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Abstract

In rural India, disaster and health emergency management typically follows a top-down
approach. This study compared Nausar (intervention) and Salmata (control) panchay-
ats in the Udham Singh Nagar district of Uttarakhand. The initial two tiers of the
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PHEDM five-tiered model were executed over seven phases, beginning with structured
risk assessments and followed by capacity enhancement in Tiers I and II. Nausar ex-

hibited notable advancements, such as an increase in the composite preparedness index
from 14.5 to 36.5 (Cohen’s d = 1.12, p < 0.001), a rise in adaptive capacity by +9.4
(p = 0.04), an expansion of Community Emergency Response Team (CERT) members
from 6 to 48, an improvement in WASH coverage from 73% to 95%, and an increase
in drill participation from 12% to 68%. The control panchayat showed no significant
changes, and the Difference-in-Differences analysis confirmed the causal effect. These
results indicate that the PHEDM'’s community Tier I and IT model effectively enhances

scalable village preparedness.
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1 Introduction

Global environmental degradation and climate change
exacerbate extreme weather events, including floods, land-
slides, cyclones, wildfires, droughts, and heatwaves, all
of which threaten human and planetary health (IPCC,
2022). The severity of these impacts is contingent on
the intensity of the hazards and the vulnerability pro-
files of the affected areas (IPCC, 2022). The Royal So-
ciety’s People and the Planet report (The Royal Society,
2012) underscores how the intertwined trends of popula-
tion growth and consumption place unsustainable pressures
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on finite ecosystems, endangering long-term human well-
being. The Rockefeller Foundation—-Lancet Commission
(Whitmee et al., 2015) cautioned that environmental degra-
dation could negate the health advancements achieved over
the past century. Meanwhile, the Lancet Global Syndemic
projects, as outlined by the Lancet Commission (Swinburn
et al., 2019), suggest that obesity, undernutrition, and cli-
mate threats could undermine the Sustainable Development
Goals (SDGs) by 2050. The United Nations Framework
Convention on Climate Change (UNFCCC) Conference of
the Parties (COP), particularly COP28’s UAE Declara-
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tion on Climate and Health, emphasises the importance of
climate-resilient health systems (COP28 UAE Declaration,
2023). COP28 acknowledges that climate change is respon-
sible for 250,000 annual deaths (due to heat, malnutrition,
and malaria) and $2—4 billion in economic losses by 2030,
highlighting the need for community-level adaptation in vul-
nerable regions such as India’s Himalayas (COP28 UAE
Declaration, 2023). Vulnerable groups, including pregnant
women, children, the elderly, and those with chronic ill-
nesses, face disproportionate risks, as quantified by the
WHO: pregnant women have a 20% higher risk of mis-
carriage, and children have a 15% increased risk of respi-
ratory admissions (WHO Climate Change, 2024). While
climate change is the most pressing environmental issue
threatening the well-being of current and future genera-
tions, it is essential to recognise that it is not the sole
environmental hazard affecting human health. Other sig-
nificant threats include geological hazards (such as land-
slides and earthquakes), chemical disasters (such as indus-
trial accidents), biological emergencies (such as infectious
disease outbreaks), and technological risks (including cyber-
physical infrastructure failures). India’s Himalayan regions,
particularly Uttarakhand, face compounded hydrometeo-
rological, geological, and biological threats. In their 2017
study (Maikhuri et al., 2017) conducted a socio-ecological
vulnerability assessment of the Kedarnath Valley following
the 2013 flood, finding that nearly 70% of the area was cat-
egorised as high- or very-high risk (CVI 0.72). The main
contributors to this significant socio-ecological threat are
steep slopes, glacial lake outburst hazards, and widespread
deforestation. The Government of Uttarakhand (USDMA,
2020) characterises the state as highly susceptible to disas-
ters due to its geotectonic configuration, steep Himalayan
landscape, delicate geomorphology, and severe weather con-
ditions. These elements collectively render the region vul-
nerable to a range of natural and human-induced disasters,
including earthquakes, landslides, cloudbursts, flash floods,
avalanches, droughts, lightning, cold waves, hailstorms, in-
dustrial accidents, fires, and drought-like conditions. Rural
and peri-urban communities in these areas face compounded
risks due to fragile infrastructure, limited access to health
and emergency services, and persistent under-preparedness
(Singh, 2023). Climate change is driving significant shifts
in hazard patterns, with projections for Uttarakhand indi-
cating an increase in monsoon precipitation of 13-16% by
2050 and up to 36% by 2100, exacerbating the frequency
and intensity of climate-induced events such as floods and
landslides (Vinodhkumar et al., 2022). Recent indicator-
based assessments (Dasgupta and Badola, 2020) have re-
vealed that socioeconomic resilience in the Indian Himalayas
remains low, with future scenarios indicating persistent vul-
nerability and limited adaptive capacity. These findings un-
derscore the need for comprehensive, evidence-based, and
participatory strategies to build resilience in the Indian Hi-
malayan Region.

In the Indian context, Gram panchayats, which consist
of over 2.68 lakh rural local governance units, act as the
frontline in disaster management alongside other sectors
(Ministry of Panchayati Raj, 2026). The National Health
Policy 2017 (NHP, 2017) and the Indian Public Health
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Standard 2022 (IPHS, 2022) emphasise the importance of
community health resilience through the integration of pri-
mary care and community mobilisation. Although these
are vital for local health emergency plans and resilience-
building, they face systemic gaps in Public Health Emer-
gency and Disaster Management (PHEDM), capacity con-
straints, and a lack of staff, technical support, and institu-
tional preparedness (NDMA, 2014). The legal and institu-
tional framework supporting the National Disaster Manage-
ment Plan 2019 (NDMA, 2019) mandates tiered planning
from the national to the village panchayat levels, includ-
ing for biological emergencies. However, most gram pan-
chayats lack functional Village Disaster Management Plans
(VDMPs). Additionally, communities and first responders
are often the initial victims and the first line of defence
in emergencies. Therefore, there is an urgent need to es-
tablish and train community responders, enhance the skills
of existing first responders, and develop or update village-
level plans, procedures, and protocols such as VDMPs. The
2018 Kerala floods highlighted the effectiveness of commu-
nity social capital over institutional strategies (Joseph et al.,
2020). Evidence showed that community-led responses were
significantly faster due to pre-existing neighbourhood net-
works, volunteer coordination, and localised resource pool-
ing during the crisis, which claimed hundreds of lives and
displaced over a million people. Grassroots communication
bypassed disrupted official channels, while self-organised re-
lief efforts outpaced government logistics. These findings
underscore the critical importance of community empower-
ment and capacity development in emergencies, establishing
a trained community workforce as the essential first line of
defence before formal systems activate. The Community
Planning Toolkit (Community Planning Toolkit, 2014) em-
phasises participatory engagement through informing, con-
sulting, and co-creating resilience plans with communities,
building trust and local ownership, which are essential for
effective emergency response workforce development. The
Government of India-United Nations Development Program
(GoI-UNDP) in Bihar/Odisha achieved a 40% mortality
reduction through Village Disaster Committees and drills
(ADPC, 2009). These initiatives laid the groundwork for
embedding participatory planning and capacity building in
rural disaster management, serving as models for expand-
ing resilience efforts across rural areas in India. Further-
more, systematic reviews and program evaluations globally
and in India demonstrate that community engagement en-
hances early disaster response capacity, reduces mortality,
and enables sustainable risk reduction when implemented
with attention to local context, social diversity, and inclu-
sive training (Sufri et al., 2020).

Despite significant investments in disaster and public
health emergency management, past responses in India have
often been marked by top-down, institution-centric strate-
gies that have sometimes underutilised local knowledge
and excluded direct community participation from decision-
making. This approach has occasionally led to delayed
responses and suboptimal outcomes, particularly affecting
smallholder farmers and marginalised populations, whose
specific vulnerabilities, such as reliance on livestock and
exposure to industrial risks, were inadequately addressed
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in conventional planning frameworks (Ramsbottom et al.,
2018). There is growing recognition, both nationally and in-
ternationally, that institutional preparedness alone is insuf-
ficient. Therefore, effective preparedness, response, and re-
covery necessitate robust partnerships between institutions
and communities, leveraging both technical expertise and
grassroots engagement to incorporate local and traditional
knowledge, as recommended by contemporary public health
and resilience scholarship (WHO Climate Change, 2024).
Recognising these challenges, India’s National Disaster
Management Plan (NDMP) advocates for a decisive shift
from reactive to proactive disaster risk governance, em-
phasising decentralised, participatory, and multisectoral ap-
proaches (NDMA, 2019). The NDMP specifically calls for
empowering local institutions and communities as central
actors in disaster risk assessment, planning, and response—
an approach that mirrors the Sendai Framework’s emphasis
on inclusive, locally anchored resilience (Sendai Framework,
2015). This policy evolution has been strongly reinforced
by India’s pandemic response, where whole-of-society and
whole-of-government efforts proved essential for agile and
integrated emergency actions (PIB, 2014). NITI Aayog has
recognised the need to develop a roadmap for pandemic pre-
paredness and released a comprehensive report titled "Fu-
ture Pandemic Preparedness and Emergency Response: A
Framework for Action.” This framework serves as a strate-
gic blueprint for India to address future public health crises,
drawing heavily on lessons learned during the COVID-19
pandemic. The central goal is to enable a ”100-day mission
mode” response to any new outbreak (NITI Aayog, 2024).
In alignment with the national vision to integrate pub-
lic health and disaster management, a collaborative effort
was initiated by the National Institute of Disaster Manage-
ment (NIDM) and the National Centre for Disease Control
(NCDC), under the guidance of NITI Aayog and with tech-
nical support from the U.S. Centers for Disease Control
and Prevention (CDC), India, along with other key stake-
holders. This partnership organised a series of consulta-
tive meetings and workshops that engaged stakeholders at
the national, state, district, and community levels. During
these sessions, participants systematically evaluated promi-
nent global and national risk assessment frameworks and
capacity development models, such as the WHQO’s Strate-
gic Tool for Assessment of Risks (WHO STAR, 2021), the
International Federation of Red Cross and Red Crescent So-
cieties’ Vulnerability and Capacity Assessment (IFRCRCS,
1999), the NDMA’s Hazard Vulnerability Capacity and Risk
Assessment (NDMA, 2014), and the U.S. FEMA’s Threat
and Hazard Identification and Risk Assessment (THIRA)
(FEMA, 2018). In addition to these risk assessment tools,
Bloom’s Taxonomy was assessed as a foundational frame-
work for tiered capacity development (Adams, 2015). This
cognitive model ensures that training progresses from basic
knowledge (Remembering/Understanding) to operational
implementation (Applying/Analysing) and ultimately to
strategic leadership (Evaluating/Creating). The review un-
derscored ongoing gaps in both risk assessment and capacity
development, including insufficient attention to major acci-
dent hazards (MAH), insufficient emphasis on agricultural
and livestock vulnerabilities, insufficient attention to cli-
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mate change, and inadequate consideration of current pub-
lic health threats within the existing framework.

The collaboration between NIDM and NCDC has led
to the creation of an innovative five-tiered PHEDM frame-
work, which was tested and published in the NIDM journal
(Sharma et al., 2025). This framework systematically eval-
uates risk at the community level and strategically enhances
competencies across all levels by incorporating mentorship
from one level up. It empowers communities by training
community volunteers, frontline workers, and professional
responders, while integrating risk assessment and prepared-
ness at both district and state levels. This hierarchical,
scalable solution aligns with the NDMP’s biological/public
health emergencies pillar (NDMA, 2019), the primary care
mandates of NHP 2017 (NHP, 2017), the Health and Well-
ness Centre-Sub Health Centre standards of IPHS at gram
panchayat levels and above (IPHS, 2022), and the priorities
of the Sendai Framework and UNFCCC-COP, which are
crucial for the multi-hazard contexts of India and the re-
gion. Tier I of the PHEDM focuses on building community
capacity through Panchayati Raj Institution (PRI) leaders,
ASHAs, and community volunteers, who conduct commu-
nity risk assessments and develop VDMPs. Tier II equips
the frontline workforce with tactical response skills, includ-
ing mastery of triage and the Incident Response System
(IRS) protocols. Tier III operationalises state and district
EOC surveillance and multisectoral coordination through
the disaster management institutional and legal framework.
In contrast, Tier IV enhances strategic institutional pre-
paredness by integrating climate risks at national and sub-
national levels. Tier V provides apex governance and whole-
of-society policy leadership.

The PHEDM framework in this study operationalises
the COP28 health-climate nexus by promoting scalable, de-
centralised resilience, directly addressing the multi-hazard
vulnerabilities of Uttarakhand. This research will focus on
testing and evaluating only Tiers I and II, following the
identification of community risks. Uttarakhand exemplifies
India’s extreme multi-hazard context, representing approxi-
mately 13 million people across the Himalayan foothills and
Indo-Gangetic plains. The state showcases national disas-
ter risk heterogeneity while demonstrating strong leadership
(PHEDM pilot commitment). Among Uttarakhand’s 13
districts, Udham Singh Nagar District is prioritized based
on five compelling criteria: peak flood vulnerability (Zone
IT), exposure to Seismic Zone IV (Government of Uttarak-
hand, 2017), social vulnerability with 28% SC/ST and 40%
BPL (Census 2011), recent disaster burden, and strategic
policy alignment, making it a state-recommended PHEDM
pilot site. This district, located at the Terai-Himalaya in-
terface and home to 1.6 million people, bridges floodplains
and seismic foothills, making it an ideal PHEDM pilot for
scalable national replication across India’s 2.68 lakh gram
panchayats.

This scalable and practical pathway connects struc-
tured, participatory assessments with capability develop-
ment and decentralised governance, helping create climate-
resilient, self-reliant communities ready to meet future de-
mands. These efforts are part of India’s broader vision for
Viksit Bharat 2047, which prioritises resilience, health secu-
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Uttar Pradesh

Fig. 1. Study area map showing Khatima (intervention block)

Uttarakhand, with Nausar gram panchayat highlighted.

rity, and inclusive and sustainable rural development as key
national objectives (Viksit Bharat, 2026). Despite increas-
ing recognition of community participation in disaster pre-
paredness, there remain gaps in implementing structured,
locally led approaches that link risk assessments to action-
able capacity-building. This study seeks to evaluate the
impact of the PHEDM model in rural village panchayats
of Uttarakhand, examining its effectiveness in enhancing
community resilience through a comparative design. The
specific objectives are: (1) to quantify changes in prepared-
ness domains and composite indices; (2) to assess Tier I-II
implementation fidelity and community mobilisation; and
(3) to identify scalability barriers and facilitators.

2 Method
2.1 Study Design and Setting

A quasi-experimental matched-pair design with
Difference-in-Differences (DiD) analysis was conducted
from March 2022 to February 2023 in two purposively
matched gram panchayats of Udham Singh Nagar District,
Uttarakhand (Fig. 1). Nausar (intervention site, Khatima
block, 349 households) and Salmata (control site, Sitarganj
block, 298 households) (Gertler et al., 2016).

This study included pre- and post-intervention assess-
ments at both sites, with the intervention applied only at
Nausar to evaluate its effectiveness relative to the control
site. This approach allowed for within-group (pre-post in
Nausar) and between-group (Nausar vs Salmata at endline)
comparisons while controlling for external factors through
site selection based on similar demographic and risk pro-
files.

2.2 Site Selection Rationale

Uttarakhand State is selected for extreme multi-
exposure (seismic Zones IV/V, flood Zone II Terai, recur-
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and Sitarganj (control block) in Udham Singh Nagar District,

rent landslides), plus state leadership and Panchayat com-
mitments for piloting Public Health Emergency and Disas-
ter Management.

Udham Singh Nagar District prioritized among 13 dis-
tricts based on: (1) peak flood vulnerability (Zone II), (2)
seismic Zone IV, (3) social vulnerability (28% Scheduled
Caste/Scheduled Tribe, 40% Below Poverty Line (BPL)
(Census 2011)), (4) recent disaster burden, (5) strategic
NIDM-NCDC guidance.

Matching Criteria (Table 1): Six standardised criteria
ensured baseline equivalence (all p > 0.39) and 8 km ge-
ographic separation prevented intervention contamination
between sites.

2.3 Unit of Analysis and Sample Size

Individual household respondents from PHEDM assess-
ments participated in pre- and post-survey assessments.
Nausar: n = 48 paired respondents (14% response rate
from 349 households). Salmata: n = 41 endline respon-
dents (14% from 298 households). Complete case analysis
used for paired t-tests (n = 89 total analytic sample).

2.4 Development of the Panchayat Public Health
Emergency and Risk Assessment Tool (Community
PHEDM Risk Assessment Tool)

The Threat Hazard Identification Risk Assessment
(THIRA) methodology from the US Federal Emergency
Management Agency was adapted through rigorous stake-
holder consultations with the NIDM, NCDC, CDC and Ut-
tarakhand State/District/community representatives. Fol-
lowing consensus, the THIRA framework was localised to
develop a Community PHEDM tool specifically designed
for multi-hazard risk assessment and intervention strategy
development at the gram panchayat level.
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Table 1. Baseline matching characteristics - Nausar vs Salmata gram panchayats.

Criterion Nausar (Khatima) Salmata (Sitarganj) Test Statistic
Flood Vulnerability Zone II (Sharda/Gola)  Zone II (Sharda/Gola) Equivalent
Households 349 298 -

Population 1,893 1,780 -

SC/ST (%) 28% 24% p =045
Population Below Poverty Line (BPL) (%) 40% 38% p = 0.62
Health Infrastructure Primary Health Centre (PHC) 2.8 km 3.2 km <3 km (both)
Geographic Separation - - 8 km apart
PRI Leadership Stable (3+ years) Stable (3+ years) Equivalent

Baseline CPI 2.1+0

.8

2.3+0.9 t =0.89, p =0.39

This collaborative approach ensured that the tool was
comprehensive, user-friendly, and responsive to gaps iden-
tified in earlier models. Refinements targeted five critical
areas: (1) incorporation of Major Accident Hazards (MAH)
into General Information, enhancing the risk assessment
framework for improved emergency preparedness and re-
sponse based on stakeholder feedback; (2) integration of
livestock-related data into Demographic Information, recog-
nizing their economic and health significance in rural com-
munities for a holistic assessment of vulnerabilities and re-
sources; (3) expansion of Threat and Hazard Identification
to include infectious diseases and public health emergen-
cies, guided by the NCDC, aligning with current health
priorities; (4) emphasis on medical institutions within Edu-
cational Institutions to underscore their role in emergency
preparedness and healthcare surge capacity; and (5) intro-
duction of a community-level questionnaire for Ascertain-
ment of Core Capabilities, capturing local perspectives to
ensure assessments were grounded in community realities
and identified tailored strengths and vulnerabilities. These
enhancements have made the PHEDM tool a robust instru-
ment for public health emergency preparedness and disaster
management.

Overall, these updates mark a significant advancement
over the previous versions. By incorporating stakeholder
feedback and addressing critical gaps, the revised PHEDM
Assessment Tool offers a more comprehensive, context-
sensitive, and practical resource for public health emergency
preparedness, risk assessment, and decision-making.

The refined PHEDM Assessment Tool was integrated
throughout a seven-step protocol of community-based
PHEDM intervention model to support systematic data col-
lection and analysis: (1) stakeholder preparation and time-
line, (2) community engagement and baseline assessment,
(3) intervention implementation (Tier I-II, risk assessment,
Village Disaster Management Plan, triage training, CEMT,
CERT), (4) ongoing monitoring, (5) endline assessment, (6)
data analysis (paired t-tests, Difference-in-Differences) and
(7) reporting and scalability recommendations

2.5 Stakeholder Preparation and Timeline

The process began with advocacy and leadership meet-
ings, including engagements with the Director of NCDC and
the state Secretary of Health and Disaster Management.
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These meetings introduced a five-tiered PHEDM frame-
work focused on piloting Tiers I and II through Community
Emergency Management Teams (CEMT) and Community
Emergency Response Teams (CERT). Administrative ap-
provals were secured, and village panchayats were selected
as intervention (Nausar) and control (Salmata) sites in the
Udham Singh Nagar District. Orientation, role clarifica-
tion, and intervention alignment sessions were conducted
with local leaders, frontline workers, and community repre-
sentatives (Table 2).

2.6 Integration of the PHEDM Assessment Tool:
Seven-Phase Application

The PHEDM Assessment Tool was applied in both
Nausar and Salmata through a seven-phase process embed-
ded within community engagement and capacity-building
activities.

1. General Profile: Collected detailed information
about the Gram Panchayat’s physical, demographic,
socio-economic, and resource characteristics to build
local context understanding.

Threat and Hazard Identification: Threats and
hazards were systematically identified and prioritized
through community adapted FEMA THIRA method-
ology integrating historical data for each hazards
based in the number of events that have occurred
in the GP in the past 10 years from Indian Meteo-
rological Department/National Disaster Management
Authority (IMD/NDMA), Integrated Disease Surveil-
lance Programme (IDSP), and stakeholder consulta-
tions with district/block officials, frontline workers
(ASHAs/AWWs), and community leaders/volunteers.

Calculated Priority Risk Index (CPRI) Formula. To
prioritise its threats and hazards, the CPRI criteria
were used, which include four categories: (1) probabil-
ity, (2) magnitude/severity, (3) warning time, and (4)
duration. The CPRI tool is used to quantify and pri-
oritise risks by assigning numerical ratings to factors
such as probability, magnitude, warning time, and
event duration. It typically produces a score (e.g., 0—
4) that helps categorise risks as (Highly Likely, Likely,
Possible, or Unlikely) to guide mitigation.
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Table 2. Public Health Emergency and Disaster Management (PHEDM) timeline overview.

Key Activities

Obtain permissions and approvals

Team formation and orientation
Design and pretest PHEDM Tier I and II training modules
Update PHEDM Assessment Tool and field test

Phase Timeline
Preparation Month 1-2
Baseline Data Collection Month 2

Conduct risk assessments

Community mapping

Focus Group Discussions (FGDs)

Intervention Implementation Months 3-10

Develop a detailed micro plan

Tier I and I implementation

Formation of CERT/CEMT

Training of CEMT and CERT members

Development and activation of VDMP with Standard Operating Procedures (SoPs)

Monitoring & Supportive Supervision =~ Months 3, 6, 9, 12

Tier I and II pre- and post-test analysis

Periodic progress checks

Mid-term reviews

Tracking and documentation of SOP implementation

Endline Data Collection Month 12

Final risk assessments

FGDs and key informant interviews
Evaluate the functionality and sustainability of CERT/CEMT and VDMP

Analysis & Reporting Month 13

Data collation and analysis

Drafting and finalisation of the report

Dissemination workshop/sharing of findings with stakeholders

Table 3. Calculated Priority Risk Index (CPRI).

Dimension Weight Score 4 Score 3 Score 2 Score 1
Probability 0.45 Highly Likely  Likely Possible Unlikely
Magnitude/Severity  0.30 Catastrophic Critical Limited Negligible
Warning Time 0.15 <6 hours 6-12 hours  12-24 hours 24+ hours
Duration 0.10 >1 week <1 week <1 day <6 hours

CPRI formula.

CPRI value = (Probability x 0.45) + (Magnitude x
0.30) + (Warning Time x 0.15) + (Duration x 0.10)

The overall threat/hazard risk is calculated by weight-
ing each CPRI category, then combining them for a
total value (Table 3).

Through this process, a ranking is created, and the
top 10 are selected for PHEDM Tier 1 and II inter-
ventions.

Threat and Hazard Description and Impact:
Comprehensive data on each prioritised threat’s char-
acteristics, frequency, and effects on health, infras-
tructure, and livelihoods were gathered.

Key Informant Interviews: Qualitative interviews
were conducted with local experts and leaders to gain
insight into socio-cultural factors, vulnerabilities, and
existing response capacities.

Ascertainment of Core Capabilities: Evalu-
ated preparedness using the Planning, Organisation,
Equipment, Training, and Exercises (POETE) frame-
work through discussions with local officials.
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6. Community validation or additional data inte-
gration: Community feedback was incorporated to
validate and refine the data.

Final risk assessment consolidation, reporting,
and feedback: Synthesised findings into a risk reg-
ister at the community level for reporting and action
planning.

This stepwise application embedded the PHEDM tool
within wider community engagement and capacity-building
activities, supporting a comprehensive baseline assessment,
tailored micro-planning, and resilience interventions. This
participatory process fostered a decentralised, multisectoral
governance structure aligned with the NDMP 2019 and cen-
tred on community-led disaster risk governance. A defined
timeline and monitoring and evaluation frameworks were
established to track the progress and ensure accountability.

Additionally, the THIRA tool was adapted into the
PHEDM Assessment tool in collaboration with community
members and key stakeholders, supporting thorough hazard
identification, context analysis, and priority setting for ca-
pability development and micro-planning at the panchayat
level. This approach operationalised the policy rationale,
translating the NDMP and Sendai Framework principles
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Table 4. Data collection tools and methods aligned with study objectives.

S. No. Objective

1 Assess improvements in community
preparedness.

2 Evaluate the fidelity of intervention
implementation.

3 Measure community mobilisation

4 Capture qualitative insights into gov-

ernance trust and response confi-
dence.

Tools/Methods

PHEDM Assessment Tool (including Threat and Hazard Identification and Risk As-
sessment [THIRA]), Participatory Rural Appraisal (PRA), GIS-based risk and resource
mapping, domain scoring (Hazard Exposure, Vulnerability, Adaptive Capacity, Re-
source Availability, Composite Preparedness Index [CPI]), pre/post Preparedness In-
dex assessments, household and ward audits, institutional reviews.

Implementation fidelity checklists, training logs, Standard Operating Procedure (SOP)
adherence records, Community Emergency Management Team (CEMT) and Commu-
nity Emergency Response Team (CERT) roster updates, supervisor logs, after-action
reviews, and quarterly Preparedness Index dashboard updates.

Participation records (training sessions, community drills, Gram Sabha meetings),
Village Disaster Management Plan (VDMP) development and endorsement tracking,
community-based organisation (CBO) engagement logs, quantitative metrics of par-
ticipant diversity (inclusion of frontline workers, adolescents, self-help groups [SHGs]),
and community drill performance scores.

Focus Group Discussions (FGDs) with community members; Key Informant Interviews
(KIIs) with local leaders and stakeholders; thematic coding based on the STAR di-
mensions (likelihood, severity /impact, vulnerability, coping capacity); and qualitative
surveys on perceived trust in local governance and confidence in emergency response
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Fig. 2. PHEDM Assessment Process (adapted from THIRA Tool).

into shared ownership and preparedness at the village level,
and laying the groundwork for baseline assessments and tar-
geted interventions.

2.7 Community Engagement and Baseline Assessment

Community engagement commenced with preliminary
visits to the two selected village panchayats, during which
the study’s purpose and scope were communicated to com-
munity members. Subsequently, a local team was recruited
and trained in the PHEDM principles, community ethical
conduct and participatory methods (Table 4).

The baseline assessment utilised PHEDM’s three-step
THIRA methodology (threat/hazard identification, impact
evaluation, and capability target setting), as shown in
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Fig. 2, by employing participatory rural appraisal (PRA),
GIS-based resources, transect walk and risk mapping,
household and ward audits, and institutional reviews. Five
domains were assessed: (1) Hazard Exposure, (2) vulnera-
bility, (3) Adaptive Capacity, (4) Resource Availability, and
(5) Composite Preparedness. The indicators were scored on
a Likert scale (0-2), normalised to 0-1, and averaged for
each domain. A THIRA-style risk register uses weighted
criteria (probability, severity, warning time, and duration)
to generate a hazard profile.

The assessment process enables both communities to un-
derstand their risks and determine the capabilities required
to address them. It focuses on identifying potential threats
and hazards, assessing their impacts, and establishing ca-
pability targets to mitigate these risks.
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2.8 Intervention Implementation

The PHEDM five-tier model’s Tier I and II resilience
packages operationalise capability targets through concrete
community-level actions, including establishing and train-
ing Community Emergency Management Teams (CEMTS)
and Community Emergency Response Teams (CERTS).
The PHEDM Assessment findings—identifying hazards,
vulnerabilities, and risk factors—serve as the foundation for
developing both the Tier I and Tier II training packages and
for guiding the preparation of the Village Disaster Manage-
ment Plan (VDMP) and accompanying Standard Operating
Procedures (SOPs).

The VDMP was collaboratively developed, approved,
formalised, and ratified by the Gram Panchayat. These
SOPs cover early warning, evacuation, first aid, continuity
of Water, Sanitation, and Hygiene (WASH) services, and
critical aspects such as case clustering, outbreak identifi-
cation, reporting protocols, and community-level response
mechanisms, ensuring alignment with local capability tar-
gets and resource availability.

Capacity building focuses on critical thematic areas,
including first aid, cardiopulmonary resuscitation (CPR),
WASH (with an emphasis on community infection preven-
tion and control), fire safety, snake and animal bite man-
agement, drowning prevention, integrated child develop-
ment services (ICDS) within the Panchayati Raj Institution
(PRI) governance framework, and community-level disease
prevention, detection and response.

This approach integrates pre- and post-training knowl-
edge assessments and community drills to reinforce pre-
paredness behaviours and operational readiness, following
the timelines defined by the PHEDM’s measurable capabil-
ity targets. This strategy complies with the national guide-
lines for the health system’s integration, proactivity, and
preparedness. Together, these efforts develop measurable,
scenario-specific capacities that are systematically moni-
tored and evaluated through end-line assessments, linking
program implementation directly to outcome metrics.

2.9 Ongoing Monitoring

The Preparedness Index dashboard was updated quar-
terly, tracking metrics such as implementation fidelity,
participation, equipment uptime, CERT/CEMT status,
VDMP/SOP adherence, outbreak reporting, WASH func-
tionality, and drill performance. This is aligned with the
THIRA-Stakeholder Preparedness review for gap tracking.
Iterative reviews via supervisor logs, after-action reports,
and feedback sessions enabled mid-course adjustments.

2.10 Endline Assessment

The endline assessment exactly replicated the
PHEDM/THIRA baseline battery at both the interven-
tion and control locations to calculate the domain scores
and the Composite Preparedness Index (CPI). This enables
paired comparisons within the intervention site and inde-
pendent comparisons between sites to evaluate the impact
of Tier I and II packages on preparedness and governance.

The community risk register, modelled on the THIRA

73

Singh et al.

framework, is updated to reflect changes in hazard profiles,
projected impacts, and capability targets. This process is
supported by STAR-like risk matrices that guide prioritised
recommendations for subsequent panchayat planning cycles.
Qualitative endline data collection included focus group dis-
cussions (FGDs) and key informant interviews (KIIs) that
explored themes of local governance trust, community own-
ership, utilisation of early warning systems, and drill ex-
periences. These qualitative insights establish convergent
validity by linking intervention activities to the observed
preparedness outcomes, as detailed in the Results section.

2.11 Data Analysis

Qualitative data were thematically coded using the
STAR dimensions (likelihood, severity/impact, vulnerabil-
ity, and coping capacity) to explore governance, ownership,
and response confidence issues.

Quantitative analysis used individual household respon-
dents as the unit (Nausar n = 48 paired; Salmata n = 41
paired; total n = 49)

Primary Test: Paired t-tests (df = 47): Nausar pre-post
changes across four domains (Hazard Exposure, Vulnerabil-
ity, Resource Availability, Adaptive Capacity) + Composite
Preparedness Index (0-100 scale).

Independent t-tests (df = 87):
comparisons

Difference-in-Differences: Causal intervention effect

Effect size: Cohen’s d (0.2 = small, 0.5 = medium, 0.8
= large, 1.0 = very large).

Assumptions verified: normality (Shapiro-Wilk p >
0.05), equal variances (Levene p > 0.10).

Sensitivity analyses confirmed stability under alterna-
tive weights (0.20-0.30 range).

Endline between-site

2.12 Ethics Approval and Consent

Approvals were sought from the Secretary, Health, the
Secretary, Disaster Management, the District Magistrate,
and the Gram Pradhan of both villages. Consent: Adult
participants ( 18 years) provided written informed consent.
Low Literacy: Verbal consent with a thumb impression
(independent witness present). Participation: Voluntary
participation and no incentives were provided.

Aggregate reporting: Ensure anonymity. Ratio-
nale: No formal EC required per ICMR rural public health
guidelines for non-clinical interventions with administrative
approvals (ICMR, 2017).

2.13 Reporting

The findings were compiled into a report shared with
the community, district, state, and partner agencies, linking
policy rationale to assessments, interventions, monitoring,
and outcomes for scalability.

2.14 Participant Selection Criteria

Participants were selected via Gram Sabha, guided by
past disaster experiences and initial FGDs. The inclusion
criteria were local residents who were willing to learn or
volunteer. The exclusion criteria were non-residency and
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Fig. 3. Formation of Community Emergency Management Teams

inability to commit. Nausar (four villages: Nausar, Ishai
Nausar, Patiya Nausar, and Kutra Nausar) formed one
CEMT and five CERTS (one per village plus a backup).

2.15 PHEDM at Community Level

CEMT and CERT are innovated for village/ward-
level equipping with knowledge/capacity for emergen-
cies/disasters, linked to Rapid Response Teams (RRTSs) and
Disaster Response Forces for collaboration, as described in
Fig. 3.

2.16 Measuring Change Over Time

Twelve months after the intervention, the same assess-
ment tools and methodologies used at baseline were reap-
plied in both Nausar and Salmata to measure changes in
community resilience. This includes repeating the THIRA-
based risk and vulnerability assessment, resource mapping,
and recalculation of the composite risk index.

By using consistent metrics across both time points and
sites, this study identified specific changes in key indicators,
including preparedness levels, local governance participa-
tion, and community response capacity. The observed im-
provements in the intervention panchayat were interpreted
in the context of the structured interventions, while the con-
trol site served as a benchmark for comparing the results.

3 Results
3.1 Baseline Characteristics

At baseline, Nausar comprised 349 households and a
population of 1,893, with 28% of households belonging

7

(CEMTs) and Community Emergency Response Teams (CERTS).

to Scheduled Castes/Scheduled Tribes (SC/ST) and 40%
living below the poverty line. Functional Water, Sanita-
tion, and Hygiene (WASH) facilities were present in 73%
of households, and a primary health centre/sub-centre was
located within 3 km. Nausar had six trained frontline
health workers (FLWs), no Village Disaster Management
Plan (VDMP), and the Gram Pradhan had served for two
years. The community reported exposure to flooding with
a high score of 3 and moderate participatory risk awareness
(PRA score = 1), and two active community-based organi-
sations (CBOs).

Salmata, the control site, had 298 households, a popula-
tion of 1,780, 24% SC/ST, and 38% of the population below
the poverty line. WASH coverage was 656%, with no nearby
PHC/SC, five trained FLWs, no CERT teams or VDMP,
and similar Gram Pradhan tenure. Flood exposure was re-
ported at a score of 2, PRA-based risk awareness was very
low (score = 0), and there was one active community organi-
sation in the village. These characteristics were comparable
between the sites, supporting the quasi-experimental design
shown in Table 5.

3.2 Risk and Hazard Prioritization

Using the CPRI as per the PHEDM tool, floods (3.4)
and vector-borne diseases, dengue, and malaria (3.2), in-
cluding heat waves (3.2), were the top hazards in Nausar,
aligning with PRA rankings and community consultations.
Other identified threats included electrocution, flash floods,
Snakebites, Dam failure, typhoid fever, and diarrhea, which
informed the prioritized interventions displayed in (Ta-
ble 6).

4
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Table 5. Baseline demographic characteristics and risk-related infrastructure in the Nausar (intervention) and Salmata (control)

village panchayats.

Indicator Nausar Baseline Salmata Baseline Nausar Endline Salmata Endline
(Intervention) (Control) (Intervention) (Control)

Total Households 349 298 349 298

Population 1,893 1,780 1,893 1,780

% SC/ST Population 28% 24% 28% 24%

% Population Below Poverty Line  40% 38% 40% 38%

Functional WASH Facilities (%) 73 65 95 68

PHC/SC Availability within 3 km 1 0 1 0

Trained FLWs (ASHA/ANM) 6 5 48 5

Gram Pradhan Tenure (years) 2 2 2 2

Village Disaster Plan (VDMP) 0 0 1 0

Exposure to Floods (last 5 years) 3 2 3 2

PRA-based Risk Awareness 1 0 1 0

Community-based Organizations 2 1 2 1

Table 6. Calculated Priority Risk Index (CPRI) for Nausar
village hazards.

S. No. Hazard CPRI Score
1 Flood 3.4
2 Dengue 3.2
3 Malaria 3.2
4 Heat Wave 3.2
5 Flash Floods 3.1
6 Electrocution 2.95
7 Snakebites 2.8
8 Dam Failure 2.8
9 Typhoid Fever 2.8
10 Diarrhoea 2.8

3.3 The Domain Scores and Composite Preparedness
Index (CPI)

Domain scores (0-100 scale, Likert normalization) pro-
vided a THIRA-aligned evaluation of preparedness across
four domains.

Baseline: Nausar exhibited moderate Vulnerability (34.0
+ 8.49), low Resource Availability (25.33 4 41.28), minimal
Adaptive Capacity (2.10 £ 2.20), high Hazard Exposure
(3.00), and low Composite Preparedness Index (14.50 +
24.00). Salmata profiles similar (all p > 0.65) as shown
in (Table 7)

Endline, Nausar demonstrated significant paired im-
provements in Adaptive Capacity (p = 0.04, Cohen’s d
= 0.89 large) and CPI (p = <0.01, d = 1.12 very large).
Salmata remained stable. Between-site endline comparisons
non-significant (CPI p = 0.63; descriptive only), consistent
with Difference-in-Differences confirming intervention effect
(4+21.7 points, p < 0.001).

Sensitivity analyses confirmed score robustness across
weighting scenarios.

In comparison, Salmata, the control site, maintained rel-
atively stable scores across all domains and the compos-
ite index, with negligible changes from baseline to endline,
highlighting the impact of targeted interventions in Nausar.
These domain scores and the CPI offer valuable insights into

(0]

specific areas of strength and vulnerability within commu-
nities, guiding future risk reduction strategies and resource
allocation to sustain and build on the gains achieved.

3.4 Intervention Implementation and Community Mo-
bilization

The absence of a VDMP at baseline in Nausar under-
scores the urgency and focus of the intervention efforts.
The intervention engaged 113 participants, including FLWs,
ASHAs, PRI members, community members, and adoles-
cents, who took part in capacity building exercises across
multiple thematic modules including, (1) formation and
training of CEMT and CERT teams, (2) development and
successful Gram Sabha endorsement of the first VDMP tai-
lored to local hazards and risk assessment findings, (3) con-
duct of multi-hazard mock drills simulating floods and dis-
ease outbreaks, which resulted in developing standard oper-
ating procedures for activation of VDMP, and (4) thematic
training focusing on outbreak management (vector borne
diseases), first aid, CPR, flood preparedness, snake bite
management, electrocution risk, and fire safety, as added
in (Table 8).

3.5 Preparedness Index Change and Effect Size

Significant improvements in Nausar included CPI (from
14.50 to 36.50; Cohen’s d = 0.85, large effect), WASH fa-
cilities (73% to 95%; ~0.2, large), trained CERT members
(6 to 48; very large), and community participation in drills
(12% to 68%; 1.0, very large). Salmata showed minimal
changes, supporting intervention attribution, as shown in
Table 9.

3.6 Validation of PHEDM Microplanning Framework

Community leaders and district authorities reported
that the PHEDM tool was effective and user-friendly. Indi-
cators of its replicability included smooth adoption by local
stakeholders, Gram Sabha endorsement of SOPs, and early
scale adoption in other states.
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Table 7. Domain scores and Composite Preparedness Index (CPI) at baseline and endline.

Domain Nausar Baseline Salmata Baseline p-value Nausar Endline Salmata Endline p-value (Endline)
(n = 48) (Mean = SD) (n = 41) (Mean & SD) (Baseline) (n = 48) (Mean = SD) (n = 41) (Mean £ SD) Independent t (87)

Vulnerability 34.00 £ 8.49 31.00 = 9.90 0.78 34.00 & 8.49 31.00 &+ 9.90 0.78

Resource Availability 25.33 + 41.28 22.00 + 37.24 0.92 32.00 + 48.21 23.00 + 38.97 0.85

Adaptive Capacity 2.10 +£ 2.20 1.50 £+ 2.38 0.65 11.50 £+ 17.10 1.50 £ 2.38 0.04

Hazard Exposure 3 2 N/A 3 2 N/A

Composite Preparedness  14.50 £ 24.00 13.60 £ 22.18 0.88 36.50 + 22.50 13.90 £ 22.96 0.63

Note: High Standard Deviations (SD) reflect rural infrastructure inequality (32% full access vs 68% limited) and binary pre/post shifts (floor to ceiling effects).

Table 8. Number of participants in capacity building exercises.

Category

Health (FLWs, Officers, CHO)

Anganwadi/ICDS
PRI/Local Government
Disaster/SDRF /Fire

Community, Adolescents, SHGs

CBOs/NGOs/Others

Number of Participants
9

10

12

21

49

12

Table 9. Pre- and post-intervention outcomes in Nausar and Salmata across key preparedness indicators.

Indicator Nausar Baseline Nausar Endline Salmata Baseline Salmata Endline Pooled SD Cohen’s D / Effect Size
Preparedness Index (mean, SD)  14.50 £ 24.00 36.50 £ 22.50 13.60 + 22.18 13.80 + 22.00 22.5 0.85 / Large

Functional WASH Facilities (%) 73 95 65 68 - ~0.2 / Large

Trained CERT Members 6 48 5 0 N/A oo / Very Large
Community Participation (%) 12 68 15 16 - 1.0 / Very Large

3.7 Qualitative Findings

The thematic analysis of focus group discussions (FGDs)
and key informant interviews (KIIs) in Nausar revealed in-
creased community trust in governance, stronger local own-
ership of preparedness activities, and greater confidence in
emergency response. In contrast, Salmata participants ex-
pressed an ongoing dependence on external agencies and
limited engagement with formal preparedness mechanisms.

4 Discussion

This Discussion is structured around the three pre-
specified objectives: Objective 1 (preparedness and adap-
tive capacity indices), Objective 2 (Tier I-II implementa-
tion and community mobilisation), and Objective 3 (barri-
ers and facilitators for scaling the PHEDM model). This
quasi-experimental study demonstrates that Panchayat-led
PHEDM interventions significantly improved community
preparedness in the intervention village of Nausar relative
to the control village of Salmata. Addressing Objective 1,
the observed gains in CPI, adaptive capacity, WASH cov-
erage, and drill participation indicate that the +22-point
increase in the CPI, accompanied by a very large effect
size (Cohen’s d = 1.12) and statistically significant Differ-
ence-in-Differences estimates (p < 0.001), provides strong
evidence suggesting a causal impact of the PHEDM in-
tervention; these Objective 1 findings provide the quan-
titative backbone for the PHEDM evaluation. However,
to complement the Difference-in-Differences approach, fu-
ture randomized or stepped-wedge evaluations would help
more definitively establish causality for PHEDM-related
preparedness gains. These findings reinforce the proposition
that decentralized, locally anchored governance structures,
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such as community management CEMT and community re-
sponse forces (CERT), can serve as effective platforms for
strengthening disaster preparedness and health resilience.
This reflects improvements in how local actors coordinate,
plan, and assume defined responsibilities, rather than for-
mal changes in institutional structures at this stage. The
magnitude of improvement observed in preparedness out-
comes suggests that institutional activation at the Gram
Panchayat level can meaningfully shift community readi-
ness within a relatively short implementation period. Im-
portantly, adaptive capacity gains (4+9.4 points, p = 0.04)
indicate not only procedural compliance but also the struc-
tural strengthening of local systems, including planning pro-
cesses, role clarity, and community engagement.

These results align with Indian and global research on
reducing disaster risk through community involvement, as
the NDMA and United Nations interventions in India have
highlighted that sustainable disaster resilience hinges on or-
ganised community mobilisation and capacity building at
the grassroots level, especially through customised micro-
planning and decentralised decision-making through Pan-
chayati Raj Institutions (PRIs). In relation to Objective
2, Tier I-1I implementation and community mobilisation
manifested through strengthened VDMP, expanded CERT
membership, and increased early-warning ownership, with
dramatic increases in CERT members, WASH functional-
ity, and community drill participation in Nausar mirroring
previous multi-state evidence that awareness-raising, vol-
unteer training, regular drills, and local institutional own-
ership contribute to more proactive, long-term prepared-
ness, which is expected to reduce dependence on exter-
nal responders over time, even though this outcome was
not directly measured in the present study. Together,
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these Objective 2 results illustrate how PHEDM translated
into day-to-day practices at the community and frontline
levels. Similar interventions have shown measurable re-
sults in comparable settings in India. For instance, the
large-scale rollouts of the Disaster Risk Management Pro-
gramme, funded by the Government of India and the
UNDP, illustrated how village committees, regular iter-
ations of simulation exercises, and sustained multi-tiered
leadership involvement shifted perceptions and changed
outcomes in disaster-affected areas, especially in Bihar and
Odisha. Similarly, during the 2018 Kerala flood, sponta-
neous community actions—neighbourhood rescues and vol-
unteer networks—demonstrated resilience mechanisms that
aligned with Panchayat Health Emergency Disaster Man-
agement’s social capital activation (Joseph et al., 2020).
Moreover, good practices in community-based disaster risk
management indicate that community volunteers’ and local
leaders’ active engagement in India and worldwide improves
initial response efforts, lowers mortality rates, and supports
the sustainable reduction of risk, particularly when local-
specific knowledge, contextualised training, and social di-
versity are integrated. Additionally, a systematic review
shows that early warning systems in disasters demonstrate
that community engagement enhances the effectiveness of
disaster early warning, with emphasis on local capacity,
social networks, and community ownership (Sufri et al.,
2020). Similarly, the interventions of this study, creating
CEMTs and CERTs, demonstrated a significant improve-
ment in community-level preparedness capabilities, enhanc-
ing early response capabilities, improving local-level coor-
dination, and facilitating sustainable risk reduction, espe-
cially when local knowledge, context-driven training, and
social heterogeneity are addressed.

In relation to Objective 3, this study expands on pre-
vious community preparedness work by operationalising a
structured PHEDM tool, applying a mixed-methods eval-
uation, and explicitly aligning village-level implementation
with national NDMP and international (Sendai Framework)
guidance, thereby adding quantitative depth to earlier qual-
itative governance insights. Together, these Objective 3 in-
sights inform how PHEDM could be adapted and scaled
across other gram panchayats. While past studies report
variable implementation fidelity or partial integration with
official health and disaster systems, the PHEDM model’s
close alignment with national (NDMA, 2019) and interna-
tional (Sendai Framework) guidelines enhances its credibil-
ity and transferability. The marked improvements across
preparedness indicators in Nausar, particularly when con-
trasted with the stability in Salmata, underscore the efficacy
of the PHEDM model. Domain-specific changes, including
adaptive capacity, functional WASH infrastructure, and a
dramatic increase in trained CERT members, demonstrate
how tailored, community-driven interventions yield measur-
able resilience.

However, some challenges identified in previous research
were also observed here, including persistent vulnerability
domains tied to wider socioeconomic issues, confirming the
NDMA’s and NITI Aayog’s assessments that disaster re-
silience must be linked with poverty alleviation and health
equity. The control village’s ongoing dependence on exter-
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nal actors rather than internal mobilisation reinforces the
literature’s emphasis on the critical importance of commu-
nity buy-in and ongoing leadership development for sus-
tained impact.

4.1 Sustainability and Scalability

A critical factor for the long-term success of the PHEDM
intervention is institutionalising its components within local
governance frameworks. Embedding Village Disaster Man-
agement Plans (VDMPs) and Community Emergency Re-
sponse Team (CERT/CEMT) activities into ongoing Gram
Sabha sessions and Panchayat planning processes will foster
ownership and program continuity. To maintain capacity
gains, continued refresher training and mentoring of front-
line workers and elected leaders are vital. Moreover, re-
source mobilisation through government schemes and com-
munity contributions requires strategic advancement to sus-
tain operations after the project. Coordination with dis-
trict and state disaster authorities will facilitate technical
support and enable replication across other vulnerable Pan-
chayats.

4.2 Economic Feasibility

Although a comprehensive cost-effectiveness analysis is
beyond the scope of this study, preliminary observations
indicate that leveraging volunteers and existing frontline
workers (ASHAs and ANMs) substantially enhances cost ef-
ficiency. Future research should quantify programmatic in-
vestments alongside projected reductions in disaster-related
morbidity, mortality, and health system strain. Such eco-
nomic evidence will be crucial in convincing policymakers
and funding agencies of the value of scaling the PHEDM
model in resource-constrained rural settings.

4.3 Integration with Health Systems

The synergy between the PHEDM model and for-
mal health systems, enabled by trained frontline workers,
strengthens early detection, case management, and out-
break response. Establishing routine communication chan-
nels, joint training programs, and integrated multi-hazard
drills between community emergency teams and district
health offices could optimise health emergency responses
and resilience at multiple system levels.

4.4 Study Limitations and Recommendations for Fu-
ture Research

The limited geographic scope, two-panchayat sample,
short follow-up period, and context-specific challenges (e.g.,
local socio-political dynamics or unforeseen community re-
sistance) warrant cautious interpretation. Additionally,
while Difference-in-Differences analysis strengthens causal
inference, the quasi-experimental design means that unob-
served confounders cannot be entirely ruled out, necessitat-
ing cautious interpretation of direct causal links. Further
research should monitor longer-term outcomes and broader
environmental and social determinants to tailor interven-
tions. The relatively low response rate (14%) in house-
hold surveys across both sites may introduce selection bias,
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potentially affecting the representativeness of our sample
and the generalisability of our findings even within the stud-
ied panchayats.

4.5 Broader Applicability

The adaptable five-tier PHEDM framework is suitable
for diverse disaster-prone rural and peri-urban settings in
India and beyond, providing a scalable model aligned with
national and global resilience goals.

5 Conclusions

This study demonstrates that panchayat-led PHEDM
can produce substantial and measurable improvements in
community preparedness within a structured, risk-informed
framework. While structural vulnerability remains, pro-
cesses have improved, and community trust and owner-
ship have been measurably strengthened. By develop-
ing a village disaster management plan, institutionalis-
ing CERT/CEMT teams, implementing risk-informed mi-
croplanning, and continuously building capacity within offi-
cial villages through simulation exercises and PRI processes,
preparedness indices showed marked improvement, and
community trust and ownership were measurably strength-
ened.

To maximise and sustain these gains, future practice
should focus on the deeper integration of participatory risk
assessment tools into panchayat governance cycles, periodic
refresher training for local teams, and leveraging digital and
predictive technologies, such as artificial intelligence and
machine learning. Embedding these interventions within
ongoing public health and climate adaptation programs,
and aligning them with NDMP and Sendai Framework
goals, offers a viable blueprint for scalable, replicable rural
resilience strategies across India and other disaster-prone
settings.
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