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Executive Summary

A COMPREHENSIVE ROADMAP FOR
MULTI-HAZARD CLIMATE RESILIENCE

Integrating Eleven Hazard Domains - Floods - Drought - Earthquakes - Heat -
Cold - Lightning - Water security: Ecosystems + Urban Risk - Building Safety -

Climate Change

Editor: Prof. Anil Kumar

Professor of Practice | National Institute of Technical
Teachers’ Training & Research (NITTTR) Kolkata

Bihar is at a decisive crossroads. Home to over 120 million people and
one of India’s most densely populated and economically challenged states, it
faces a convergence of natural hazards unlike almost any other region on Earth
— annual floods, recurring droughts, earthquake exposure, intensifying heat-
waves, cold waves, deadly lightning, and accelerating urban and ecosystem
risks, all compounded by the accelerating force of climate change. This book
provides the most comprehensive integrated resilience framework Bihar has
ever had. This Executive Summary distils the essential findings, risk profiles,
and priority actions from all eleven chapters — and frames the single most
important conclusion: Bihar’s development and Bihar’s resilience are not
separate goals. They are the same goal.

120M+ 73% 79% 14/50 31,650cr 2047
Population State area Area in Most climate- | Lightning Vision —
exposed to flood-prone Seismic Zone | vulnerable framework Resilient
multi-hazard | (north Bihar) | IV-V India districts | investment Bihar for
risk in Bihar over 10 years Viksit Bharat
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THE BOOK AT A GLANCE: ELEVEN CHAPTERS, ONE
INTEGRATED VISION

This book addresses eleven interconnected dimensions of Bihar’s disaster

and climate risk landscape. Each chapter provides both a rigorous hazard analysis

and a practical resilience framework. Together they form a single integrated

architecture for building a climate-resilient Bihar.

Ch. | Chapter Title Core Risk Finding | Key Framework Primary Target
1 Multi-Hazard Risk Bihar ranks among | Multi-hazard A paradigm shift:
Landscape India’s most integrated risk from reactive
disaster-prone profile establishing relief to proactive,
states; risks cascade | the context for all cross-hazard
and compound subsequent chapters | risk reduction
across season and embedded in
geography development
2 Climate Risk Global warming Bihar Climate 70% fatality
Resilience intensifying all Risk Resilience reduction across
Framework hazards; Bihar’s Framework hazards; active
temperatures (BCRRF) —8 State Climate
+0.7°C, drought pillars: risk Action Plan by
+29%, extreme knowledge, 2026
events 53.75% rise | governance,
in lightning mainstreaming,
community,
infrastructure,
ecosystem, finance,
global alignment
3 Earthquake Risk 63.7% in Seismic Bihar Earthquake Zero earthquake-
Resilience Zone 1V; 15.2% Risk Resilience related building
in Zone V; 1934 Framework (BER2F) | collapses in
earthquake killed — seismic zonation, | newly constructed
10,000+; building retrofitting, code schools/hospitals
stock critically enforcement, by 2030
vulnerable community drills
4 Flood Risk 73% of north Integrated Flood 50% reduction
Resilience Bihar flood-prone; Risk Resilience in annual
accounts for Framework across flood fatalities
30—40% of India’s 5 basins (Kosi, and displaced
total flood damage; | Bagmati, Gandak, population by
2008 Kosi event Kamla Balan, Budhi | 2035
affected 3.3M Gandak)




N\ I /
Executive Summary \

Ch. | Chapter Title Core Risk Finding | Key Framework Primary Target
5 Heat Risk Resilience | Temperatures rising; | Bihar Heat Near-zero heat
2019 heatwave Risk Resilience mortality through
killed 180+; 45°C Framework (BHR2F | comprehensive
regularly recorded; | @2047) — early Heat Action Plans
urban heat islands warning, health by 2035
intensifying systems, urban
greening, cool
infrastructure
6 Cold Risk Resilience | Cold waves kill Cold Risk Resilience | Cold-wave
more than heat Framework (CRRF | mortality reduced
in 23 of 38 years @2047) — shelter to near-zero;
(1980-2018); Bihar | networks, social universal cold
historically 2nd protection, livestock | shelter access by
most affected state; | care, governance 2035
homeless most at
risk
7 Water Risk Bihar’s flood- Bihar Water Universal safe
Resilience drought seesaw; Risk Resilience water access;
600M Indians Framework flood-drought
face water stress; (BW2RF) — balance through
arsenic/fluoride integrated basin ecosystem and
contamination; management, infrastructure
groundwater groundwater investment by
declining governance, water 2047
security for Viksit
Bharat
8 Ecosystem Risk Only 7% forest Ecosystem 4,526 wetlands
Resilience cover; wetlands Risk Resilience mapped and
declining Framework — protected; forest
(4.4%—<4% since wetland restoration, | cover at 17%
1990); Kanwar ahar-pyne revival, of state area;
Lake collapse; forest cover to ecosystem
biodiversity under 17%, biodiversity services restored
threat protection by 2035
9 Urban Risk 10 cities studied; Green-Grey-Blue Resilient,
Resilience rapid urbanisation; Urban Resilience climate-safe urban
Patna 2019 flood; Framework for 10 development

heat islands;
drainage failure;
earthquake and
WASH vulnerability

cities — sponge city
design, ecosystem
infrastructure,
climate-smart zoning

across Bihar’s 10
major cities by
2040
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Ch. | Chapter Title

Core Risk Finding

Key Framework

Primary Target

10 | Road Ahead —
Multi-Hazard

9 hazards must be
planned together;
reactive approach
inadequate;

Bihar needs

one governance

State Multi-

Hazard Resilience
Mission; Bihar Risk
Atlas; integrated
governance, finance,
and community

Bihar as a
national model for
integrated multi-
hazard resilience
by 2047

(April 2025); rural
poor most affected

pillars: EWS,
awareness, LPS,
shelters, research,
governance

backbone for all action
risks
11 | Lightning Risk 271+ deaths/year Bihar Lightning 70% reduction
Resilience (average); 2,937 Risk Resilience in lightning
deaths (2014-2024); | Framework fatalities by 2035;
99 deaths in 6 days | (BLRRF) —6 near-zero deaths

by 2040 (11,650
crore over 10
years)

2.  BIHAR’S MULTI-HAZARD RISK REALITY: THE SCALE OF
THE CHALLENGE

Bihar’s disaster risk profile is not a collection of separate problems - it is a
single, deeply interconnected system in which each hazard amplifies every other.
Understanding this system as a whole is the essential first step toward building
genuine resilience.

2.1 The Physical Risk Context

Bihar’s geography places it at the intersection of multiple powerful hazard
drivers. The state sits downstream of the Himalayan rivers that carry enormous
water and sediment loads from Nepal, directly on the boundary zone of two
tectonic plates, in the primary moisture corridor of Bay of Bengal convective
systems, and within the thermal envelope of the Indo-Gangetic plain’s intensifying

heat regime.

Hazard Exposure Statistics Trend Under Climate Change
Floods 73% of north Bihar area flood-prone; | Extreme rainfall events projected to
30-40% of India’s flood damages; double-to-quadruple by 2050; trans-
3.3M affected in 2008 Kosi event boundary flood risk increasing
Droughts 29% increase in drought incidence Longer dry spells; soil moisture
over 2 decades; parts of south Bihar | depletion accelerating; drought-flood
drought-prone every year seesaw intensifying
Earthquakes 63.7% in Zone 1V; 15.2% in Zone No change in seismic hazard;
V (very high risk); 1934 earthquake | population growth increases
>10,000 deaths exposure continuously
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22); 345 deaths in 2023; 99 deaths in
6 days (April 2025)

Hazard Exposure Statistics Trend Under Climate Change

Heat-waves 45°C+ regularly; 2019 heat By 2040: +1.5°C more than today;
event killed 180+; 2024 Gaya— 45°C events becoming annual norm
Aurangabad: 47°C in south Bihar

Cold waves Bihar historically 2nd most affected | Winters shortening but cold wave
state (1980-2018); cold kills more intensity remaining dangerous for
than heat in 23/38 years vulnerable populations

Lightning 271 average annual deaths (2017— 12% more lightning per 1°C

warming; season expanding into
April; geographic spread widening

Water stress

Flood-drought paradox; arsenic in
north; fluoride in south; groundwater
declining; 600M Indians water-
stressed

Both extremes intensifying;
groundwater depletion accelerating
under higher temperatures

Ecosystem loss

7% forest cover; wetlands from 4.4%
to <4% (1990-2025); Kanwar Lake
collapse; biodiversity declining

Further degradation expected;
ecosystem buffers weakening
precisely when climate extremes
intensify

Urban risk 10 cities growing rapidly; Patna Urban heat island intensification;
2019 floods; heat islands; unplanned | more frequent urban pluvial floods;
drainage; seismic vulnerability groundwater-related liquefaction risk

2.2 The Vulnerability Dimension: Why Hazards Become Disasters

In Bihar, the transformation of natural hazards into human catastrophes
is not inevitable - it is the consequence of vulnerabilities that are, in principle,
addressable. The combination of high population density (most of India’s 50 most
climate-vulnerable districts are concentrated in just two states - and 14 are in
Bihar alone), widespread poverty (over one-third below the poverty line), rain-
fed agriculture (two-thirds of households dependent), and under-investment in
protective infrastructure creates a vulnerability multiplier that amplifies every
hazard.

14 of India’s 50 most climate-vulnerable districts are in Bihar. This is
not a coincidence of geography - it is the consequence of an intersection of
hazard exposure, economic poverty, rain-dependent agriculture, inadequate
infrastructure, and insufficient preparedness investment that must be addressed

systemically.
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23 The Climate Change Multiplier

Climate change is not a future threat for Bihar - it is a present reality that is
actively intensifying every hazard described in this book. Bihar’s observed climate
record (1990-2025) documents: average temperature increase of approximately
0.7°C; 53.75% increase in lightning strikes; 29% increase in drought incidence;
more intense and erratic monsoons; and the dramatic emergence of the drought-
flood seesaw - conditions where the same state experiences devastating floods and
significant rainfall deficits in the same monsoon season.

Looking ahead, Bihar’s climate projections are sobering. By 2050,
temperatures are likely to rise by 1.5-2°C, extreme rainfall events could double
in frequency, and the intensity of heat-wave conditions will place agricultural
productivity and outdoor workers under extreme stress. By 2070-2100, under
a high-emissions scenario, warming of 3-4°C would fundamentally transform
Bihar’s agricultural viability, urban liveability, and hazard risk profile.

3.  KEY FINDINGS: CHAPTER-BY-CHAPTER
Chapter 1 — Bihar’s Multi-Hazard Risk Landscape

The opening chapter establishes the foundational analytical framework: Bihar
does not face a collection of separate hazards but a compound multi-hazard system
in which risks cascade, compound, and reinforce each other. Northern Bihar —
crisscrossed by Himalayan rivers — is simultaneously India’s most flood-prone
region and exposed to high seismic risk. Southern Bihar faces chronic drought,
heat, and groundwater stress. The entire state lies within one of India’s highest
lightning mortality zones. Urban centres face heat islands, drainage failure, and
inadequate earthquake preparedness.

e 73% of Bihar’s northern area is chronically flood-prone, accounting for 30—
40% of India’s total flood damages

*  The 1934 Bihar—Nepal earthquake (magnitude 8+) killed over 10,000 people;
the seismic threat has not diminished

e Only 7% forest cover — far below the national average — removes natural
hazard buffers across the state

e Over one-third of Bihar’s population lives below the poverty line, limiting
recovery capacity from any hazard

e The key conclusion: disaster risk must be treated as a core development
concern, not a separate emergency management activity
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Chapter 2 — Climate Risk Resilience Framework

Chapter 2 establishes the climate science foundation and proposes the Bihar
Climate Risk Resilience Framework (BCRRF). India has already warmed 0.7°C
and experienced the hottest decade on record (2011-2020). Bihar is among
India’s most climate-vulnerable states — with 14 of the country’s 50 most at-
risk districts within its borders. The chapter documents the drought-flood seesaw
of 2024-2025, where 19 of 38 districts recorded 20-53% rainfall deficits even
as devastating floods struck in September—October. The eight-pillar BCRRF —
spanning risk assessment, governance, mainstreaming DRR in development,
community resilience, infrastructure, ecosystem adaptation, finance, and global
alignment — provides the overarching architecture into which all subsequent
hazard-specific frameworks nest.

e Bihar’s temperature has risen sharply since 1990; by 2024, districts like
Gaya recorded +0.78°C above baseline

*  Lightning incidents increased by 53.75% nationally between 2019 and 2023
— a clear climate change signal

e Bihar’s 2019 draft Climate Action Plan was never approved — a critical
governance gap that must be addressed immediately

*  India’s NDCs (45% emissions intensity reduction; 50% non-fossil power by
2030; net-zero by 2070) provide the enabling framework

*  The BCRREF calls for a State Lightning Resilience Mission, a 31,000 crore
State Climate Resilience Fund, and climate-proofing of all new development

Chapter 3 — Earthquake Risk Resilience

Chapter 3 addresses one of Bihar’s most dangerous and least visible risks.
With 63.7% of its area in Seismic Zone IV and 15.2% in the highest-risk Zone
V, Bihar is among the most seismically exposed regions in India. The northern
districts along the Nepal border sit directly on the Indo-Eurasian plate boundary
— the zone responsible for the 1934 earthquake that killed over 10,000 people
and remains one of the subcontinent’s worst recorded seismic events. The chapter
documents the catastrophic vulnerability of Bihar’s predominantly unreinforced
masonry and earthen building stock, which has not been designed or retrofitted to
withstand moderate to strong ground shaking.

e ZoneV (very high risk) covers the northern border districts including Supaul,
Madhubani, Sitamarhi, Araria, and Kishanganj
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e Zone IV (high risk) covers Patna, Muzaffarpur, Darbhanga, Gaya, and most
of central Bihar

*  Soil liquefaction risk is extreme in the alluvial plains: saturated sediments
behave like liquid during strong shaking

e The Bihar Earthquake Risk Resilience Framework (BER2F) prioritises:
seismic code enforcement, school and hospital retrofitting, community drills,
micro-zonation, and a State Earthquake Resilience Fund

* International experience (Odisha cyclone management; Japan’s community
drills) demonstrates that sustained investment in earthquake preparedness
yields transformative outcomes

Chapter 4 — Flood Risk Resilience

Chapter 4 provides the most technically detailed analysis of Bihar’s defining
hazard. Floods are not occasional disasters in Bihar — they are a structural
feature of the state’s existence, affecting millions of people and accounting for
a staggering share of India’s total flood losses every year. The chapter analyses
flood risk across five major basins (Kosi, Bagmati, Gandak, Kamla Balan, and
Budhi Gandak), finding that approximately 33% of the Kosi basin’s geographical
area faces recurrent inundation and that existing embankment-based flood
management has often created as many problems as it solved.

e The 2008 Kosi embankment breach affected 3.3 million people and
permanently altered the river’s course — the most dramatic flood event in
modern Bihar

*  Embankments, while protective in some contexts, frequently raise riverbed
levels through siltation and transfer flood risk to adjacent areas

e The framework combines nature-based solutions (wetland restoration,
catchment afforestation) with upgraded early warning and community
preparedness

¢ Key recommendation: move from embankment-only flood control toward
integrated floodplain management and nature-based solutions

e An Annual Bihar Flood Resilience Scorecard, linked to state budget

allocations, is proposed to drive accountability and progress

Chapter 5 — Heat Risk Resilience

Chapter 5 addresses what is becoming Bihar’s fastest-rising risk:
extreme heat. The 2019 heat-wave killed over 180 people in Bihar alone, with
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temperatures exceeding 45°C in districts like Aurangabad and Gaya. But heat
in Bihar is increasingly not just a June—July phenomenon — it is a structural
condition affecting agricultural productivity, public health, water demand, urban
livability, and labour productivity across an expanding portion of the year. The
Bihar Heat Risk Resilience Framework (BHR2F @2047) connects early warning,
health system strengthening, urban greening and cool infrastructure, nature-based
cooling (wetlands, tree cover), and climate-smart agriculture into a coherent
prevention-focused strategy.

e Bihar’s maximum temperatures have shown a sustained upward trend since
1981; the 2024 anomaly reached +0.78°C above the long-term baseline

* By 2040, summer temperatures could rise an additional 1.5°C, making
today’s exceptional heat events routine

*  Urban Heat Island effects in Patna and other cities amplify peak temperatures
by 2—-4°C above rural surroundings

*  The BHR2F prioritises: heat action plans in all districts, cooling centres,
ASHA worker outreach, shaded public spaces, urban green corridors, and
agriculture sector heat advisories

*  Vision: a Bihar where heat-wave mortality is reduced to near-zero through
anticipatory governance by 2035

Chapter 6 — Cold Risk Resilience

Chapter 6 addresses the most systematically neglected hazard in Bihar: cold
waves. The data is startling — between 1980 and 2018, cold waves killed more
people than heat-waves in India in 23 of 38 years. In 1992, cold-wave deaths
were 41 times higher than heat-wave deaths nationally. Bihar has historically been
India’s second-most affected state for cold-wave mortality. The victims are Bihar’s
most invisible citizens: the homeless, daily wage workers without warm clothing,
the elderly, and rural families burning whatever they can find to survive. The Cold
Risk Resilience Framework (CRRF @2047) proposes shelter networks, targeted
social protection, livestock care provisions, early warning for cold events, and
integration of cold wave preparedness into all development plans.

e Cold waves are Bihar’s ‘hidden killer’ — claiming hundreds of lives annually
while receiving far less attention than floods or earthquakes

*  The most vulnerable are homeless individuals, elderly people, outdoor
labourers, and rural families in poorly insulated housing
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e December 2025: a severe cold wave brought temperatures to 7.4°C in
Aurangabad and 7.6°C in Gaya, with dense fog disrupting transport and
commerce

 The CRRF targets: universal cold shelter access, community warming
centres, social safety net extension during cold events, livestock protection,
and health system preparedness

e Vision: by 2047 — Vikasit Bihar — cold-wave mortality is zero because no
citizen is left without shelter, warmth, or warning

Chapter 7 — Water Risk Resilience

Chapter 7 tackles Bihar’s most fundamental paradox: a state defined by
water abundance — cradled by the Ganga and fed by Himalayan tributaries —
that simultaneously faces devastating floods and crippling droughts, groundwater
contamination, and water resource mismanagement. The chapter maps Bihar’s
Water Risk Framework through the lens of climate change, projecting the state’s
water balance forward to 2047 under different warming scenarios. It proposes
the Bihar Water Risk Resilience Framework (BW2RF) — an integrated strategy
connecting basin management, groundwater governance, traditional water system
revival, and modern technology.

e The NITI Aayog has flagged Bihar among India’s worst-performing states in
water resource management — a direct risk multiplier for every other hazard

*  North Bihar floods and south Bihar droughts often occur simultaneously —
the drought-flood seesaw documented dramatically in 2024-25

e Groundwater contamination (arsenic in north Bihar; fluoride in south) affects
millions of drinking water users

* Revival of traditional ahar-pyne water management systems offers cost-
effective, community-managed flood and drought moderation

e ‘A Viksit Bharat is impossible without a Viksit Bihar — and a developed
Bihar is impossible without solving its water conundrum’

Chapter 8 — Ecosystem Risk Resilience

Chapter 8 makes the case that Bihar’s natural ecosystems — its forests,
wetlands, rivers, and biodiversity — are not peripheral environmental concerns
but the primary, irreplaceable infrastructure underpinning the state’s disaster
resilience and economic security. The state has lost much of this infrastructure:
forest cover stands at only 7% (far below the national average); wetlands have
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declined from 4.4% to less than 4% of the state’s area since 1990; the once-vast
Kanwar Lake (once Asia’s largest freshwater oxbow lake) has been reduced
dramatically. Each unit of lost ecosystem represents lost flood buffering, lost
groundwater recharge, lost biodiversity, and lost rural livelihoods.

e Bihar’s shrinking wetlands have directly increased flood peak intensities by
removing the natural sponges that previously absorbed monsoon runoff

e The state’s declining forest cover in upstream catchments accelerates runoff,
increases siltation, and reduces dry-season water availability

*  The Ecosystem Risk Resilience Framework proposes: issuing health cards
for all 4,526 wetlands; ahar-pyne revival; social forestry; green corridors;
and formal integration of ecosystem protection into all DM plans

*  Nature-based solutions are consistently the most cost-effective resilience
investments — they simultaneously address floods, droughts, biodiversity,
and rural livelihoods

*  ‘Every rupee spent on nurturing nature is an investment that prevents future
losses and builds lasting prosperity’

Chapter 9 — Urban Risk Resilience

Chapter 9 addresses Bihar’s rapidly growing cities— Patna, Gaya, Bhagalpur,
Purnia, Katihar, Saharsa, Darbhanga, Muzaffarpur, Chapra, and Bettiah — where
unplanned urbanisation, climate change, and inadequate infrastructure are
converging to create a new risk frontier. The 2019 Patna floods - when record
rainfall in 48 hours left large parts of the capital waterlogged for days due to
dysfunctional drainage - were not an anomaly; they were a preview of a future that
will repeat if urban risk is not systematically addressed.

*  Bihar’s cities are expanding faster than the systems that keep them safe -
drainage, water supply, green space, and earthquake preparedness are all
lagging behind growth

*  The green-grey-blue integrated urban resilience framework blends nature-
based solutions (wetland restoration, urban forests, permeable surfaces) with
engineered systems (storm drains, embankments, backup power)

*  Climate-smart zoning is essential: flood plains, natural drainage corridors,
and high liquefaction risk areas must be protected from development
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WASH (water, sanitation, hygiene) continuity plans are critical for urban
resilience - contamination during floods and shortfalls during heat events
threaten public health

*  The poorest urban residents in informal settlements are most exposed:
resilience must be designed with communities, not only for them

Chapter 10 - Lightning Risk Resilience

Chapter 10 addresses India’s ‘silent killer’ - a hazard that claims more lives
annually than floods or cyclones in most years, yet receives a fraction of the policy
and investment attention. Bihar is consistently among India’s most lightning-
affected states. Between 2014 and 2024, 2,937 people died from lightning in
Bihar alone. The April 2025 event - 99 deaths in 6 days, with 98 occurring April
9—14 — marked a nine-year high and a disturbing signal: the lightning season is
expanding earlier into the year under the influence of climate change. The Bihar
Lightning Risk Resilience Framework (BLRRF) proposes a six-pillar, ten-year
programme to reduce fatalities by 70% by 2035.

e Bihar’s average annual lightning death toll (2017-22): 271. This rose to 345
in 2023 and is intensifying under climate change

e 75% of victims are rural agricultural workers caught in open fields — a
preventable tragedy rooted in absent shelters and inadequate early warning

e The six BLRREF pillars: (1) Advanced early warning to every panchayat; (2)
Mass awareness including the 30-30 rule in school curricula; (3) Lightning
Protection Systems on all public buildings; (4) 10,000 lightning-safe
agricultural field shelters; (5) Bihar Lightning Monitoring Centre; (6) State
Lightning Resilience Fund of 31,000 crore

e The Caritas India low-cost LPS model (under 1,000 per installation using
cycle rims, copper wire, and bamboo) offers protection to millions of rural
homes

*  An investment of ¥1,650 crore over 10 years can save hundreds of lives per
year - a compelling return on investment for Bihar’s poorest citizens

Chapter 11 - The Road Ahead: Integrated Multi-Hazard Governance

Chapter 11 serves as the book’s strategic synthesis - the place where all
eleven hazard-specific frameworks converge into a single integrated vision and
governance architecture. The chapter opens with a clear-eyed recognition: Bihar’s
nine overlapping hazards do not respect departmental boundaries or calendar-based
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emergency planning. They cascade, compound, and reinforce each other in ways
that make siloed responses not just inadequate but actively counterproductive.
A State Multi-Hazard Resilience Mission, a Bihar Risk Atlas, and a whole-of-
government approach are the minimal requirements for effective risk governance.

*  Bihar needs ONE governance backbone: a State Multi-Hazard Resilience
Mission with authority, budget, clear roles for BSDMA and all line
departments

*  ONE shared data system: a Bihar Risk Atlas updated regularly, with district-
level risk dashboards accessible to engineers, planners, and administrators

e ONE prioritisation logic: invest where risk is highest - targeting high
exposure + high vulnerability zones first - so every rupee saves the maximum
lives

* Resilience is not a separate project - it is a way of building everything:
roads, schools, hospitals, water systems, and cities

*  ‘The frameworks exist. The knowledge is available. What remains is one
thing: the will to act. It is now or never.’

4. CROSS-CUTIING THEMES: WHAT ALL ELEVEN CHAPTERS
AGREE ON

Across all eleven chapters, six themes emerge with striking consistency.
These are not chapter-specific findings - they are structural realities of Bihar’s
multi-hazard landscape that any serious resilience strategy must address.

4.1 The Poor Bear the Greatest Burden - and Must Receive Priority

Whether the hazard is lightning (where 75% of victims are agricultural
workers), floods (where landless tenant farmers have no compensation rights),
cold waves (where homeless people freeze on streets), or heat (where outdoor
labourers have no legal protection), the pattern is identical: Bihar’s poorest citizens
face the highest exposure, the least protection, and the slowest recovery. Every
framework in this book explicitly prioritises equity — designing interventions
that reach the most vulnerable first rather than the most visible.

4.2 Nature-Based Solutions are the Most Cost-Effective Resilience
Investment

Wetland restoration that buffers floods, reduces drought water stress, and
restores livelihoods simultaneously. Ahar-pyne revival that stores water, recharges
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groundwater, and restores ancient community management. Urban tree cover that
reduces heat, absorbs stormwater, and improves air quality. Forest restoration
that slows runoff, reduces siltation, and sequesters carbon. Across every hazard
domain, nature-based solutions consistently outperform purely engineered
responses on cost, co-benefits, and long-term sustainability.

4.3 Early Warning Systems Are Necessary but Insufficient -
Action Is the Gap

Bihar has improving early warning capability - from IMD’s thunderstorm
and flood forecasts to BMSK’s integrated multi-hazard system. But warnings
consistently fail to save lives because the gap between forecast and action at the
community level remains large. Technical warnings reaching State Emergency
Operation Centres do not automatically translate into a farmer leaving their field,
a village moving to higher ground, or a school child taking shelter. Every chapter
proposes last-mile, action-oriented warning dissemination as a critical priority.

4.4 Governance Fragmentation is the Largest Single Barrier to
Resilience

Bihar’s existing disaster management institutions - BSDMA, line
departments, DDMAs - have genuine capacity and experience. What they
consistently lack is a coordination architecture that allows multi-hazard, multi-
sector action to flow effectively. Every chapter notes that climate and disaster
resilience requires Agriculture, Water Resources, Urban Development, Health,
Education, Environment, and Finance departments to work in concert - but the
institutional mechanisms for this coordination remain weak. A State Multi-Hazard
Resilience Mission with real authority is the single most important institutional
reform this book recommends.

4.5  Finance Must Move Upstream - from Relief to Prevention

Bihar currently spends enormous sums on post-disaster relief and
reconstruction - expenditures that occur after loss, after death, after damage. The
frameworks in this book collectively demonstrate that prevention investments
yield far greater returns. The estimated 31,650 crore for the lightning framework
alone can prevent hundreds of deaths per year. Flood prevention investments pay
back many times over in avoided relief costs. The financing shift from reactive
reliefto proactive prevention is not just a humanitarian imperative - it is compelling
public finance arithmetic.
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4.6 Climate Change Demands Climate-Informed Planning - For
the Future, Not Just the Past

Every chapter notes the same design flaw in Bihar’s existing infrastructure
and planning: embankments, drainage systems, road specifications, and building
codes have been calibrated to historical hazard records that no longer represent
the future. A warming, more extreme climate demands that all new infrastructure
be designed for the climate of 2050—-2070, not the climate of 1980. This is the core
meaning of ‘climate-proofing’ development, and it requires climate projections
to be routinely integrated into engineering specifications, land-use plans, and
investment decisions.

5.  PRIORITY ACTIONS: WHAT MUST HAPPEN FIRST

From eleven chapters of analysis, the following ten actions emerge as the
highest-priority, highest-impact interventions for Bihar’s resilience agenda. They
are sequenced to reflect both urgency and foundational importance.

S. N. | Priority Action Chapter Timeline Expected Impact
Source

1. Establish the State Multi- Ch.10 + All | Immediate Creates the governance
Hazard Resilience Mission (2025) backbone that all other
under CM’s Office with actions depend on; ends
a Resilience Task Force, departmental silos
dedicated budget, and cross-
departmental authority

2. Approve and implement a Ch.2 2025-2026 Unlocks national/
State Climate Action Plan international climate
(revive the 2019 draft) with finance; coordinates all
clear targets, departmental adaptation efforts; meets
roles, and financing strategy NDC commitments

3. Launch the Bihar Risk Atlas | Ch.10 2025-2026 Enables evidence-based
— a shared GIS platform investment prioritisation;
with district-level multi- ensures all departments
hazard risk data, updated work from the same risk
regularly and accessible to map
all departments

4, Mandate climate- Ch. 2, 3,4, 2025 Stops locking future
proofing of all new public 59 onwards vulnerability into new
infrastructure (roads, construction; shifts from
bridges, schools, hospitals) reactive to proactive
— designed for 2050 resilience
climate, not 1980 standards
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S. N. | Priority Action Chapter Timeline Expected Impact
Source

5. Establish a 1,000 crore Ch.11 2025-2027 Addresses Bihar’s most
State Lightning Resilience preventable mass killer
Fund; install LPS on all directly; 271+ lives saved
government schools and per year at modest cost
PHCs; designate 10,000
lightning-safe shelters

6. Strengthen last-mile early Ch.1,2,4,5, | 2025-2027 The most direct life-
warning for all hazards 6,11 saving intervention across
— from flood forecasting multiple hazards; removes
to lightning alerts — the forecast-to-action gap
with Aapda Mitra-based
dissemination to every
village

7. Scale ecosystem Ch.7,8,9 2025-2030 Nature-based solutions
restoration: ahar-pyne with triple benefit: flood
revival, wetland protection buffering + drought
(all 4,526 wetlands mapped resilience + biodiversity;
and health-carded), forest cost-effective at scale
cover to 17%, urban green
corridors

8. Initiate seismic retrofitting | Ch.3 2025-2030 Addresses potentially
of all government schools catastrophic risk that
and hospitals in Zones is entirely manageable
IV-V; enforce building through engineering
code compliance for all new intervention
construction

9. Launch comprehensive Ch.5,6 2025-2026 Prevents hundreds
Heat Action Plans in all of preventable
38 districts; integrate cold deaths annually from
shelter networks into social temperature extremes —
protection systems particularly among the

poorest

10. Embed community Ch. 2, 3,4, 2025-2028 Communities are
resilience at the base: 11 the first responders;
expand Aapda Mitra to all local knowledge and
villages; integrate lightning preparedness are the
safety, earthquake drills, irreplaceable foundation
and flood preparedness into of resilience
school curriculum

6. INVESTMENT FRAMEWORK: THE COST OF RESILIENCE
VS. THE COST OF INACTION

Every framework in this book acknowledges that resilience requires
investment. But it is important to understand what these investments are competing
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against: the current cost of inaction. Bihar already spends enormous sums on post-
disaster relief, reconstruction, and emergency response - expenditures that occur
after loss, after death, and after damage. The question is not whether Bihar will
spend on disaster risk, but when and how.

Bihar’s investment in resilience is not charity - it is the most economically rational use of
public funds available. Every rupee spent preventing a flood disaster saves multiple rupees
in relief, reconstruction, and productivity loss. Every life saved from lightning, cold, or heat
preserves the earning capacity of families who would otherwise fall into perpetual poverty.
Resilience spending is development spending.

Framework Phase1 | Phase2 | Phase3 | Total Primary Impact

(Rer) (er) (Rer) (er)

Lightning Risk 335 705 610 1,650 70% fatality reduction by

(BLRRF) 2035; near-zero by 2040

Flood Risk (Basin | 500 1,200 800 2,500 50% reduction in annual

frameworks) flood losses by 2035

Earthquake Risk 200 600 400 1,200 Retrofitting all schools/

(BER2F) hospitals in Zones IV-V by
2030

Heat Risk 150 400 250 800 Near-zero heat mortality;

(BHR2F) cool city programme

Cold Risk (CRRF) | 100 250 150 500 Universal cold shelter; near-
zero cold mortality by 2035

Water Risk 400 1,000 600 2,000 Water security for agriculture

(BW2RF) and drinking by 2047

Ecosystem 300 700 500 1,500 17% forest cover; 4,526

Resilience wetlands protected

Urban Risk (10 500 1,200 800 2,500 Climate-resilient urban

cities) infrastructure across 10 cities

Multi-Hazard 100 200 100 400 State Mission; Risk Atlas;

Governance shared systems

TOTAL 2,585 6,255 4,210 13,050 Comprehensive resilience
across Bihar by 2035-2040

This %13,050 crore investment framework - approximately 1,305 crore
per year over ten years - represents less than 5% of Bihar’s current annual state
budget. It must be seen in context: Bihar currently spends comparable sums in
post-disaster relief in particularly severe years alone. The framework is not a
burden on development - it is an enabler of development.
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Key Financing Principles from all Eleven Chapters

* Prevention > Relief: Shift the spending bias from post-disaster reconstruction to pre-disaster
prevention and risk reduction

interventions

» Convergence: Align existing scheme funding (MGNREGS, PMAY, Smart Cities,
RURBAN, Jal Jeevan Mission) with resilience priorities — no new money needed for many

* Climate Finance: Access Green Climate Fund, Adaptation Fund, World Bank, ADB, and
bilateral sources using the frameworks in this book as bankable project proposals

» Corporate CSR: Engage Bihar-based industries in funding LPS, shelter construction, and
community awareness — high visibility, measurable impact CSR opportunities

» Insurance: Scale crop insurance, weather index insurance, and disaster insurance to provide
financial resilience for households — reducing recovery time after each event

* Fund Governance: All dedicated funds (Lightning, Earthquake, Climate) must have
transparent allocation, annual audit, and ring-fencing against diversion to relief

7. POLICY ALIGNMENT: BIHAR IN THE NATIONAL AND
GLOBAL CONTEXT

This book’s frameworks are not standalone state-level plans — they
are designed to nest within, and draw resources from, India’s national policy

architecture and the global frameworks to which India is committed. This
alignment is not administrative formality; it is the pathway to technical support,

financial resources, and policy legitimacy.

(UNFCCC, 2015)

Global / National | Relevant Commitments How This Book’s Frameworks
Framework Align
Paris Agreement Limit warming to 1.5-2°C; national | All 11 chapters treat their hazard as

adaptation goals; $100B climate
finance commitment

climate-change-intensified; climate
adaptation investments qualify for
international climate finance

Sendai Framework

Reduce mortality, affected people,

Explicit targets in each chapter

for DRR (2015— economic losses, infrastructure align with Sendai’s seven global

2030) damage by 2030 targets; multi-hazard integrated
approach matches Sendai’s core
architecture

India’s NDCs 45% emissions intensity reduction; | Energy transition, renewable

(Updated 2022) 50% non-fossil power by 2030; net- | deployment, and afforestation

zero by 2070

goals in Chapters 2, 7, and 8
directly contribute to India’s NDC
commitments

National Action
Plan on Climate
Change (NAPCC)

Eight national missions including
water, agriculture, green India,
sustainable habitat

BW2RF (Ch.7), BHR2F (Ch.5),
CRRF (Ch.6), and Urban
Framework (Ch.9) operationalise
NAPCC missions at state level
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Global / National | Relevant Commitments How This Book’s Frameworks
Framework Align
NDMA Guidelines | All-of-government DRR; All chapters are designed to
and National DM | mainstreaming; Aapda Mitra implement and expand NDMA
Plan expansion; inter-agency guidance; BSDMA is positioned as
coordination the operational hub
Sustainable SDG 1 (Poverty); SDG 2 (Zero Every chapter’s targets map
Development Hunger); SDG 3 (Health); SDG 6 directly to multiple SDG
Goals (SDGs) (Water); SDG 11 (Cities); SDG 13 | indicators; resilience investment is
(Climate) development investment
Viksit Bharat Developed India by centenary of The book’s 2047 vision for Bihar
@?2047 / Viksit independence; Bihar’s development | directly supports the national
Bihar as essential component vision; resilience is positioned as
the foundation of development, not
a constraint on it

8. CONCLUSION: THE BIHAR WE MUST BUILD

This book began with a simple but profound observation: Bihar does not face
a collection of separate disasters. It faces a system — a complex, interconnected,
climate-amplified system of risks that interact with each other and with the
vulnerabilities of its people in ways that make every disaster worse than it would
otherwise be.

But this book also began with an equally important observation: the disasters
that strike Bihar are not inevitable. They are the consequence of choices — choices
about where to build, how to build, what to protect, whom to warn, and how to
govern. Every death from lightning that occurs because a farmer had no shelter to
reach. Every family impoverished by a flood that could have been moderated by
a restored wetland. Every earthquake fatality in a building that was not designed
to code. Every child who dies from heat or cold who could have been reached by
a health worker or sheltered in a community centre. These are policy failures, not
acts of God.

The eleven frameworks presented in this book represent the most
comprehensive integrated resilience plan Bihar has ever had. They are grounded
in evidence, aligned with global best practice, calibrated to Bihar’s specific
vulnerabilities and resources, and designed for implementation by the institutions
and communities that will make resilience real. They are ambitious — but they
are achievable.
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A resilient Bihar is not a Bihar without hazards. Floods will come.
Lightning will strike. Earthquakes will shake. Heat will intensify. These are
the physical realities of Bihar’s geography and climate. A resilient Bihar is
one whose communities, infrastructure, ecosystems, and institutions are strong
enough to absorb these shocks, protect the most vulnerable, recover quickly, and
continue advancing toward prosperity and dignity for all its people. That Bihar
is possible. The frameworks are ready. The knowledge is available. The global
commitments provide the mandate. What remains is the will — in government
offices, in legislative chambers, in communities, and in every institution that
shapes Bihar’s development — to choose resilience. To choose it now. To choose

it consistently. Because in the face of climate change, it truly is now or never.

9. GLOSSARY OF KEY TERMS AND ABBREVIATIONS

Term / Abbreviation Full Form / Definition

BCRRF Bihar Climate Risk Resilience Framework (Chapter 2)

BER2F Bihar Earthquake Risk Resilience Framework (Chapter 3)

BHR2F Bihar Heat Risk Resilience Framework (Chapter 5)

BLRRF Bihar Lightning Risk Resilience Framework (Chapter 11)

BMSK Bihar Mausam Sewa Kendra - state meteorological centre with
integrated multi-hazard EWS

BSDMA Bihar State Disaster Management Authority

BW2RF Bihar Water Risk Resilience Framework (Chapter 7)

BAPCC Bihar Action Plan on Climate Change

CAPE Convective Available Potential Energy — the atmospheric ‘fuel’ for
thunderstorm and lightning development

CCA Climate Change Adaptation

CRRF Cold Risk Resilience Framework (Chapter 6)

DRR Disaster Risk Reduction

EWS Early Warning System

IMD India Meteorological Department

IIT™ Indian Institute of Tropical Meteorology, Pune

LPS Lightning Protection System — engineering system to safely divert
lightning current to ground

NAPCC National Action Plan on Climate Change — India’s eight-mission
climate strategy framework

NCRB National Crime Records Bureau — source of India’s official disaster
fatality statistics

NDMA National Disaster Management Authority
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Term / Abbreviation

Full Form / Definition

NDC

Nationally Determined Contribution — India’s climate pledges under
the Paris Agreement

NBS Nature-Based Solutions — using healthy ecosystems for disaster risk
reduction

RCP Representative Concentration Pathway — IPCC scenario for
greenhouse gas emissions trajectories

SAPCC State Action Plan on Climate Change

SDGs Sustainable Development Goals (UN 2030 Agenda)

Sendai Framework

Sendai Framework for Disaster Risk Reduction 2015-2030 — global
DRR policy architecture

UHI Urban Heat Island — elevated temperatures in urban areas due to
built surfaces and reduced vegetation

WASH

Water, Sanitation, and Hygiene — critical urban and rural services
particularly stressed during disasters

QUICK REFERENCE: KEY STATISTICS

120M+ 73% 79%
People — Bihar’s total North Bihar area flood-prone | Area in Seismic Zones [IV-V
population
271/yr 180+ 14/50
Lightning deaths (2017-22 Deaths in 2019 heatwave Most climate-vulnerable
avg) districts in India are in Bihar
7% <4% 29%

Forest cover (national avg: Wetland area (down from Increase in drought incidence
~21%) 4.4% in 1990) over 2 decades
+0.7°C +53.75% %13,050cr

India temperature rise Lightning incidents increase Total 10-yr resilience
19012018 20192023 investment across all

frameworks
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