and wireless network for smooth communication, monitoring and evaluation of the
existing tools and instruments (Table 9.10).

6. Saving Critical Resources and Assets

Along with establishing new assets, it is important to save and manage already
existing resources and assets for better preparedness and future planning. To fulfill
this purpose the IT cells of the forest departments needs to prepare inventory map
and gather information regarding the already existing firefighting and overall man-
agement resources including control rooms, ground crew stations, fire lines, nearby
roads, railways and telecommunication networks, nearby water bodies, natural fire
breaks etc.

7. Forest Fire Lines

Fire lines are the first safeguards to pause or stop the fire situation; therefore it is most
important to maintain the status, functionality and adequacy of the fire lines. State
Forest Departments has to gather updated information regarding the already existing
fire lines like roads, rail lines, rivers or water bodies, transmission lines etc. to decide
on the need of the new fire lines or maintaining the old one depending on the forest
type, old fire data, new growth of habitats etc. The fire lines should be cleared from
any type of fuel (including trees) before fire season (Table 9.11).

8. Control Burning

In some of the forests, control burning is necessary to prevent spread of fire. For the
consistent performance and effective control burning state specific guidelines and
prescriptions for control burning have to be prepared. Timely release of funds,
prioritization of the areas for control burning, monitoring the burning activity is
among the other important factors to be taken care of.

9.3.2.6 Controlling and Management of Fire Situations

9. Training

Immediate response to fire can change the entire scenario of the grave results of the
forest fires and can save enormous resources, ecosystem, life of animals and people
and many more. To respond immediately we need to train field staff, fire watchers
and other community fire fighters, field officers, seasonal fire watchers and other
relevant stake holders and equip them with proper tools. They should be trained
about the most effective fire suppression techniques and place and problem specific
solutions and their respective responsibilities. After proper consultation with the
responsible authorities like Directorate of Forest Education (DFE) of the MoEFCC,
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Surface clearing _ 17

Dousing _ 13

0 10 20 30 10 50 640 70 80

Frequency (number of times mentioned by respondents)

Fig. 9.9 Techniques used to suppress forest fires by fire fighters and local people. Number of
responding offices: 85; Officers may have indicated more than one suppression techniques. Source:
Dogra et al. 2018

Police, Fire Department, National Disaster Management Authority (NDMA) NDRF
etc. The state forest departments may prepare the standard training curriculum for
training. Mock drills should be organized involving the District administration,
Police, Fire Department, NDRF, SDRF and State Disaster Management Authorities.

10. Equipping the Firefighters

The State Forest Department has to consult with Indian Council of Forestry,
Research & Education (ICFRE), Dehradun, to identify and provide the suitable
firefighting equipments and tools to all the above mentioned fire fighters as per the
local need along with some common equipment like leaf litter blowers, protective
clothing etc. (Figs. 9.9 and 9.10; Table 9.12).

11. Infrastructure Development

An effective communication system has to be established in all fire prone forests.
Drones could be used to identify the exact location, direction and extent of the fire.
State Forest Department should develop and enforce a protocol for accessing its
vehicles for smooth movement of the fire fighters to the fire spot. Proper mainte-
nance of the forest roads are of utmost importance in this regard. Prior arrangements
of trained firefighters and community volunteers have to be ensured.
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Fig. 9.10 Additional equipment needs mentioned by Forest Officers. Number of responding
officers: 74. Officers may have mentioned more than one type of equipment needs. Source:
Dogra et al. 2018

9.3.3 Post Fire Management

12. Loss Assessment

FSI develops National level yearly data base on burnt areas. Standardized protocols
and procedures have to be developed to facilitate the reporting of the extent of
affected area and amount of resource loss. Standardized methodologies for assessing
loss have to be developed. Adequate training programmes are also needed to
organize for capacity building of the forest officials regarding the assessment of
the loss due to forest fire.

13. Identify the Cause of Fire

It is an important task for the State Forest Department to investigate the real reason
behind the fire and take immediate and proper measures including legal actions as
per need (Table 9.13).

14. Mobilization of Funds

State Forest Department (SFD) should make arrangements for financial resources at
district, range and local level before the fire season. SFD should get access of the
funds under climate change provided by global bilateral and multilateral as
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Table 9.12 Forest Fire hand tools developed by FRI being used by Forest Departments, Van

Panchayats and JFMCs

Hand Tool Kit for controlling forest fires

1. Fire rakes (Kanghi): This tool is designed for raking and cutting of small bushes for
construction and maintenance of forest fire lines. There are three kinds of fire rakes made of
stainless steel sheets are exhibited below as photographs with specifications:-

A. Arrow type rake: It is used to remove twigs and small
branches, thickness of angle iron 10 mm, weight 700 gm,
number of rods per rake 12, length of rake including angle
iron 12 cm

B. Nail type rake: It is used for raking light litter, thick-
ness of angle iron10 mm

Weight 700gm, number of rods 12,

Length of rake including angle iron 12 cm

C. Peg tooth type rake: It is used for raking thick litter.
Gauge 3 mm

Weight 800 gm

Peg tooth angle 32-35°

2. Fire broom (Jhaapa): It is specially designed to beat
the surface fire and control the ground fire. The handiest
tool to beat the fire is made from spring steel wire
reinforced with steel cup connection to club with adjust-
able rod. The purpose of developing this tool is to avoid
loss of green branches (jhaapa) by the fire fighters. Steel
wire dia 2 mm, weight 800 gm, length of broom 45-50 cm,
breadth of broom 35 cm

3. Fire beater (fire pressed): It is developed to put off fire
hidden under lumps. It will be of much use in post fire
operations. It is effective and widely used in beating the
fire in grass and hard inflammable material. It is made from
steel or iron. Length 24 cm, breadth 24 cm, thickness of
steel 3 mm, weight 900 gm

(continued)
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Hand Tool Kit for controlling forest fires

4. Torch: It is a portable torch which can be used as head
lamp by crew members during forest fire operations. It can
also be mounted on the wrist of crew members. It is light
weight and uses two small rechargeable batteries with
LED lamp.

5. Adjustable rod: This multiple use rod can be fitted with
all types of above shown tools. The rod is very light in
weight and is adjustable to various lengths. It is made up of
high class conduit pipe with wooden grip. Adjustable
length is of about 5-9 feet. Diameter of rod 2.5 cm, length
of rod 1.5 m, weight 500 gm

6. Water bottle: A light weight plastic bottle is essential
element in the tool kit. A bottle that can carry about 2 It. Of
water is very useful for crew members during fire fighting
operation.

7. Pathal (modified sickle): It is designed to cut the small
branches and twigs for clearing way for crew members.
Length of iron blade 17.50 cm, length of wooden handle
33.50 cm, length of iron handle support 26 cm, weight
350 gm

8. Forest fire control tool kit bag: This canvas bag is
designed to keep various tools in such a way that the carrier
does not feel discomfort. The inside of the bag is designed
to evenly spread out of the weight of the tools. Length of
bag 2 ft., breadth of bag 1 ft., material used Melli fabric.
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Table 9.13 Source of forest fire ignition in Kerala from 2011 to 2016. (Source: Dogra et al. 2018)

Cause 2011 2012 2013 2014 2015 2016
Accidental 37 391 112 103 83 96
Incendiary 1 2 1 4 2 4
Deliberate 0 2 3 0
Lightning 0 2 16 0 3 2

MFP collection 1 14 3 2 5 1
Natural 9 117 71 30 53 121
Not ascertained 49 320 91 79 30 67
Power line 0 2 6 4 2
Settlements 1 2 3 3 1
Travelers/tr uckers 8 66 42 I 14 27
Fringe dwellers 1 4 0 0 2 I
Forest offenders 13 95 92 98 74 162
Graziers 0 0 0 0 2 1
Unknown 340 0 69 189 65 0

increasing forest fire is one of the results of climate change. SFD should also get
access of the funds for Information and Communication Technology and MNREGA
& other community Development and welfare programmes. Crowd funding, funds
from environmental management plans and other foreign investments are sources of
economic resources (Table 9.14).

15. Mitigation Methods and Tactics (for Dousing Fire)

The suppression of fire is dependent upon the location, type of vegetation and local
weather conditions. A few important fire suppression methods include (a) control
line method, (b) area method, (c) counter firing, (d) water, (e) chemicals (f) air-borne
tankers etc. Various traditional methods are also being employed to control the forest
fires. To cite a few, in Uttarakhand, officials of forest departments with the help of
local communities make use of Jhapa (broom made of local bushes) for fire beating
which is found to be very effective in difficult hilly terrains. All the Panchayats/Van
Panchayats, Mahila Mangal Dals, Self Help Groups and Youth Mangal Dals,
Vanagni-Prahari and Gram-Prahari are mobilized to control the forest fires in their
respective areas (Fig. 9.11).

16. Restoration of Affected Areas

After assessing the reason and extent of loss, case specific restoration plans has to be
prepared and practice silviculture for mass afforestation to restore the previous
ecosystem. While doing this proper soil moisture conservation measures has to be
adopted. Indigenous vegetative barriers should also be identified and planted along
with other vegetation. Coordination with other ministries and departments would
facilitate the entire forest management system (NAPFF) (Fig. 9.12; Tables 9.15 and
9.16).
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Fig. 9.11 Of Jhapa for putting off forest fires

9.4 Case Studies
9.4.1 Uttarakhand Forest Fire 2016

In 2016 Uttarakhand was hit by the worst forest fire, when around 4000 hectares of
forest cover across 13 districts were completely burnt. This incident devastated the
biodiversity and forest ecosystem of that area. More over 9 people were killed and
17 were injured by the fire. 6000 forest officers along with NDRF team were
deployed to contain the fire (Upadhyay 2016a, b). The fire incident in 2016 was
much more severe than the fire in 2015; only in Nainital and Udham Singh Nagar
respectively 1 and 6 fire points were identified. But in 2016, 13 districts were
engulfed by fire and total 1270 fire points were identified among which, 32% were
in Pauri Garhwal and around 22% were in Nainital itself (Dalei 2016).

Lessons Learned

As per experts scanty rainfall during the winter months and long dry spells of
summer months and low vapour pressure are the principle driver of the fire (Dalei
2016). It is also said that the El-Nino condition prevailing on 2015—16 has influenced
this fire event by decreasing the precipitation amount and increasing the temperature
(Aggarwal and Mehta 2016). Therefore, climate change could be an important factor
which is going to bring the similar situation in future as well (Dalei 2016). But on the
top of those anthropogenic activities like extraction of timber, collection of honey sal
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Fig. 9.12 Challenges faced by responding officers towards effective forest fire prevention.
Responding officers = 96; each responding officer may mention more than one challenge. Source:
Dogra et al. 2018

seeds, hinting wild animals, encroaching forest lands and accidental fires are also
additional reasons (Dalei 2016).

9.4.2 Australian Bush Fire

Although in June 2019, Queensland Fire and Emergency Service warned and gave a
forecast of early advent of bushfire, but in spite of that as of March 2010 around 18.6
million hectares of (186,000 km? of forest land (Burton 2020) has been burnt. It also
destroyed 5900 buildings which include 2779 homes and at least 34 people were
killed (Green 2020; ABC News 2020; SBS News 2020; Henriques-Gomes 2020;
The Sydney Morning Herald 2020). Almost one billion animals were killed and
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Table 9.16 Recommendation and Priorities for Forest Fire Management

Recommendation

Lead Implementer

Priorities and Timing

FFPM guidelines to cover:

« revised working plan code

* development of standard
Operating procedures (SOPs)
by the SFDs (see below)

« fire lines, siting and mainte-
nance controlled burning

« Silvicultural practices (pre-
vention and post-fire restora-
tion or rehabilitation)

« common classification
scheme for the causes of forest
fires

« standard protocols for post-
fire reporting, the investigation
of fire causes, and standard
methods for assessment of
damages

* incentivizing accurate
reporting by field staff on fires
occurrence, burnt area, and
damages

MOoEFCC (in consultation
with relevant stakeholders)

MOoEFCC to begin drafting
these immediately, and to
finalize them in consultation
with relevant stakeholders.

Ensuring adequate funding and
field staffing

SFDs

In the near term, states should
examine existing budget
resources to determine if
enough is being allocated for
FFPM. CAMPA offers a
potential source of funding. In
the longer term, states should
seek to increase funding by
increasing productivity of for-
ests and thereby the revenue
generated from the sector. A
top priority is for SFDs to fill
vacancies for field staff and
community firewatchers in
fire-prone areas. Boots on the
ground are essential for all
aspects of FFPM, including
prevention, detection, and
timely response to fires.

Training in fire suppression
(prevention, detection, and
post-fire reporting) for field
staff

DFE (training curriculum) to
be rolled out in coordination
with SFDs

There is a real need for this,
and this activity must begin
immediately with the devel-
opment of a curriculum for all
forest guards and other field-
level officers in the SFDs.

Provision of equipment for
field staff

SFDs in coordination with
FRI

There is a real need for this,
and this activity must begin
immediately. The focus

(continued)
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Table 9.16 (continued)

Recommendation

Lead Implementer

Priorities and Timing

should be on basic hand tools,
safety gear and other equip-
ment for ground crews that are
appropriate and suited to local
needs and conditions.

Establishment of coordination
mechanism, at national, state,
and district levels, between
forest departments and disaster
management agencies

MOoEFCC at the national
level, and SFDs at the state
and district level, working
with relevant disaster man-
agement agencies

This process should also begin
immediately, both to define
the coordination mechanism
and also to establish

it. MOEFCC and NDMA
should take the lead and pro-
vide guidance for the state-
level mechanisms

Development and deployment
of fire danger rating system

FSI with SFDs

FSI to continue the develop-
ment of FDRS in collabora-
tion with SFDs, with the
recognition that this is a long-
term process. The immediate
priority is to formalize this
process and create a mecha-
nism for SFDs to provide
input to the FDRS and field
data/feedback for testing

the FDRS.

Continued improvement of
satellitebased fire detection
system

FSI with SFDs

FSI has a well-functioning
nationwide satellite-based fire
detection system in place. This
system can be refined as new
technologies and detection
algorithms come available,
and both FSI and SFDs should
work toward this. The imme-
diate priority is to improve
twoway communication
between FSI and SFDs and
strengthen the process by
which field-level forest offi-
cers provide feedback to both
SFDs and FSI on the accuracy
of the alerts.

National Policy or action plan
(which would also clarify role
of other agencies)

MOoEFCC

Core group with director gen-
eral of Forest and representa-
tives from SFDs, NDMA,
NGOs, and research institutes
to be established immediately
to initiate a consultative pro-
cess for the development of
the national policy and action

(continued)
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Recommendation

Lead Implementer

Priorities and Timing

plan over the course of one to
two years.

Incentivizing communities

SFDs working with
Communities and local NGOs

There is a real need for this,
and this activity must begin
immediately, although it will
entail a longer-term process

Standard operating procedures

SFDs in consultation with
relevant agencies

SFDs to begin development
once MoEFCC issues
guidelines.

Defining a national research ICFRE ICFRE, as part of its mandate,

agenda (with funding) has developed a National For-
estry Research Plan for
2000-2020. FFPM research
needs can be defined as part of
this ongoing process.

Formal mechanism for knowl- | MoEFCC MOoEFCC organizes annual

edge sharing between states meetings of PCCFs and one of
these meetings can focus on
forest fires.

National Forest Fire Informa- | FSI While such a database will

tion Database

serve many needs, it can be
developed over the coming
years once the underlying
processes to collect the neces-
sary data have been
established.

National Center of excellence

ICFRE in coordination with
FSI

While these are needed for
such a Center of Excellence,
this too can be developed over
the coming years, once the
underlying processes have
been established.

Acronyms: DFE Directorate of Forest Education; FDRS fire danger rating system; FRI Forest
Research Institute; FSI Forest Survey of India; /CFRE Indian Council for Forestry Research and
Education; MoEFCC Ministry of Environment, Forest and Climate Change; NDMA National
Disaster Management Authority; NGO non-governmental organization; SFD state forest depart-
ment. Source: Adopted from Dogra et al. 2018

some of the endangered species might have been extinct (The University of Sydney
2020; Harvey 2020; Readfern 2020a) Air pollution reached its peak hazadous level
and the estimated cost of reconstruction are expected to exceed A$ 4.4billion (Butler
2020). Tourism revenue is also impacted badly and had a down fall below A$1
billion (Reuters 2020). Only in May 2020 the fire is extinguished all over the

country.



9 Impact of Climate Change on Forest Fires in India and Climate. . . 203

Lessons learned

Many people primarily blamed climate change for this incident. According to them
faulty government climate policies are to be blamed for prolonged dry spells and
extreme hot summer (The Australian 2020). However, later on later on the blame
was on the lack of prescribed burning and fire break management, though experts
have explained that prescribed burning has increased than earlier years following the
recommendation of the 2009 Black Saturday Royal Commission (Readfern 2019).
Experts also explained that since the weather condition has shifted towards the
warmer and drier conditions it is actually difficult to achieve the prescribed level
of burning (Readfern 2019). Further experts are skeptical about the effectiveness of
the fuel reduction treatment to stop the bush fire where the climate and weather
condition primarily controls the bush fire (Gibbons n.d.; Readfern 2020b; Gibbons
2012). Therefore, it is clear now that the old methodologies of precautions from fire
may not be effective in recent times. Therefore, new solutions have to be found to
cope up with the changing climate solution and here comes the role of climate
change adaptation and mitigation to control forest fire.

9.5 Climate Change Adaptation and Forest Fire Mitigation:
A Way Forward

From the above discussion it is clear that we need to have adaptation and mitigation
strategies, which are the two sides of a coin, to fight climate change driven triggering
of forest fire. Studies those are targeting to achieve adaptation strategies are
assessing impacts and vulnerability but that is not leading to any better strategies.
Multi-disciplinary approaches are coming up with the ideas of merging traditional
knowledge with modern socioeconomic and behavioural achieve better management
strategies (Keenan 2015).

Normally forest ecosystems are resilient and capable of adapting to the new
weather condition and many species have already adapted (Lucier et al. 2009). In
fact in some some of the places some tree species have shown positive response with
the changing climate. But it is possible that it will not be able to keep pace with the
fast changing climate and that may lead to reduced carbon stock and carbon
sequestration capacity which will ultimately work as a positive feedback process
and work as a catalyst for the climate change (Seppili et al. 2009).

Adapting forest management would include monitoring and anticipating changes
on the basis of previous data and proper action to avoid the negative impact or
making potential use of the changing situation (Levina and Tirpak 2006). Adaptation
approaches may either aim to reduce vulnerability or may be reactive to the changing
condition or can go for long term transformational changes. Forest thinning is one of
such ideas for exclusively the places where possibility of temperature change is
higher. Varying species composition of harvested trees are one of the most effective
ways for increasing the forest age and promoting climatically suited species
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Fig. 9.13 Components of climate smart forest management (Source: Keenan 2015)

(Steenberg et al. 2011). the future trajectory of climate change and the interaction of
the ecosystem to that changed climate is too uncertain (Wilby and Dessai 2010) to
make any long term and costly decisions. Therefore for effective adaptation one has
to be very particular about the objective of the adaptation strategy. The following
diagram gives an idea of how the climate adaptive forest policies and management
should be (Fig. 9.13).

We need to clearly identify whether to facilitate ecosystem adaptation by chang-
ing the species composition or build resilience through engineering resistance (Joyce
et al. 2008). Adaptation is a social learning process, which needs the understanding
of a particular place, capacity for individual and society to consider the potential
climate change and the implication of that to their life. Policy makers need to give a
greater diversity of input for decision making (Konkin and Hopkins 2009). Deci-
sions should only made after close consultation with environmental scientists, other
related organizations, communities etc. There is dire need for understanding the
response of individual species or ecosystem as a whole to the climate change and the
community attitudes towards the climate change and forest management.
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Abstract Infrastructure is imperative for development and links closely to achiev-
ing the desired GDP-growth of countries and regions. Both social and economic
infrastructure developments are required in the changing phase of human develop-
ment where urbanization and rural to urban transition is rapid. Increasing population
and changing political economic realities of urban areas are stretching cities and city
regions to build more and more of infrastructure in terms of energy reproduced
below telecommunication, transport, and housing and provide services like water
and sanitation, health and education. However, these cities and regions are also the
ones that are at huge risks of climate change impacts due to financial and structural
constraints, low levels of development, high vulnerability and climate-vulnerable
geographies. Cities are increasingly becoming centres of environmental disasters,
while also being the centre stage for economic development. To achieve growth
targets, it is imperative that we build strong and resilient infrastructure that can
withstand changing climate and projected increase in extreme events.

This chapter views infrastructure development in the perspective of urban centres
in developing countries and need for building safe and climate resilient infrastruc-
ture. It also highlights through various statistics how cities are vulnerable to climate
impacts and why there is a need to think about building safe and resilient infrastruc-
ture. It draws up policy recommendations to achieve a climate resilient urban
development accompanied by safe and resilient infrastructure and makes a case for
infrastructure to be resilient in terms of design, finance, regulations and standards,
policy, mainstreaming.
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10.1 Introduction

10.1.1 Infrastructure Is Imperative for Development

Inadequate infrastructure is widely recognized to be holding back development in
fast-growing regions of Latin America, Asia and Africa, lowering the quality of life
of its citizens. The developing world looks at infrastructure investment as a priority
to achieve growth (World Economic Forum 2015). Communications infrastructure
like telecom, transport infrastructure like road, rail, port; energy, housing, water and
sanitation, health and education are considered to be the topmost requirement in
terms of infrastructure provision in developing world. Asia needs an annual com-
mitment of about 6.5% of its GDP towards infrastructure provision by 2020, of
which, about half is for energy infrastructure, a third for transport, 13% for ITC, and
3% for W&S (Antonio E et .al, 2012). Infrastructure growth is a key component of
the 2030 Development Agenda. The same is being highlighted in the Sustainable
Development Goals;

(1) SDG 6-Ensure availability and sustainable management of water and sanitation

for all;

(i) SDG 7-Ensure access to affordable, reliable, sustainable and modern energy
for all;

(iii)) SDG 9- Build resilient infrastructure, promote inclusive and sustainable indus-
trialization and foster innovation

(iv) Itis also to be noted that infrastructure provision will have distributional effect
on the basis of type of infrastructure and the area. For example, provision of
roads in Bangladesh has contributed to reduction of poverty; transportation
infrastructure in Africa has benefitted small and remote cities and infrastructure
rehabilitation has provided positive benefits to the poor in Vietnam (Gurara
et al. 2017). Effects of infrastructure provision are regional and any deficiency
in infrastructure leads to regional impacts too. For a long time in India for
example, providing matching infrastructure in rural areas has been an agenda
favoured to contain migration and improve quality of life in rural areas.
However, across the developing world, the changing dimensions of urbaniza-
tion have influenced the way infrastructure provision is seen and attended to.

10.1.2 Cities Engines of Economic Growth or Centres
of Environmental Disasters

Cities are an important centre for economic development and growth. The narrative
around economic development is increasingly bringing in issues and concerns
around urbanization and raising question on how to achieve urban development
that induces more and more of economic development. The best cities in the world
are centres of vitality, diversity and centres for growth for all, where the ideal of
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common growth can be realised (David and Sheridan 2016). However, with growing
urbanization and number of cities, this ideal face of cities is diminishing quickly.
Most of the cities, particularly in the developing world are chaotic, un-livable and far
from being sustainable centres of economic growth. They lack infrastructure, basic
services and innovative governance mechanisms and have weak local governance
where the common good is easily violated. Growth of these cities is impeded due to
failed planning and lack of knowledge of environmental sustainability, climate
resilience and disaster risk reduction (Therrien et al. 2018).

It is also to be noted that most of the efforts on cities are driven towards economic
development only. Economic success or the aspiration for the same has not brought
forth processes that induce sustainability, climate resilience, risk reduction and
disaster managed cities. These have rather been two different narratives dealt with
in silos. Instead, the economic development pathways that have been adopted and
the resultant consumption patterns have made cities and city regions centres of risks
and inequality.

10.2 Growing Urban Population and Rapid Increase
in Number of Urban Centres Are Driving
Infrastructure Development

Box 10.1 The World is Moving to Cities
Close to half of the world’s urban dwellers reside in settlements with fewer
than 500,000 inhabitants, while around one in eight live in 33 megacities with
more than ten million inhabitants. By 2030, the world is projected to have
43 megacities, most of them in developing regions.

Source: World Urbanization Prospects: Revision 2018. https://esa.un.org/
unpd/wup/publications/Files/WUP2018-KeyFacts.pdf

According to United Nations, 55% of the world lives in urban areas (UN 2014). By
the end of this century the population of the world is projected to grow by 6.9 billion
to 13.1 billion, and the percentage of people residing in 101 largest cities will grow
from 15% to 23% (Hooernweg and Pope 2017). Asia has the highest number of
people living in urban areas, being 48% urbanised and house to 53% of world’s
population (UNHABITAT 2016). Besides Asia, Africa shows extreme urban growth
as well, displaying an urban growth rate that is 11 times more rapid than the growth
rate in Europe.
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Box 10.2 Asia Leads on Urban Population
The urban population of the world has grown rapidly since 1950, having
increased from 751 million to 4.2 billion in 2018. Asia, despite being less
urbanized than most other regions today, is home to 54% of the world’s urban
population, followed by Europe and Africa (13% each).

Source: World Urbanization Prospects: Revision 2018. https://esa.un.org/
unpd/wup/publications/Files/WUP2018-KeyFacts.pdf

It is also estimated that Sub Saharan Africa will have the most dramatic rise in the
number of large cities growing from 7 in 2007 to 20 in 2050 and 30 by the year 2100
(Daniel Hoornweg et.al, 2017). Both Africa and Asia’s rapid urbanization is driven
mainly by natural increase, rural-urban migration, spatial expansion of urban set-
tlements and reclassification of rural areas. The growth rates of these regions pose
major challenge to their resource base and the need to build and sustain infrastructure
and basic services for the growing population.

It is projected that by 2030 the urban population within these regions and in
particular developing countries will double, while the area covered by cities would
triple. Currently, the top 600 cities that contain a fifth of the world’s population and
generate 60% of global GDP consist mainly of cities in developed countries.
However, it is predicted that 21 out of the global megacities will be found in Asia
by the year 2025, increasing the contribution to the league of Asian cities that
produce around 80% of the GDP of their region, use up 60—80% of the regions
energy and create 75% of the region’s carbon emission (Asian Development Bank
2015a, b).

Closely linked to the issue in the fast growing cities of Asia and Africa is the
challenge of providing adequate basic services and infrastructure. This would mean
that a lot of infrastructure is yet to be built to support the ever growing population
and number of cities. For example a study suggests that almost 70% of India’s
infrastructure is yet to be built (McKinsey 2010). Similar are the cases for other
developing and middle income country cities. It is to be noted that Asia alone puts in
an estimated $881 billion each year into infrastructure and this is required to be
doubled to match the population increase, somewhere to the range of $22.6 trillion
on infrastructure by 2030 (QUARTZ 2017). Approximately 1.2 billion Asians are
predicted to move to cities over the next 35 years. This will require the construction
of hundreds of new homes, roads, and water and electricity networks besides other
infrastructure to support this volume of population (Asian Development Bank
2015a, b).

In India for example, over the past decade, there has been a huge increase in the
number of urban centres from 5161 in 2001 to 7935 in 2011(census 2011). This is
mainly because of reclassification of rural settlements to urban. These areas are
significantly lacking in the institutional framework provided by a municipality. This
calls for significant attention on provision of infrastructure and the resolve to build
better and not to repeat the mistakes of most of the Indian cities. This is equally
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important in the context of developing countries where transitioning cities and
infrastructure provision will be major problems for the times to come. This takes
us back to the regional dimensions of the infrastructure needed in the rural, urban and
urban areas, to strengthen regional linkages and create the desired social and
economic impact.

According to UN Habitat, cities consume 78% of the world’s energy and produce
more than 60% of greenhouse gas emissions in spite of the fat that they occupy only
2% of the world’s area.'Built environment, transport emissions, emissions from
industries, fossil fuel burning all have significant share of GHG emissions and
attributed to urban centers more than anything else.

10.3 Vulnerabilities and Impacts

10.3.1 Growing Cities and Also at Growing Risks to Climate
Change

While the city and State Governments think about urban development and ways and
means to cater to the rapid increase in urban population and number of cities, climate
change impacts have taken a toll on urban areas where these people, resources, and
infrastructure are concentrated. An estimated 46 million people living in cities are at
risk yearly from flooding from storm surges in the East Asia Region alone.

Some of Asia’s fastest growing cities are susceptible to climate impacts like sea
level rise. 341 Million Asian cities will be at risk of climate change induced flooding
both inland and coastal by the year 2025 (Asian Development Bank 2015a, b).
About half of world’s largest urban centres are located in coastal areas and around
25 of them are located in the seismic zone (Hooernweg and Pope 2017).

In 2017, more than 1000 people died and 45 million people had to bear huge
losses in terms of loss of livelihood, homes and services when severe floods hit
Southeast Asian cities, including Dhaka in Bangladesh and Mumbai and Chennai in
India. In 2017 itself, California’s suburbs and Rio de Janeiro in Brazil have expe-
rienced the fury of floods, drought, wildfires and heavy rains. Cape Town in
South Africa has been known to endure extreme drought since 2015, this year the
city had to be declared at zero level in terms of water availability (Bai et al. 2018).

In 2018, extreme rains and floods have affected Kerala one of the coastal states in
India, with a loss of lives of 385 people leaving around 0.314 million homeless and
counting. The floods, the worst in last 100 years have caused a damage and loss
worth INR 80 Billion in the last four days of fury (Economic Times 2018a, b). In
2019, the tourist city of Shimla in Himachal Pradesh the mountain state of India, had
to be declared at zero water stage and tourists were requested not to come to visit the
city during summers, the peak time for tourists’ activity in the city. This affected the

"https://www.un.org/en/climatechange/cities-pollution.shtm]
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economy of the city very badly while the city dwellers were already dealing water
shortage of extreme kind. 2020 caught the world unaware with COVID19 outbreak
and then India was hit by cyclone Aphan causing huge loss and damage to property,
infrastructure and lives.

By 2030, millions of people and US$4 trillion of assets will be at risk from such
events (Bai et al. 2018). Critical infrastructure is the worst hit due to these events
leaving hundreds and thousands of people strangled in dangerous situation. The
cyclone HUDHUD in the year 2013 destroyed the airport of the Visakhapatnam city
and more than 70% of the critical infrastructure in the city was affected (Business
Standard 2014). Very recently, the airport at the Kochi city in the coastal state of
Kerala state had to be shut down for over a week due to flooding”. The South Asia
flooding in 2017 that effected India Nepal and Bangladesh had impacts on 41 million
people due to heavy rains and floods, over 950,000 houses were destroyed due to the
floods and over 1200 lives were lost. Tropical cyclones led flooding in Vietnam
affected 233,271 houses, damaged 1782 kilometres of roads, 585 bridges or culverts
and 60 kilometres of dikes leading to an overall economic loss of VND 10,520
billion- approximately US$460 million (World Bank 2017). The State of
Uttarakhand experienced an unprecedented high rainfall between June 15 and
17 in the year 2013 leading to extreme flash floods and landslides within the State.
A total of 580 human lives were lost, more than 4000 persons went missing. This
event is said to have affected over 900,000 people in Uttarakhand that year (World
Bank and Asian Development Bank 2013).

10.3.2 Climate Change Will Severely Impact Urban
Infrastructure

Many of the world’s largest and fastest growing cities are vulnerable to sea-level rise
having located on the coast. They are equally exposed to windstorms, tsunamis and
floods the occurrence of which is increasingly attributed to climate change.

It is important therefore to understand infrastructure vulnerability and ways to
build resilience within planning and decision making that can enhance the disaster
resilience of cities and their vital and critical infrastructure systems (Chang et al.
2014). Studies indicate that climate impacts on infrastructures will depend on their
geophysical risk exposure, the existing adaptive capacity and resilience, and the
level of regional economic development. Climate change will also affect the envi-
ronmental and social systems around infrastructure assets and will greatly influence
the functions and interaction of these infrastructures with the environment and their
interactions with these systems. Understanding full range of climate change impacts

2https://www.indiatoday .in/india/story/kochi-airport-damage-rs-250-crore-kerala-floods-massive-
repair-work-on-1320191-2018-08-22
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on infrastructure will often require complex local and regional analysis of these
interactions.

Vulnerability to climate change impacts is also strongly linked to technology used
for construction and operation of an infrastructure. These impacts are much more
pronounced in congested built-up areas that create their own micro-climates like that
of urban heat islands. In addition to this, and particularly in many developing
country cities, climate impacts on infrastructure are much more severe due to the
development pattern these cities have adopted. These cities characterise degradation
of natural protection, deforestation and building on floodplains, poor-quality hous-
ing construction on exposed slopes, and extensive ground coverage of concrete
without adequate drainage. Even a day of heavy rains in these regions often result
in intense, flash floods, such as Mumbai, July 2005 and Chennai in 2017 in India.

This highlights the importance of making sure that existing and future infrastruc-
ture are built to cope with climate impacts and extreme events. The complexity
involved around city systems and how they are developed requires acting in an
integrated, cross-sector way on climate risks and resilience. There are three logical
layers to infrastructure resilience:

1. Infrastructure that is resilient and sustains functional in the event of climatic
shock or event,

2. The infrastructure development in city or town doesn’t create new or aggravate
risk or vulnerability to climatic change impacts / disaster impacts, and

3. Interdependence of infrastructure and looking infrastructure as systems and not
only as static entities.

10.4 Addressing Climate Vulnerability to Urban
Infrastructure

Climate impacts can not only destroy infrastructure during extreme events but will
also affect functioning and operations of the infrastructure due to gradual climate
change. The Sustainable Development Gaols also recognise the need for risk
reducing infrastructure in SDG no 6.

It is to be noted that both physical as well as social infrastructure is critical to be
addressed for climate vulnerability. However, within the scope of his paper we are
only looking at the physical infrastructure. Addressing impacts of climate change on
infrastructure will involve a threefold solution:

(i) Working on early warning systems and communications for extreme events
(i1) Building infrastructure that could be used to evacuate and restore during
extreme event for example bridges, roads, shelter homes, health centres
(iii) Making the infrastructure resilient to climate impacts Ex Ante and Ex Post

As per Tanner et al. (2015), investing in DRM strategies’ offers a triple dividend.
These dividends hold good for investing in resilient infrastructure where it would
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have the capacity to avoid the losses in the event of disasters. This will lead to
reduced loss of lives and damage to infrastructure. Climate resilient infrastructure
will also unlock the potential for economic growth by catalysing investment,
innovation and entrepreneurship to these urban areas despite their risks to climate
impacts. Besides this, resilient infrastructure will generate development co benefit’s
that will go a long way in making the system robust and reliable.

In broad terms, for cities to be resilient, it is important that its roads utilities,
bridges etc. are designed to continue functioning during a disaster, while institutions
both private and public are prepared with up to date information on extreme event
and are effectively connected with the communities such that they can work together
during a calamity (Chang et al. 2014). Infrastructure resilience should characterize
specific vulnerabilities and resilience within existing infrastructure and foster future
infrastructure design and functioning to be resilient. Much of the literature also
suggests that land use planning and location specific decisions of infrastructure as
per land topography is also an important part of building resilience.

10.5 Resilience of Urban Infrastructure

There are varied definitions and interpretations for resilience in the urban context and
with growing knowledge the term resilience is being used in deeper sense of
institutional, social and structural responses to calamities and adversity. According
to the United Nations International Strategy for Disaster Reduction resilience (now
UNDRR) is:

“The ability of a system, community or society exposed to hazards to resist,
absorb, accommodate, and recover from the effects of a hazard in a timely and
efficient manner, including through the preservation and restoration of its essential
basic structures and functions”. (UNISDR 2009).

In terms of defining resilience of urban infrastructure the resilience enhancing
characteristics as proposed by Tyler and Moench (Tyler and Moench 2012) seem to
bring in the most critical:

(1) Flexibility and diversity of infrastructure systems to perform essential tasks
under variety of circumstances be able to convert /modify to perform functions
in different possible ways.

(i) Redundancy and modularity: Multiple pathways and variety of options for
service delivery and components that can replace one another in case one fails.

(iii) Safe failure: Ability to absorb sudden shock and adaptability for slow onset
changes such that a catastrophic failure is avoided.

Some researchers have framed resilience as the ability of infrastructures to withstand
structural shocks brought about by climate change (Chirisa et al. 2016). A physical
infrastructure is considered resilient if it can withstand, adapt and recover from
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external disruptions those caused by natural forces such as extreme events and
man-made forces such as pressure of the growing population, inadequate O & M
and degradation .

It is to be understood that in the case of infrastructure resilience, merely installing
adaptive systems in silos might not help much (Fraser et al. 2016). It is to be looked
at in the light of intertwined and interdependent systems that can function well at
times of a disaster and make up for safe failure if it has to by doing so.

10.6 A Discussion on Best Practices and Implementation
Examples for Resilient Infrastructure

Within the Asian Ministerial Conference on Disaster Risk Reduction (AMCDRR) in
the year 2016, the Prime Minister of India had announced that India will work with
partner countries and stakeholders to build a coalition for promoting disaster resilient
infrastructure. This is in response to the future investment needed in building
infrastructure in the country and recognizing the fact that investment in new infra-
structure will be a an important step for attaining sustainable development and
climate resilient future. The proposed coalition was built with an objective of
generating new knowledge on hazard risk assessment, disaster resilient technologies
and mechanisms for integrating risk reduction in infrastructure financing (NIPFP
2017).

The coalition identifies 4 broad thematic areas for the work of the coalition that
include:

(i) Development of disaster risk assessment methodologies, metrics and indicators
of risk to ensure sustainability for different infrastructure classes;
(i1) Revising standards, design and regulation for infrastructure development and
also operations and maintenance of infrastructure;
(iii) Financing for disaster resilient infrastructure including risk transfer
mechanisms; and
(iv) Reconstruction and recovery of key infrastructure sectors after disasters.

In terms of successful programs on resilience, the Asian Cities Climate Change
Resilience Network (ACCCRN) supported by the Rockefeller Foundation initiated
the very discussion on implementing resilience in cities in Asia way back in 2007.
Starting off with 10 cities in 4 countries in Asia- India, Indonesia, Thailand, and
Vietnam and extending to two more countries that included Bangladesh and Philip-
pines (ACCCRN 2008). The initiative through a league of like-minded local partners
in each country started the mission that led to over 30 cities conducting their hazard
and risk assessment to climate change and preparing their own climate resilience
strategies. Most of the successful cities under the program were led by city’s political
leadership and municipal commissioners and the in depth involvement of vulnerable
communities, private and public stakeholders (Sharma et al. 2017). Through the
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Rockefeller foundation’s initiative like ACCCRN and 100 resilient cities, more than
30 Indian cities have started planning for resilience strategies to impacts of climate
change. The cities of Surat, Indore and Gorakhpur were the foremost in conducting
risk and vulnerability analysis and extensive stakeholder communications and
shared learning dialogues to prepare a workable city resilience strategy.

While Gorakhpur resilience strategy follows an integrated approach that
addresses the institutional, behavioural, social and technical interventions (The
Energy and Resources Institute 2011); Surat and Indore resilience strategies are
structured on the principles of building on existing initiatives, preparing pilot and
demonstration projects and multi-sectoral synergies and integration (Rajasekar et al.
2012: 5) As part of the resilience strategy, Surat Municipal Corporation set up a trust
fund for implementation resilience action in the city, while Gorakhpur resilience
strategy looked at restoring and reviving the main water body- the Ramgarh Taal and
implemented resilience projects in the peri-urban areas. These projects were primar-
ily on restoration of agricultural lands, improving drainage and solid waste manage-
ment in the poor localities in the peri-urban areas (ACCCRN 2014). It is to be noted
though that the resilience strategies, although being a holistic document were more
focussed upon policy and regulatory changes but not detailed enough to take some of
the strategies to the level of implementation, particularly for the infrastructure sector.
The major challenges were that of missing mandates and budget lines to support
implementation of projects. Some of the challenges were that of capacity and the fact
that cities were not fully equipped with scientific knowledge and tools to plan for
resilience even if they wanted to.

Box 10.3 Smart Cities for Climate Resilience

There is little explicit focus on climate change and flood resilience in the Smart
Cities Mission guidelines and the smart city plans of most of the selected smart
cities. However, some of the cities by virtue of their exposure to extreme
events frequently have designed projects within their smart city plans. For
example:

Vishakhapatnam Smart City Plan suggests for a shore protection plan to counter
tsunamis and prevent beach erosion.
Bhubaneswar city plans to set up an early warning system for flood and cyclones.
Chennai city demands for a sensor-based water level monitoring, along with a
surveillance system to forecast and generate warnings for floods and tsunamis.
Guwabhati plans for a hydrological information system (HIS) to be installed for
generating real time data for flood forecasting.

Source: https://indiaclimatedialogue.net/2017/10/11/climate-disconnect-
indias-smart-cities-mission/

After increase in the frequency of extreme events like flooding and heavy rainfall,
cities in India are beginning to realise the importance of building resilient infrastruc-
ture and climate proofing the existing ones. Flagship national schemes like Smart
Cities (Smart City Mission 2016a) and Atal Mission for Rejuvenation and Urban
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Transformation (AMRUT 2016b) are looked at with hope for deliberately bringing
in resilience measures to all new infrastructures that will be built under these
schemes. However, only few have envisioned environment sustainability, climate
resilience and disaster risk reduction as part of their mission towards building their
cities as Smart Cities. Cities of Dharamsala, Pune, Guwahati, and Visakhapatnam
are some of them (please refer to Box 10.3 for details). Yet there is a long way to
achieve desired level of understanding and mission oriented measures to address
resilience in infrastructure sector.

The Ministry of Housing and Urban Affairs is currently preparing to launch a
competition based certification system for smart cities on climate smart urban
development. Key thematic areas are being identified and indicators based frame-
work is being developed at present. One effort worth mentioning is the establishment
of Urban Climate Change resilience Trust Fund (UCCRTF) instituted by ADB and
supported by The Rockefeller Foundation, Government of UK, Switzerland and
USA to foster infrastructure resilience in cities in Asia, India being one of them
(Asian Development Bank 2013).

The Rockefeller Foundation created the 100 Resilient Cities program in the year
2013. The program selected 100 prospective cities from around the world including
those from the developing world to receive support from the initiative. The City
Resilience Strategies that were prepared under the program were one of the core
tools that propelled 100 Resilient Cities member cities to implement resilience
initiatives. The strategy—product of a six-to-nine month process came up with
crucial new solutions so that cities could collectively act on their resilience chal-
lenges. The focus areas for each city are spelt out and measures to address those
issues have been out in place. For example, Pune city is the only city where Chief
Resilience Officers (CRO) has been successfully institutionalised within the Pune
Municipal Corporation. The city views resilience in terms of shocks as well as
stresses and considers mobility, population pressure and increasing number of
private vehicles as major concerns for resilience building initiatives in the city.
The city is establishing Urban Mobility Labs within the city that is supported by
Niti Ayog’s Light House Challenge. Similarly the Preliminary Assessment Report
(PAR) of Chennai city has identified the following areas/sectors for intervention:

(i) Water systems

(ii) Informal settlements
(iii) Planned and healthy urbanization
(iv) Urban resilience

The city is learning from International examples like’ room for the river’ project in
Netherland to address its problems of concurrent floods. As part of another innova-
tive solution, the 100 RC program is helping Chennai to tweak the design of its storm
water drainage. The new design will not have usual concrete drainages but systems
built out of permeable material that allows water to permeate to ground level- a
solution that serves the dual purpose of addressing flood protection and manage
drought. Besides, Greater Chennai Corporation, Parks division is working with the
University of British Columbia on building green infrastructure within the city,
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besides creating vegetable gardens on flat urban roofs. Some of the successful pilots
have been adopted on the roofs of municipal schools. The produce from these ‘urban
farms’ is used to feed children through the mid-day meal program. The green roofs
have a cooling effect. Drip irrigation system is being introduced for these urban
farms.

As per the 100 Resilient Cities programs’ philosophy, “the Resilience Strategies
are more than a milestone—they are a roadmap, a call to action” (100 Resilient Cities
2016). Some of the member cities include Chennai, Bangalore, Jaipur and Surat in
India; Bangkok Thailand; Adis Ababa, Ethiopia; Belgrade, Serbia; Can Tho and
Danang, Vietnam; Accra, Ghana; Melaka, Malaysia; Jakarta and Semarang, Indo-
nesia. All these cities and others that are part of the initiative receive the following
support from the initiative and its global partners (100 Resilient Cities 2016):

(1) Financial and logistical guidance for establishing an innovative new position in
city government, a Chief Resilience Officer, who will lead the city’s resilience
efforts

(i1) Expert support for development of a robust Resilience Strategy

(iii) Access to solutions, service providers, and partners from the private, public and
NGO sectors who can help them develop and implement their Resilience
Strategies

(iv) Membership of a global network of member cities who can learn from and help
each other.

Japan has a previous history of Tsunamis and earthquakes of extreme impacts. The
city of Sendai has been known as one of the top cities that have built climate resilient
infrastructure as a response to recurring earthquakes and tsunamis. The city also
displays one of the best examples of decentralised planning efforts where the local
government built its own infrastructural assets that included telecommunications,
roads and railways. The decentralised nature of infrastructure development not only
accelerated the implementation process through improved governance but also
prevented corruption in service delivery. Many other Japanese cities have been
known to collaborate with private-sector players through public—private partnerships
arrangements that have worked very well in building resilience of large infrastruc-
ture in Japanese cities (Chirisa et al. 2016).

Similar to these, Many Latin American cities such as Mexico, Sao Paulo and
Paraguay have built resilient infrastructure through integrating them with the urban
development plans (Chirisa et al. 2016). My Neighbourhood Programme (Programa
Barrio Mio) in the Lima City Council in Peru is a settlement upgrading initiative
with an overall budget of a $30 million. The programme involves construction of
physical assets that foster resilience like stairways and defence walls; and social
infrastructure such as sports, cultural and community centres. These are often
combined with reforestation and urban reorganisation to mitigate risk and prevent
disasters.
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10.7 Challenges in Building Resilient Infrastructure

While some of the cities in the developing world, particularly in Asia, have shown
leadership and innovation in building resilience of their urban infrastructure, most of
the African cities are known to face formidable challenges of building and
maintaining resilient infrastructure. Innocent (Chirisa et al. 2016) in her paper
attributes it to civil disturbances and stagnating urban economies that have not
only led to urban poverty but also has led the governments to ignore considerations
for resilient infrastructure development and climate change given the priorities of
service delivery to ever increasing urban population.

Chang et al. (2014) in his paper attributes the challenges to fostering resilience in
infrastructure sector to three noteworthy considerations;

1. There is often a conflict of interests between infrastructure providers (builders)
and infrastructure managers. While the managers (city government that is respon-
sible for maintaining and operating infrastructure) are more concerned about
minimising investments, repair costs and revenue losses, the infrastructure pro-
viders do not have many incentives to think and plan for future disruptions of the
infrastructure they are building or even the impact of disruption of infrastructure
on other dependent infrastructure. Besides this, retrofitting existing infrastructure
to become resilient is not considered as a cost effective strategy in spite of its
social value.

2. There are many barriers to information sharing when it comes to large infrastruc-
ture or system of infrastructure as a whole due to various reasons. Most of the
western developed world would restrict data sharing for security concerns, while
many small and medium sized cities in the developing world would not have
enough capacity and expertise to collect and maintain dynamic data that is useful
for understanding risks and building resilience.

3. One of the challenges to building resilience comes from the fact that most of the
infrastructure managers do not have direct experience of a disaster, hence in their
limited capacity, most of the time, infrastructure are neither constructed to be
resilient nor are their operations attuned to being resilient to short or long term
climate disruptions. One of the problems is also that most of the individual
infrastructure providers do not have a clear understanding of impacts of the
infrastructure to the regional or system of infrastructure within the influence
zone of infrastructure they build.

All these lead to under investment in building resilience. Another barrier in resilient
infrastructure planning is lack of capacity as well as lack of integrated planning
practices where land use planning, economic development planning and disaster
resilience planning are interventions most often taken up in silos. This leads to
pockets of good and bad infrastructure, more often, networks of incomplete infra-
structure that lead to a system failure in cities. One of the examples is the frequent
flash floods in most of the large Indian cities during monsoon.
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10.8 Conclusion and Way Forward

10.8.1 Policy Implications and Conclusions

A number of strategies can be used in promoting resilience in cities. Improving
urban infrastructure is one of the foremost priorities in improving the city systems-
that constitute a city’s structure and control or foster the city’s functions. In most of
the cases in systems failures in urban areas in the developing country context, the
causes are often related to substandard construction, lack of maintenance and aging
infrastructure within an already weak network. To foster this it is pertinent to create
effective, pro-poor structures of governance, while also building the capacity of
communities to address these challenges (Dodman 2009).
The critical success factors would essentially include;

1. Strengthening livelihoods (natural resource management; provision of basic
services; infrastructure development),

2. Good urban governance (regulatory frameworks; planning for growth),

3. Financial tools including credits, insurance, and incentives for building resilience
into infrastructure planning and design that are linked to financial assistance for
infrastructure.

4. Eco- system management (protected areas; payments for ecosystem services) and

5. Community- based risk reduction approaches

Box 10.4 Smart Cities for Climate Resilience

Smart City Mission is a great opportunity to fix the problems of urban India
and build functional economically thriving, environmentally sustainable and
climate resilient cities that offer great quality of life to its citizens and is just
safe and liveable.

There is a need to make use of the State Action Plan on climate change that
draw out state and district level risks and vulnerabilities which could be used
as a starting point to plan resilience for city regions.

Integration of disaster risk reduction and climate resilience (including
adaptation and mitigation) into the city development plans and city land use
plans should be made mandatory.

Institutional synergies and systems to achieve the same have to be created
afresh so that the challenges and sometimes the pretension for inaction can be
avoided and reduced.

Urban infrastructure projects need to be climate proofed and looked at
through a climate lens before planning. Resilience measures both structural
and institutional have to be integrated in infrastructure planning and city
planning in Smart Cities.



10 Climate Resilient Infrastructure in Developing Countries 225

A good reference point for the purpose of this paper could be The European
Commission’s guidelines on resilient infrastructure building, which European cities
have to comply with in order to boost their resilience. The guidelines provide a range
of measures classified in the White Paper entitled ‘Adapting to Climate Change:
Towards a European Framework for Action’ (European Commission 2009). The
white paper strategizes infrastructure resilience as a function of:

1. Building ‘grey infrastructure’ that is related to physical interventions or construc-
tion measures and using engineering services to make buildings and infrastructure
that can withstanding extreme events,

2. Build ‘green infrastructure’ that increases ecosystems resilience, reduces biodi-
versity loss, waste of water and degradation of ecosystem and,

3. Build ‘soft measures’ that consist of policies, plans, programs and procedures
implemented for ascertaining mainstreaming of infrastructure resilience and
integrated urban planning practices. This also calls for influencing behavioural
changes that can contribute to increase adaptive capacity in the wake of uncertain
future.

As reflected by the literature on this subject and subsequent discussions made in this
chapter, some of the important considerations for policies on infrastructure resilience
would include:

(i) Looking at peri —urban and urban ecosystems that help in reducing vulnerabil-
ity of city regions by acting as buffers and sponges to some of the extreme
events like floods. Peri Urban areas are described as ‘transition or interaction
zone, where urban and rural activities are juxtaposed, and landscape features
are subject to rapid modifications, inducing by human activities’ (Douglas
2006). The better we maintain these buffers and allow for development of
these buffers the better equipped we will be to avoid extreme risks.

(i1) Infrastructure of any kind cannot be looked at in isolation. There are regional
impacts and reach of infrastructure like roads, telecommunication and even
energy. Resilience in infrastructure would therefore mean looking beyond the
boundaries of cities and understand these regional non local linkages to main-
tain functionality of infrastructure and to build robustness to the network of
systems.

(iii) Urban transformation has been rapid and organic in most of the developing
world’s cities. Changing land use and landscape of urban areas is therefore
critical to building infrastructure resilience while updating old infrastructure or
creating new ones. Location of a structurally robust infrastructure in a risky
region may not help in the long run as functionality may be affected negatively
during extreme events.

(iv) Structural resilience and robustness is important to contain the casualty at the
time of calamity, is helpful in evacuation, and aids safe failure if nothing works.
Therefore design and material aspect of infrastructure should be one of the
considerations. Building codes, structural standards could help a great deal in
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tweaking site specific and infrastructure specific design parameters to respond
to climate risk factors.

(v) More importantly functionality of infrastructure during a calamity is the core
concern rather than only looking at structural safety. Hence a broader frame-
work that allows for functionality of critical infrastructure has to be built. This
not only includes emergency services and evacuation plans, but also links to
avoiding system failures like telecommunication and water availability.

(vi) The Ministry of Housing and Urban Affairs, Government of India is setting up
Climate Smart Cities Alliance and has come up with sets of robust indicators
that smart cities will use to assess their progress towards developing climate
smart. These include both mitigation and adaptation measures. This is a
welcome step to create lighthouse cities that other cities can learn from as
well as will build resilience in the long term within the fast-growing urban
centres from climate impacts. These indicators also touch upon resilience of
urban infrastructure and systems in detail.

Urban development in India, is a State Subject. Therefore, state level policies
and interventions go a long way in creating sustainable climate resilient cities and
ensuring that particularly large and critical infrastructure is designed, located and
built to mitigate climate risks. Then there are standards and bye laws present as a rule
book to follow but implementation is weak at local level. This is an institutional issue
and needs to be tackled through strong penalties and monitoring. In other parts of the
world models for risk insurance of large infrastructure have been designed and
applied. It is high time Indian authorities start looking at risk insurance in the
infrastructure sector. SAPCC have been criticised for not accommodating sustain-
able habitats and urban centres into its policies adequately. However, in the recent
past, string steps such as the climate smart cities initiative of MoHUA instil
some hope.
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Climate Change Adaptation in Industrial gz
Areas for Disaster Resilience
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Abstract Climate is changing, and effects can be seen across the world. The
climatic disturbances triggered due to earth’s heating is putting industrial areas at
risk. The effect of this can be seen in the form of decreased industrial productivity,
decreased labor productivity and increased risk of natural disasters. India has
witnessed many disasters triggered due to Climate Change. In 2015 there were
nearly 3000 deaths in Andhra Pradesh and Telangana because of heat waves.
Urban Heat Island effect has been observed in Gujarat, resulting in the rise of
local temperature and posing severe risk in agricultural sector. Adaptation to these
climatic events is the challenge for a more sustainable and safe future. The present
paper focuses on industrial risks associated with climatic hazards, their possible
impacts on industrial areas and explains the possible adaptation strategies to reduce
hazards vulnerability by taking examples of three states viz. Gujarat, Andhra
Pradesh, and Telangana. High exposure to hazards, improper planning of the
areas, increased population and urbanization are some of the causes associated
with increased risks in these industrial areas. Designing industrial areas based on
the principal of Eco-Industrial Parks ensures sustainability with integration of social,
economic and environemntal quality aspects.
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11.1 Introduction

Climate Change is posing severe risks for industrial areas. Changing climate is
leading to raise in temperature, variation in precipitation rates, changes in wind
direction and velocity and an increased frequency of cyclones. These changes are
driving serious risks on industrial buildings, industrial production, businesses and
employees.

There have been many evidences, which show the impacts of Climate Changes on
industrial areas. The 21st century has seen slowing of growth rate of industrial
production in Finland from 6% (from 1925 to 2000) to 3% (SYKE n.d.). As per
Climate Change Risk Assessment 2017 Evidence Report, UK heat wave of 2003 has
caused business losses of £400—500 million. Climate Change is inducing severe
risks for industrial sector in India also. India has witnessed many disasters triggered
due to Climate Change. Heat waves lead to nearly 2,500 deaths in Telangana (Heat
Wave Action Plan 2018, Government of Telangana) and Andhra Pradesh in 2003
and nearly 3,000 deaths in 2015. Drought of 2015 in Telangana has affected 10 out
of 13 districts and resulted in reduction in water level to 50 % lower than long-term
means in major reservoirs (EPTRI, Sate Action Plan on Climate Change for
Telangana State 2015). As per reports, highly erratic rainfall pattern has been
observed in Gujarat since last couple of years and has posed pressure in the
productivity of agricultural crops (TERI and GIZ 2014). Studies suggests that this
state is expected to lose 40% of coconut yield because of rising temperature (MoEF
2010). In Tamil Nadu, Chennai’s devastating flood of 2015 had taken away the lives
of around 500 people, displaced over 18 lakhs of people and damaged approximately
3.8 lakhs hectares of agricultural land (Narasimhan et al. 2016). Catastrophic flood
of 2018 in Kerala that started in July and continues till August is said to be the worst
calamity in the last 100 years, and has caused damages of around $3 billion (Anand
2018). Reports suggested that many Indian states are vulnerable to cyclones, storm
surges, floods, drought and climate extremity. Approximately, 44% of the Andhra
Pradesh State is vulnerable to cyclonic storms (NDMA n.d.). it has been observed in
Andhra Pradesh that due to rise in rainfall intensity, problems of floods, spilling of
smaller rivers and drainage problems in delta areas are being observed (EPTRI, State
Action Plan on Climate Change for Telangana State 2015). Adaptation to these
changes and risks is essential to combat serious risks associated with these events.
Climate Change Adaptation has the potential to deal with these changes by reducing
the vulnerability associated with climatic events.

The chapter Climate Change Adaptation for Disaster Resilience in Industrial
Areas illustrates some of the risks associated with Climate Change to Industrial Park,
their possible impacts, possible Climate Change Adaptation strategies to address
Climate Change by considering case studies of Andhra Pradesh, Telangana, and
Gujarat.
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11.2 Risks for Industries and Industrial Parks from
Climate Change

11.2.1 Availability of Natural Resources

Climate Change has added stress on availability of natural resources. Due to Climate
Change, a shift in weather pattern and climate has been observed. On top of this,
Climate Change has increased the frequency of natural disasters including drought,
forest fire, pests, and increased the invasive species risks. Rise in temperature has
shifted the distribution of trees species (Long 2014). Due to the decrease in avail-
ability of natural resources, the raw materials and supply chains to industries get
severely affected posing threats to the survival of the industry itself.

11.2.2 Work Productivity

Global temperature rise increases outside and indoor heat stress. This increased heat
stress can cause health and productivity problems. Excessive temperature reduces
the person’s ability to work, and for India about 4-6% of loss of working hour in a
year is expected by 2025 (Seelig et al. 2018). High body temperature causes
dehydration, exhaustion, and in some cases, it can even cause person’s death. To
avoid this, it is advised to reduce worker’s working hours (Kjellstrom et al. 2016).
However, this solution may not be adequate for the affected industries and may
require other adapation measures to overcome the risks associated.

11.2.3 Buildings and Infrastructure

Climate Change related induced disasters, e.g. floods, heat waves and high wind
velocities can severely affect design life and performance of buildings. These
extreme events demand for modified building designs, new construction material
and techniques, so that the industrial area get adapted to these risks without
compromising on overall productivity and building design life.

11.2.4 Energy Requirement

Temperature rise causes increase in energy demand due to increased air-conditioning
requirements and increase in cooling requirements of water. Extreme climate also
increases power outage, as change in summer and winter durations can decrease
network reliability (Finley and Schuchard 2011). This calls for designing energy-
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efficient building and utilization of clean energy as the energy source for the
industrial areas.

11.2.5 Transportation and Logistics Operation

Increase frequency and intensity of extreme weather events can cause disruption in
industrial logistics operation. The events like heat waves, increased precipitation
rates which can cause delays in logistics by causing failure in land-based, air, and
marine transportation systems. These events also reduce the life expectancy of roads
(EPA 2017).

11.2.6 Risk from Natural Disasters

Industries will be exposed to disasters from floods, cyclones and winds. These
disasters would affect factory buildings, roads, electricity installations and could
also lead to pollution risks due to washing-off of waste dumps, chemical spills,
damage to chemicals storage tanks etc. There is a need to take adaptation measures.
Climate Change Adaptation (CCA) is a series of multiple steps and has various
possibilities, to choose the best adaptation option it is essential to assess risk.

11.3 Risk Assessment

Risk Assessment is the process of analyzing the impacts, occurrence frequency and
response to the consequences of Climate Change events. The key steps involved in
risk assessment are:

» Define the system of interest — industry and/or industrial park (IP). The generic
information about the industry and/ or industrial park including name, zone, area,
type of the industry and/ or IP, population etc. need to be collected during this
phase

 Identify prevailing climatic hazards in the chosen system of interest, for example
in Telangana the climatic hazards are heat waves, droughts and heavy rains

* Collect information on past exposure to climatic hazards including its severity
(e.g. very severe, severe, moderate, slight, very slight), frequency, change/
increase in frequency observed. Based on the collected information, and combi-
nation of spatial and temporal exposure, classification of IP’s exposure has to be
done in the classes (very low)-low — medium — high — (very high). Refer
Table 11.1, to understand the classification of exposure based on temporal and
spatial exposure matrix:
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Table 11.1 Exposure classification matrix
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Spatial dimension
Exposure Low Medium High
Temporal dimension Low Low Low Medium
Medium Low Medium High
High Medium High High
Table 11.2 Impact classifi- Susceptibility
cation matrix Expected impact Low Medium High
Exposure Low Low Low Medium
Medium Low Medium High
High Medium High High
Table 11.3 Vulnerability Resilience
classification matrix Vulnerability Low Medium | High
Impact Low Low Low Medium
Medium Low Medium High
High Medium High High

Collect information on impacts observed in the past on humans, infrastructure and
buildings, water/energy supply and waste management services, operations and
supply chain

Collect information on existing resilience of the industry/IP including economic
status of the IP and preliminary information on its capability to adapt to climate
change. The output of the process is the classification of resilience into classes:
low, medium, high

Collect information on susceptibility of components of industries/IPs (e.g., build-
ings, roads, drainage systems, energy and water supply, greenery, industrial
community at site, workforce, operations etc.) and categorize the susceptibility
in the classes: low, medium, high

On the basis of exposure and susceptibility, the classification of expected impacts
can be done as explained in the Table 11.2:

Combine the information of impact and resilience to determine the vulnerability,
as also explained in Table 11.3

Analyse the risk by combining the vulnerability, with the probability of events
occurrence and expected impacts. Figure 11.1 summarizes the factors on which
industrial risks depends.
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HAZARDS
Climatic or other

INDUSTRY & INDUSTRIAL PARK

SUSCEPTIBILITY
EXPOSURE and FRAGILITY

(temporal & spatial) (physical, ecological,
social, economic,
cultural, institutional)

IMPACT

VULNERABILITY

RESILIENCE

Capacity to Capacity to Capacity to
anticipate cope recover

Fig. 11.1 Factors affecting industrial risks (Source: Welle 2011)

11.4 Eco-Industrial Park

An Eco Industrial Park can be defined as a dedicated area for industrial use at a
suitable site that ensures sustainability with integration of social, economic and
environemntal quality aspects into its siting, planning, management and operaitons.
The Deutsche Gesellschaft fiir Internationale Zusammenarbeit (GIZ) GmbH, the
World Bank and UNIDO have brought out International Framework for Eco Indus-
trial Parksthat has various performance parameters, which are to be intergated into
industrial aprks to qualify them as Eco Industrial Parks. CCA aspects are intergral
part of this document.

Eco-Industrial Parks should follow the principals of green buildings. Green
buildings promote low carbon material and techniques, requiring significantly less
amount of energy and relatively decrease energy cost. Some of the aspects that could
be covered include:
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11.4.1 Passive Designs for Industrial Parks

Passive designing is the way of designing the buildings, which leads to the less
consumption of energy by taking advantage of technological innovation including
natural movement of heat and air, passive solar gain, better insulation etc (van Dam
and van Huet 2015). Passive building designs takes benefit of five principals that
include: orientation, overhangs and shadings, insulation, double or triple glaz-
ing, and thermal mass (ESRU 2010). Industrial Parks to be designed with passive
housing techniques require a well-insulated building envelope with a ventilation
system that can recover heat from the exhaust air. The section below, takes reference
from ESRU (2010), and explains some of the design principles, which should be
kept in mind while designing the Industrial Park.

11.4.1.1 Orientation

Correct orientation of facade of industrial areas is necessary for summer cooling
conditions. The basic principle here is the orientation of southern fagade of the
building towards the equator in the northern hemisphere and northern facade of the
building towards the north in the southern hemisphere. The longer dimension of the
building should be in east/ west direction for maximizing solar gain. This orientation
is also advantageous for summer cooling conditions because it minimizes the east-
west facades to morning and afternoon sunlight (ESRU 2010).

11.4.1.2 Overhangs and Shading

Overhangs and shading are important components of passive architecture. Proper
sizing of overhangs and shading is required for reducing heating during summers
and reduces heating requirement during winters. Some general recommendations
have been listed just below:

* Limit the number of east and west windows because they are very difficult to
shade compared to the south side

» North facades receive very less solar radiation hence can be avoided for shading

» Interior shading devices, such as Venetian blinds or vertical louvers, might be
used to control glare, however exterior shadings must be included since the
interior ones have already admitted the solar gain in.

11.4.1.3 Insulations

Well-insulated buildings minimize heat loss during winters and keeps interior cool in
summers. Insulators being bad conductor of heat forms a barrier between exterior
and interior spaces. Use of low emissivity roofing paints, high performing glazing,
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and strategic plantation are some of the ways of doing it (Snow and Prasad 2011).
Heat loss w.r.t. insulation is represented by U-value, which represents how much
heat in Watts is lost per m? at a standard temperature difference (ESRU 2010).
Insulation can be done in walls, floors and roofs of the building in the Industrial
Parks (IP). R-value determines the resistance to heat flow; higher the value higher the
resistance.

11.4.1.4 Windows

Glazed windows are important component in passive architecture as they store heat
and light and provide natural ventilation. Windows can also be used for maximizing
daylighting, helping in using daylight as the primary source of lightning for indus-
tries resulting in less consumption of energy. Positing of windows is important in
this regard. Maximizing the windows in the southern fagade helps in achieving the
maximum solar gain and minimizing in the northern fagade helps against cold during
winters. Type of glazing is of importance for insulation purpose. Double/triple
glazed windows can be used depending on the requirement and site location.

11.4.1.5 Thermal Mass

Thermal mass takes benefit of solid or liquid mass which absorbs and store warmth
and releases it when is needed. For this, the following can be used:

* Brick, tile or thick concrete floors
» Large brick or stone internal fireplace or an interior wall made of adobe or brick
* Masonry or concrete wall or water filled containers (called a Tube Wall).

11.4.2 Infrastructure of Industrial Parks

The support infrastructure of the industrial area should be well planned. The
infrastructural components designing is well explained in MoEFCC and EPTRI
(2015). The infrastructural components of Industrial Parks generally include trans-
portation, parking, energy and water supplies etc.

11.4.2.1 Transportation

Public transport mode should be encouraged to the Industrial Park. The pedestrian
paths should be integrated with the green pathways to provide a natural, attractive
and safe option of travel. Provision of amenities to encourage pedestrian movement,
such as benches, street trees, waste receptacles, street lighting, and shelter at public
areas should be included.
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11.4.2.2 Parking

Provisions for proper parking, based on hierarchy, purpose, safety accessibility and
space standard should be included. To avoid truck parking and busses on-street in a
haphazard manner, organized parking to be allocated in the industrial area (overnight
stay), zone/cluster level (temporary stay) and plot level (loading/unloading).

11.4.2.3 Common Infrastructure Services

These includes administrative buildings, banks, post office, kiosks, and other com-
mon infrastructure services in the industrial park as support services to be planned
and implemented.

11.4.2.4 Energy/Power Supply

Energy efficient and renewable energy can be used to improve the efficiency of the
power in industrial areas. Crucial would be resilient systems of energy supply
i.e. backdrop solutions in case main power supply will fail which is important to
bridge for cooling, communication and human health. Utilization of solar parks,
solar benches, and solar panels can be done to optimize the use of renewable energy.

11.4.2.5 Water Management

Industrial Park should have storm water collection system to avoid excessive
discharge and water contamination. Decentralized flood management system shall
be there, so that planning can be proposed depending on the site location, topogra-
phy and slope. Lined surface/ treated porous surface can be used for collection
purpose. Collected water shall be utilized (after treatment if required) for industrial
purposes depending on the water quality.

11.4.2.6 Plantation and Landscaping

Green corridor should be planned within industrial areas. Wherever possible native
species of trees and shrubs should be planted and a maintenance system installed for
proper management of the greeneries.

11.5 Climate Change Adaptation for Industries

Climate Change Adaption (CCA) is the process of responding to Climate Change
impacts to reduce risk and vulnerability associated (VCCCAR 2018). Adaptation
planning refers to identifying measures and planning implementation of the
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Table 11.4 Basic profile of studied states

A. K. Gupta et al.

Parameters Andhra Pradesh Telangana Gujarat
Location | Latitude 12°41° to 22° N 15°46° to 19°47° | 20°6° N to 24°42° N
N
Longitude 77° and 84°40° E | 77°16’ to 81°43” | 68°10° E to 74°28” E
Geographical Area 275,045 114,840 196,024
(km®)
Climate | Avg. Rain- | 906 906 1107
fall (mm)
Temperature | Winters: 14-22 ° | Winters: 1317 ° | Winters: 12-29 °C
C C Summers: 3049 °C
Summers:30-47 © | Summers: 4043
C °C
Coastline 974 km - 1663 km
Landform Hilly, plateau, Plateau, hills alluvial plains, hilly areas,
highlands, Coast- highlands, desert areas,
line areas coastline areas
Prevailing Climatic Floods, cyclones, | Floods, Floods, cyclones, droughts,
Hazards droughts, heat cyclones, heat stress
stress droughts, heat
stress

Source: (EPTRI, State Action Plan on Climate Change for Andhra Pradesh 2012; EPTRI, State
Action Plan on Climate Change for Telangana state 2015; TERI and GIZ 2014)

identified measures to reduce Climate Change related risks and vulnerabilities
(Kabischet et al. 2015).

11.5.1 Case Studies

This chapter Climate Change Adaptation for Disaster Resilience in Industrial
Areas attempts to explain Climate Change Adaptation methodology for Industrial
Parks considering three industrial states, which are Andhra Pradesh, Telangana and
Gujarat.

Andhra Pradesh and Telangana are Indian states located in the southern part of
India. These states have tropical climate with moderate to subtropical weather.
Gujarat is in the western part of India. Table 11.4 explains the state profile of Andhra
Pradesh, Telangana and Gujarat.

11.5.1.1 Case Study 1: Andhra Pradesh and Telangana

Andhra Pradesh and Telangana are vulnerable to multiple hazards including
cyclones, storms, floods, droughts, heat waves etc. Andhra Pradesh’s districts
situated near coastal area are highly prone to cyclones. As per reports, more than
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Existing risk in Andhra Pradesh and Telangana
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+  Contamination in
drinking water

electric supply

Fig. 11.2 Existing hazards risks and their possible impacts (EPTRI, State Action Plan on Climate
Change for Andhra Pradesh 2012; EPTRI State Action Plan on Climate Change for Telangana State
2015)

100 cyclones have hit the State of which 31 were reported severe. The frequency and
intensity of their occurrence will rise in future (EPTRI, State Action Plan on Climate
Change for Andhra Pradesh 2012). The report also states that the 44% of its area is
vulnerable to tropical storms. The uneven distribution of rainfall in Andhra Pradesh
and Telangana makes some states highly vulnerable with heavy rainfall. Heavy
rainfall triggers flood events, and if drainage system is not intelligently designed,
these events can cause heavy loss to life and property. The delta region of Krishna
River and Godavari River are more prone to these events (Kabisch et al. 2015).
Droughts are also frequent here in these States. Heat waves are also common, with a
temperature maximum of 48.8 °C is recorded in 2002 (Kabisch et al. 2015).
Figure 11.2 explains the existing hazards in Andhra Pradesh and Telangana, risks,
and their possible impacts.

Inadequately planned areas will have comparatively very high risks associated
with climatic change. For example, poorly designed drainage system will not be
adequate in accommodating water accumulated due to heavy rainfall and this will
lead to infrastructural damages. Timely adaptation to these risks can help industries
in reducing the impacts associated with these events.

At the state level, SAPCC of Telangana and Andhra Pradesh identifies the
industrial sector impacted by climate change. However, the focus is primarily on
mitigation activities and not on adaptation activities. This chapter highlights the
CCA strategies that can be adopted for disaster resilience in Industrial Parks.



242 A. K. Gupta et al.

The fundamental action of choosing CCA strategies needed is to reduce the risk
associated with the hazardous events. Adaptation options are well defined in CCA
for Sustainable Industrial Development by GIZ (Kabisch et al. 2015).
Section 11.5.3, CCA Measures of this chapter covers the variety of option that can
be considered for building Climate Resilient Industrial Park

11.5.1.2 Case Study 2: Gujarat

Naroda is in the northeast of central part of Ahmedabad, Gujarat. Naroda industrial
area was established in 1980s, accommodating around 1200 industries. Based on the
risk profile and vulnerability the prevailing hazards in Gujarat includes floods, heat
waves and increasing temperature (refer Fig. 11.3). Studies have shown that tem-
perature of industrial areas and dense urban area is much higher than the suburb
areas of Ahmedabad (Joshi et al. 2015).

As can be seen from the above illustration (Fig. 11.3), that the primary causes for
flooding and heat islands is the inadequate infrastructure and improper planning.
Vehicular load increase has also been observed over last couple of years
(Shodhganga 2010), and contributes to an increasing heat stress in Gujarat as
shown in Fig. 11.4. The climatic risks can have serious impacts on industrial
areas, some of them are explained below:

* Analysis results of Kabisch et al. (2015) shows that approx. 50 industries are at
risk due to floods. The number can go up to 300 in case of severe flooding

Existing risk in Gujarat Industrial Areas

|
' }

Floods Heat Islands

Possible reasons

l |

* Exposure to heavy rainfall * Unsustainable planning

» Insufficient Infrastructure * Increase in vehicular and
(e.g. lack of proper drainage industrial emissions
system) * Increase in urban population

* Environmental issues (e.g. no
water absorption capacity of
ground)

Fig. 11.3 Concept prepared using information from Joshi et al. (2015) and Snow and Prasad
(2011)
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Vehicular Growth: A Major Source of Heat Emission in
Ahmedabad, Hyderabad and Bangalore
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Fig. 11.4 Increase in vehicle count in Ahmedabad city (Source: Shodhganga 2010)

» Temperature rise can labour productivity by adversely impacting the general

comfort of workers

The coming section explains the overall CCA approach, which can be followed to
build climate resilient Industrial Parks.

11.5.2 Adaptation Planning

Adaptation planning for existing industrial parks involves the following steps:

Collect information (e.g. the location, type of hazard the Industrial Park is
exposed to, return period of exposed hazard, resilience of Industrial Parks etc.)
Assessment of Climate Change risks (e.g. the expected impact of hazard and the
risk it can cause to Industrial Parks)

Identification of adaptation measures and their prioritisation (explained in the
coming section)

Cost-benefit analysis

Implementation planning including infrastructure delivery mechanisms, identifi-
cation of funding sources and their mobilisation, preparation of an implementa-
tion plan
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* Initiate implementation
* Operation and management, monitoring.

Adaptation planning for new industrial parks involves the following steps:

* Detailed Climate Risk Assessment (CRA)

* Costing and financing of concrete CCA Measures

» Formulation and selection of concrete CCA measures

» Communicate resilience as Unique Selling Point

* Include CRA as part of EIA

» Realization of CCA measures include CCA in organizational set-up and statutes.

A wide range of adaptation measures can be there depending on the industrial type
and location. Adaptation generally involves inclusion of combination of structural
(physical) or non-structural (non-physical) options (Kabisch et al. 2015). Physical
strategies involve enhancement in the building/infrastructural designs, modifying
operational aspects, and choosing site location wisely. Non-physical aspects on the
other hand includes improvement in the management/monitoring services, emer-
gency response programs, training staff, available insurance services etc. The adap-
tation measures are required to be integrated into a site master plan. The CCA
parameters for inclusion in the site master plan are given below:

11.5.2.1 High Wind Resistance

» Appropriate location for new IPs

» High wind resistant foundation design

* Growing vegetation in buffer zones

» Effective external cladding material

* Orientation and shape of buildings

* Anchoring of roofs

* High-wind responsive building design

* Cyclonic wind resistant doors and windows
» Construction of impact resistant structure

* Emergency service

11.5.2.2 Protection of Infrastructure

* Locating and planning of buildings and facilities
» Development of public notification plan

» Lightning detection system

* Lightning resilient building design and material
* Lightning protection system

» Protection to electrical facilities
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+ Installation and distribution of surge protection device
+ Planting and protection of tree

11.5.2.3 Planning Storm Surge Responsiveness

» Appropriate location for new IPs

» Storm-surge preventive building design

* Protective materials for walls and floors

* Planning an adequate building layout

* Storm-surge proof doors and window

* Access safety and road protection

» Construction of coastal protection measures
» Developing soft coastal protection measures

11.5.2.4 Reduction of Soil Erosion

» Demarcation of soil disturbance areas

» Construction of defences to control erosion
» Landscaping features to control erosion

* Erosion proof structural system

* Protection of drainage facilities

+ Interception of toxic wastes and pollutants
+ Stabilization and development of topsoil

* Planning Drainage Facilities

11.5.2.5 Prevention from Flood Water

 Suitable IP site selection and flood preventive layout
» Prevention of site using flood barrier

» Prevention of building using flood barrier

» Access/egress safety routes, signage and posts
* Protection and maintenance of roads

* Materials for water infiltration into ground

» Protection measures for electrical facilities

» Adaptive building design

* Sturdy foundation design

» Raising ground floor level

* Water-force resistant

+ Structures

* Flood-proofing the walls and floors

245
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* Flood-proofing doors and windows
* Providing means of evacuation

11.5.2.6 Ensuring Appropriate Site for Industrial Parks

* Locating IP at an appropriate site

* Storm-surge preventive building design

» Construction of coastal protection measures
* Protective materials for walls and floors

* Planning an adequate building layout

* Storm-surge proof doors and window

* Access safety and road protection

* Developing soft coastal protection measures

11.5.2.7 Cooling the Urban Realm

* Compact buildings

» Light coloured and reflective paving materials
* Open water and water features

» Trees and vegetation to provide shading

* Building to building shading

» Access to overheating relief

* Artificial shading

* Orientation of buildings to prevailing winds

» Green ventilation corridors

11.5.2.8 Cooling of Buildings

* Building insulation

* Thermal mass

* Renewably powered cooling systems
* Shading elements

» Reflective roofs and facades
* High performance glass

» Cross-ventilationn

» Evaporative cooling

+ Earth cooling

* Solar chimney

» Labour management

A. K. Gupta et al.
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11.5.2.9 Management of Water Stress

* Education relating to demand reduction measures
* Drip irrigation

» Rainwater storage and harvesting

* Waste water reuse technologies

* On-site storage

* Smart water metering

»  Water efficient fittings

» Level-controlledvalves

11.5.2.10 Planning for Resilient Infrastructure

* Modernization of transmission system
 Electricity storage

* Heat resilient energy technology

* Energy security, additional power capacity/supply
* Electricity Mix Diversification

» Cold storage facilities

11.5.3 CCA Measures

This section covers various adaptation options that can be adopted for prevailing
hazards in Andhra Pradesh, Telangana and Gujarat, which are floods, cyclones,
droughts and heat waves. The coming section is adopted from Engineering Mea-
sures for Planning and Resilience Measures for Climate Change Adaptation in
Industrial Parks (Kabisch, et al. 2016), which gives the detailed overview of
adaptation measures according to disaster type.

11.5.3.1 Adaptation Measures for Floods
Suitable Site Selection for Industrial Parks and Their Overall Layout

This is an important parameter in designing resilient IPs. This directly reduces the
exposure of hazards and facilitate cost reduction for making disaster resilient
industrial areas. The parameter to be considered includes contours map, slope,
drainage pattern, existing water bodies. These are the following design parameters,
which can be considered here:
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» Apply sequential approach, where medium to high risk areas can be used for
recreational purposes, amenities, non-emergency roads and other similar uses;
and low flood risk areas can be used for industries development.

» Land raising at sufficient height to prevent the impact of flood. If not possible
adequate flood routes and additional storage areas need to be designed.

» Flood Barrier Construction w.r.t to Landscape and Vegetation Cover. Designing
the site periphery in cut and mound manner helps in diverting the water flow away
from IP site.

* Low cost earth-embankments can also be created to serve as a barrier against
floodwater.

» Shallow ditches can also be constructed, facilitating water transportation through
the pipes.

* Green spaces reduce run-off and promotes interception of floodwater, hence more
amount of green spaces must be developed around roadside, recreational areas
and open areas.

Constructed Barriers

Floodwalls can be constructed at the site periphery, providing a permanent wall
against floodwater forces and inundation. 3—4 feet floodwalls are generally provided,
which can raise up-to 20 m depending on the flood risk and vulnerability.

Road Maintenance

As discussed in the previous sections, transportation network suffers considerable
disruption. Transportation network must be considered, and adequate protection
measures should be applied while designing climate resilient Industrial Park to
avoid delay in emergency services and essential supplies at the time of disastrous
events. Flowing are the recommendation, which can be followed to keep the roads in
operating conditions:

» Increase depressions/pits for preventing water accumulation towards industries

* Replace fixed pathways to removable ones, so reduce flood level

» Use permeable material for constructing roadways to facilitate interception of
floodwater into the ground

* Fix frequency of roads inspection and prioritize repairing work wherever needed.

Permeable Surface for Water Infiltration
Water percolation into ground (or diverted towards storage tanks) can significantly
reduce the intensity and impact of floods. Design specification are listed here:

* Use permeable material (of permeability of at least 0.3m level) around the
building for water percolation
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* The permeable bed should be lined with non-permeable material (e.g. clay) to
avoid water entering into the foundation zone

* Permeated water should be diverted into adequately dimensioned storage tanks to
prevent upward pressure on bottom of the building.

Electrical Facilities

Electrical facilities should be operational to avoid hindrances in rescue services
during emergencies. Following are important design recommendations:

» Essential facilities including (fire stations, power plants, water treatment plant
etc.) should be located at low risk areas. Also, power plants should be located at
higher level

* Position external electrical transformer at least 2m higher than expected flood
level

» Insulated conduits should be used for laying cables, should be located at height
higher than expected flood level

* Position of electrical panels, water supply and gas lines should be correctly
marked and known, for shutting them off whenever needed.

Drainage Facilities

Drainage system needs to be adequately designed to accommodate excess floodwa-
ter, sewer water etc. Here are the specifications:

» Drainage systems should be designed either to store the floodwater or should
facilitate diversion of water towards the storage tank. These systems should be
placed near infrastructure, buildings, roads and pavements

* Wider water and sewer system pipes can be installed to increase drainage
capacity. Screens can be used to avoid solid waste/ debris coming into the drain

* Check valve can be used to control the flow.

Buildings

There are multiple options to make buildings adaptable to the flooding impacts,
some of which are explained:

* Flood walls or embankments can be constructed to prevent storm water from
entering inside

» Use basement as non-living or ‘non-productive’ space at the sites with high flood
risk

» Use higher building for providing emergency shelters at upper floors
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* Adopt pile foundation to resist all base flood condition to avoid water
accumulation

* For single/double buildings raft foundation can be adopted

» Provide ground slabs at higher elevation, to avoid water entry inside. The slabs
should be heavy enough to resist buoyancy forces due to flooding conditions

* RCC shear walls may be provided depending on the flood risk

» For external cladding engineering bricks, such as fireclay (along with cement or
lime plaster paste as binding element) can be used because of their high-water
penetration and drying ability

» For internal cladding, cement plaster cement: sand/ lime ratio of 1:6:1 could be
used because of rapid drying ability.

Doors and Windows

Doors and windows are highly susceptible to floods. If broken by floods, it would
result in flooding of water directly into the building. Here are the recommendations,
which can be followed to make them more resistant to floods:

+ Install overhangs around doors/ windows to prevent infiltration

» Use PVC sealant stoppers at doors bottom edge; silicone sealants may be used
around doors and windows

» Timber doors should be avoided. Fiberglass plastic or other waterproof material
can be used for doors and windows.

Evacuation

Evacuation requires emergency relocation of the people away from the threat area.
To provide safe evacuation following processes can be implemented:

» Evacuation plans must be provided in every individual building

* Audible sirens/ boards should be installed. The sirens installed should be auto-
matically triggered by flood water

* Provisions for inflatable boats for transportation use during flooding.

11.5.3.2 Adaptation Measures for Cyclones/Storms
Suitable Site Selection for Industrial Parks and Their Overall Layout

Here are some recommendations for selecting location for Industrial Parks:

» Areas near to water bodies, mud flats, salt flats should be avoided. If not possible,
the site with the elevation higher than the possible, storm level should be chosen.
If higher elevation areas are not available, the buildings should be constructed on
stilts or on raised earthen mounds
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* To decrease wind load, rough terrain, or flat terrain with obstructions can be used
* Ridges should not be chosen, because they experience accentuation of wind
velocity. On the other hand, valleys experience lower velocity.

Vegetation Cover

Vegetation acts as natural barriers against cyclones. The inclusion of following
recommendations while designing the Industrial Parks may be suitable:

* Loosely dense and low height vegetation should be in the front position seaward
side. The medium dense and moderate height plants should be in the middle
position and finally the densest and tallest trees should be planned after the
medium height mangrove row

* Multiple rows of trees, in three to four layers planted upwind act as an effective
shield against high winds. The influence of such a shield will be over a limited
distance, equivalent to 8 — 10 times the height of the trees. Hence distance of tree
from the buildings, must be kept 1.5 times the height of the tree to avoid building
damage due to broken trees

* Trees with trunk lesser than 6 inches of diameter are recommended to be planted
near site. As larger diameter trees can cause significant damage to the buildings.

Orientation and Shape

Shape of the building affects the wind pressure and the effective applied load to the
surfaces. The orientation of building should be in direction opposite to the wind
flow. The following recommendations may be considered while deciding the orien-
tation and shape of the building:

* Most recommended layout is circular, hexagonal, or octagonal. In case of square
shaped, few cantilevers can be included. Corners should be rounded for better
aerodynamic properties

* The best option is to have length and width ratio as 3:1

* Non-load-bearing walls and door and window frames should be designed in line
with the principles of rain-screen to minimize damages.

Buildings

 Taller buildings experiences higher wind forces and velocity. Therefore, for 2-3
story building optimum height of not more than 4m per story is preferable

» Walls should have vertical and horizontal reinforcing and filing to resist wind
loads

* Type of foundation recommended includes: slab/ raft foundation, stepped foun-
dation, short bored pile foundation, pad foundation

» Connections between roof and wall panels should be designed with adequate
uplift load resistance to prevent the wall panels from collapsing.
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Doors and Windows

* Openings in load bearing walls should not be within a distance of h/6 from inner
corner for the purpose of providing lateral support to cross walls, where ‘h’ is the
story height up to eave level

* Doors operable outward would be preferred as they would provide more resis-
tance to the wind flow compared to the doors operable inward

* Leakage can occur; therefore, window design should be done considering water
infiltration issues. Sealants could be used as the secondary line of defence against
water infiltration.

Evacuation

* Providing at least two means of site egress would be necessary. If one route
becomes blocked by trees or other debris, or by floodwaters, the other access
route would still be available

* If multiple buildings are occupied during a storm, it is recommended that
enclosed walkways be designed to connect the buildings

* Emergency and standby generators should be placed inside wind-borne-debris
resistant buildings.

11.5.4 Adaptation Measures for Droughts and Heat Waves
11.54.1 Green Corridor, Vegetation and Artificial Shading

Green corridors help in mitigating heat island effect by improving urban ventilation,
transporting colder and fresh air from outside into built up areas. Green ventilation
corridors designed along major prevailing wind directions will allow effective air
movements. Here are the recommendations to design green corridors:

* Green ventilation corridors should be continuous green spaces creating ecological
connectivity and improving biodiversity and animal species dispersal

» The design should offer multifunctional spaces deriving the maximum benefits
for the costs

* Local species of plants should be preferred

» If trees in public spaces are not applicable (e.g. due to ground/structural consid-
erations), artificial shading can be used such as pavilions, tents or sun umbrellas.

11.5.4.2 Orientation

To assure fresh air supply within Industrial Parks, both street pattern and buildings
should be oriented to prevailing winds. Likewise, the design of buildings should
avoid blocking prevailing winds. Here are suggestions that can be followed:
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* Main streets should be aligned in parallel or up to 30 degrees to wind direction to
maximize the penetration of winds

» The alignment of the longer frontage of plots should be in parallel to the wind
direction to increase the ventilation

* Roads should be wide enough to allow for good ventilation

 Site design should also allow for north south orientation of buildings for mini-
mum heat gain.

11.5.4.3 Building to Building Shading

The height of buildings and the dimensions between buildings will have shading
effect, which will help to reduce temperatures and increase the thermal comfort. Here
is some technical detailing:

» The building height to street width ratio (H/W-Ratio) gives orientation. The
higher the ratio, the more effective is the building layout to minimize heat gains

* The exact dimensioning of the urban geometry can however only be determined
by considering the solar geometry in combination with street and buildings
orientation.

11.5.4.4 Open Water and Water Features

Water reduces the local temperature through evaporation. Water features can reduce
air temperature as well as create pleasant outdoor spaces.

11.5.4.5 Light Coloured and Reflective Paving Materials

Both color and type of material affect its temperature. Following are some of the
recommendations:

* Porous asphalt for roads and light-coloured brick should be considered for
pavements

» Coatings and grass paving are suitable pavement materials

* Areas that expect high traffic turning forces and heavy goods vehicle traffic are
not suited for its application.

11.5.4.6 Compact Building

Compact buildings lead to a low S/V ratio. The lower the S/V ratio the higher the
compactness of buildings and the lower the heat or cooling loss.
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11.5.5 Cost-Benefit Analysis

After all adaptation measures are identified, next step is the selection of the best
measure. The cost benefit analysis is the appropriate method to select the most
optimized option, by quantifying all the option, which involves calculating, and
comparing all the costs and benefits of an adaptation measure (Kabisch et al. 2016).
The analysis is explained by taking example of retrofitting existing toilets with water
efficient. Flush tank replacement needs initial investment. The replacement of flush
tank also decreases water consumption and hence the water cost of the Industrial
Park, as well as also makes it more resilient towards water scarcity. Let us take a
hypothetical scenario. The present information about the building is explained in
Box 11.1 and proposed water efficient scenario is explained in Box 11.2.

Box 11.1 Existing Flush Tank System
Office building area=1800 m*
Total no. of employees = 300
Working days in a year= 239
Visitor’s/day = 80
Total annual water consumption = 1116 m’
Water consumption in toilets = 61% of 1116= 681 m’
Water supply and wastewater tariff = 120 INR/m> = 81720 INR
Average flow of existing flush = 9 L per Flush
Total no. of toilets = 10

Box 11.2 Proposed Water Efficient Flush System
Average flow of water efficient flush = 4 L per Flush

Lifetime of new fitting = 5 years

Investment cost of replacing one flush tank = 1350 INR

Total cost of replacing 10 flush tanks= 13500 INR

Discount Rate = 9%

Percentage of saving per fitting = 55.6%

Average annual water savings = 378.3 m’

Average annual savings = 45400 INR

Discounted benefits over life time* = 192483.28 INR, calculated b