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Climate change poses a serious threat to human health and is a key driver of 
both health system stress and disaster-related health impacts. As climate-related 
crises become more frequent and intense, the likelihood of climate-induced 
disasters increases, bringing a wide range of health consequences, including 
climate-sensitive diseases (CSDs) and exacerbating health inequities. Strengthening 
disaster preparedness in health facilities is essential for managing increased service 
demands, ensuring continuity of care, and minimizing the impact of disasters on 
communities. However, there is limited evidence on how well health facilities 
are prepared to manage climate-related disasters and deliver CSD diagnosis and 
treatment services, particularly in low-and middle-income countries (LMICs) 
such as Nepal. This study aims to address that gap by linking data from the 
2021 Nepal health facility Service Provision Assessment survey with local-level 
climate-related disaster data from the Nepal Disaster Risk Portal (2018–2020). 
We explore climate related disaster preparedness and the availability of CSD-related 
services across different types of health facilities, assessing overall emergency 
preparedness and the availability of six CSD services based on their past exposure 
to disasters. Furthermore, we  compare differences in preparedness and CSD 
service availability between facilities with high and low levels of disaster exposure. 
The study provides an overview of how well various types of health facilities are 
prepared to respond to climate-related disasters and CSDs, while also highlighting 
disparities in preparedness and service availability across facility types. Although 
the findings indicate some degree of adaptation of some type of health facilities 
to climate-related disaster exposure, it calls for comprehensive assessments that 
integrate all components of a climate-resilient health system as defined by the 
WHO, to support evidence-based planning and strengthen Nepal’s progress toward 
a climate-resilient health system.

KEYWORDS

disaster preparedness, climate sensitive diseases, climate resilient health systems, 
climate change, climate change and health, LMICs, Nepal

OPEN ACCESS

EDITED BY

Adugna Woyessa,  
Ethiopian Public Health Institute, Ethiopia

REVIEWED BY

Connie Cai Ru Gan,  
Griffith University, Australia
Nathan Myers,  
Indiana State University, United States

*CORRESPONDENCE

Melanie Boeckmann  
 melanie.boeckmann@uni-bremen.de  

Sudeepa Khanal  
 sudeepa.khanal@uni-bielefeld.de

RECEIVED 09 May 2025
ACCEPTED 25 August 2025
PUBLISHED 25 September 2025

CITATION

Khanal S, Schubert T, Boeckmann M and 
Pradella F (2025) Assessing health facility 
preparedness in Nepal for addressing 
climate-related disasters and 
climate-sensitive diseases.
Front. Clim. 7:1625829.
doi: 10.3389/fclim.2025.1625829

COPYRIGHT

© 2025 Khanal, Schubert, Boeckmann and 
Pradella. This is an open-access article 
distributed under the terms of the Creative 
Commons Attribution License (CC BY). The 
use, distribution or reproduction in other 
forums is permitted, provided the original 
author(s) and the copyright owner(s) are 
credited and that the original publication in 
this journal is cited, in accordance with 
accepted academic practice. No use, 
distribution or reproduction is permitted 
which does not comply with these terms.

TYPE  Original Research
PUBLISHED  25 September 2025
DOI  10.3389/fclim.2025.1625829

https://www.frontiersin.org/journals/climate
https://www.frontiersin.org/journals/climate
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fclim.2025.1625829&domain=pdf&date_stamp=2025-09-25
https://www.frontiersin.org/articles/10.3389/fclim.2025.1625829/full
https://www.frontiersin.org/articles/10.3389/fclim.2025.1625829/full
https://www.frontiersin.org/articles/10.3389/fclim.2025.1625829/full
https://www.frontiersin.org/articles/10.3389/fclim.2025.1625829/full
https://www.frontiersin.org/articles/10.3389/fclim.2025.1625829/full
mailto:melanie.boeckmann@uni-bremen.de
mailto:sudeepa.khanal@uni-bielefeld.de
https://doi.org/10.3389/fclim.2025.1625829
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/climate#editorial-board
https://www.frontiersin.org/journals/climate#editorial-board
https://doi.org/10.3389/fclim.2025.1625829


Khanal et al.� 10.3389/fclim.2025.1625829

Frontiers in Climate 02 frontiersin.org

1 Introduction

Climate change is a global health priority, impacting public 
health through both direct and indirect effects. Factors such as 
rising temperatures, rising sea levels, ocean acidification, and more 
extreme weather events contribute to increased health 
vulnerabilities (Keim, 2008; Birkmann and von Teichman, 2010). 
With the increasing frequency of extreme weather and climate-
related crises, the risk of climate-related disasters grows, leading to 
a wide range of health consequences (International O, 2025). These 
include immediate effects such as injuries and fatalities, as well as 
natural and human system-mediated impacts such as air pollution, 
exposure to climate sensitive diseases (CSD) including vector-borne 
diseases, mental stress and undernutrition (Guihenneuc 
et al., 2023).

Healthcare systems play a critical role in managing and 
recovering from disasters impacts. Health facilities (HFs) should 
remain operational during disasters, with sufficient capacity to 
manage surges in patient volume. They are required to respond to 
evolving threats and operational challenges, and to coordinate 
effectively with broader emergency management systems (Arboleda 
et  al., 2009). As such, effective disaster preparedness in HFs is 
essential to ensuring service continuity, managing increasing 

demand, and minimizing disaster effects on communities (Arboleda 
et al., 2009).

The World Health organization (WHO) promotes a climate-
resilient health systems framework, which comprises ten key 
components: (1) leadership, (2) a climate-smart workforce, (3) risk 
assessments, (4) early warning systems, (5) research, (6) sustainable 
infrastructure, (7) environmental health management, (8) climate-
informed programs, (9) emergency preparedness, and (10) financing. 
Among these, emergency preparedness and management are critical 
elements for ensuring that the health systems can anticipate, respond 
to, and recover from climate-related shocks (WHO, 2015). These 
components align with WHO’s six health system building blocks: 
workforce, information systems, medical technologies, financing, 
governance, and service delivery (Figure 1).

Furthermore, the WHO provides guidelines for assessing the 
Hospital Safety Index (HSI) for hospitals focusing on several key 
domains such as hazard exposure, structural and non-structural 
safety, health system capacity, and hospital vulnerabilities (WHO, 
2015). Similarly, the Health Emergency and Disaster Risk 
Management (Health EDRM) framework also presents a 
comprehensive, risk-based approach to strengthen health systems’ 
preparedness, response, and resilience to disasters (WHO, 2019). 
Despite the availability of these frameworks, there is no standard 

FIGURE 1

Ten components comprising the WHO Operational framework for climate-resilient health systems and the main connections to the building blocks of 
health systems (WHO, 2015).
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definition in the literature for assessing disaster preparedness. A 
systematic review reveals a lack of consensus regarding the definition 
and implementation of disaster preparedness in hospitals (Verheul 
and Dückers, 2020).

Emergency preparedness and disaster preparedness are terms 
often used interchangeably in literature. The WHO and the United 
Nations Office for Disaster Risk Reduction (UNDRR) define these 
concepts in similar terms, but with notable differences in scope. 
The WHO describes emergency preparedness as the knowledge 
and capacities to effectively anticipate, respond to, and recover 
from the impacts of likely, imminent, or current hazardous events 
or conditions, which may or may not escalate into disasters 
(WHO, 2017). In contrast, the UNDRR defines disaster 
preparedness more specifically as the knowledge and capacities 
developed by various stakeholders to anticipate, respond to, and 
recover from the impacts of likely, imminent, or current disasters. 
This includes activities such as contingency planning, stockpiling 
essential equipment and supplies, establishing coordination and 
evacuation protocols, disseminating public information, and 
conducting related training and drills (UNDRR, 2017). Response 
is one of the key elements within the broader framework of 
emergencies and/or disaster preparedness. In this paper, even if 
the terms ‘disaster preparedness’ and ‘emergency preparedness’ are 
sometimes used interchangeably, our focus is specifically on 
climate-related disasters.

Although disaster preparedness and response efforts for climate 
resilience increasingly recognize the critical role of the health sector, 
a limited understanding of how this recognition is translated into 
practice remains. Insights from the literature highlight key 
components of overall HF preparedness, such as the development of 
disaster plans, adequate staffing, effective coordination, and training 
(Verheul and Dückers, 2020; WHO, 2017). However, most existing 
studies to date addressing this issue have primarily focused on the 
infrastructural capacity for understanding resilience of HFs. In 
contrast, comparatively less attention has been given to their 
preparedness for managing climate-related disaster events and 
providing diagnostic and treatment services for CSDs, which 
commonly emerge in the aftermath of such events (Heidaranlu et al., 
2015). Moreover, the majority of disaster preparedness research 
originates from high-income countries (HICs) and is largely centered 
on tertiary level hospitals. A scoping review mapping the academic 
evidence base for disaster planning and management in the health 
sector within Low-and Middle-Income Countries (LMICs) reveals a 
significant lack of research on disaster preparedness in these regions. 
While in HICs, the focus is primarily on emergency preparedness, 
efforts in LMICs are more often directed toward disaster response (Lee 
et al., 2014). Despite the growing number of studies on the health 
impacts of disasters and mounting evidence indicating that LMICs are 
more vulnerable to climate related disasters, the evidence supporting 
how to best ensure preparedness of HFs for addressing the health 
effects of disasters in these settings remains understudied (Schwerdtle 
et al., 2024).

1.1 Key terms and concepts used in the 
study

Table 1 summarizes the key definitions and concepts that guide 
this study, highlighting disaster classifications and the central role of 
health systems and preparedness in reducing climate-related risks 
and impacts.

1.2 Climate change and disaster 
preparedness in Nepal

Nepal, a federal democratic republic in South Asia, is a landlocked 
country with a population of more than 29 million. Divided into three 
ecological regions-mountains, hills, and the Terai, the country’s terrain 
varies greatly, ranging from towering mountains like Mount Everest 
(8,848 m), to low-lying plains in the south where elevations drop 
below 100 meters (Bank WBGaAD, 2021). Nepal ranks fourth on the 
Global Climate Risk Index, highlighting its vulnerability to climate-
related hazards (MoFE, 2021).

Since transitioning to a federal governance system in 2017, the 
country has operated through three administrative levels: one federal 
government, seven provincial governments and 753 local governments 
(which include metropolitan cities, sub-metropolitan cities, urban 
municipalities, and rural municipalities) (MoFE, 2021). Each year, the 
country experiences frequent disaster events that result in significant 
loss of life (MoHA G, 2022a). Many of these fatalities are caused by 
climate-related disasters such as thunderstorms, forest fires, and floods 
(MoHA G, 2022b). With ongoing climate change, both the frequency 
and severity of these climate related disaster events are projected to 
increase (Tome et al., 2022). The country’s diverse geography further 
heightens its susceptibility to extreme climatic events. For example, 
the Terai region, in particular, faces increased flood risks during the 
monsoon season when intense rainfall coincides with snow and 
glacier melt from higher elevations (MoHA G, 2024).

The Nepal National Adaptation Program of Action (NAPA) 
identifies public health as one of the sectors most vulnerable to climate 
change (MoFE, 2021). Growing evidence indicates that climate 
variability is increasingly affecting health outcomes, with 
vulnerabilities differing across regions and diseases. For instance, 
seven districts in the Terai and two in the Far West Mountains are 
classified as highly vulnerable, while areas in the Central Terai, 
Mid-Western Hills, and Western Hills are considered moderately 
vulnerable. In contrast, parts of the Western and Central Hills exhibit 
relatively low vulnerability (MoH G, 2015).

The country also reports varying levels of CSD-specific 
vulnerabilities. Between 2005 and 2020, malaria cases in Nepal 
exhibited a gradual decline, with the majority of districts reporting 
fewer than 1,500 cases annually; however, several districts recorded 
over 3,000 cases during the period from 2005 to 2012. Japanese 
encephalitis incidence remained relatively stable below 1,000 cases per 
year, with a significant increase observed in 2017. Dengue cases 
increased markedly in 2020. Although undernutrition cases fluctuated 
overall, certain districts experienced a rise in prevalence. Additionally, 
new cases of kala-azar were reported in the hilly regions. Reported 
cases of mental illness escalated sharply, reaching a peak following the 
2015 earthquakes (MoHP G, 2022). These health challenges are 
influenced by factors such as geography, population dynamics, 
settlement patterns, occupational exposure, and socio-cultural 
conditions (MoHA G, 2024). Effectively addressing these issues may 
require tailored, context specific interventions to build resilience.

1.3 Disaster preparedness governance 
structures in Nepal

The Government of Nepal (GoN) is a signatory to the Sendai 
Framework for Disaster Risk Reduction (SFDRR) (MoHA G, 2022c), 
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and the Constitution of Nepal prioritizes disaster risk management 
(DRM) for all levels of government (MoFGA G, 2023). Key 
government policies such as the MoHA (2018b), the GoN (2017, 
amended 2018), and the National Disaster Risk Reduction National 
Strategic Plan of Action (DRRNSPA) (2018–2030), outline the need 
for enhanced disaster preparedness measures to strengthen disaster 
governance and response in the country. These documents emphasize 
priorities such as hazard modeling, emergency medical care 
enhancement, and integrated climate change adaptation with 
sustainable development (MoHA G, 2022c). For example, the 
DRRNSPA sets 32 targets, 18 priority actions, and over 270 activities 
to strengthen disaster response and risk management in Nepal 
(MoHA, 2018a). In alignment with SFDRR priorities, Nepal has also 
undertaken significant efforts in understanding disaster including: 
understanding disaster risk, strengthening disaster risk governance to 
manage disaster risk, investing in disaster risk reduction for resilience, 
and enhancing disaster preparedness for effective response and to 
“Build Back Better” in recovery, rehabilitation, and reconstruction 
(MoHA G, 2022b).

Nepal’s disaster management framework is multi-tiered, reflecting 
its federal governance structure (Figure 2). At the federal level, the 
National Council for Disaster Risk Reduction and Management 
(NCDRRM) is responsible for policy formulation, while the Ministry 

of Home Affairs (MoHA) leads disaster response. The National 
Disaster Risk Reduction and Management Authority (NDDRMA) 
(NDRRMA G, 2022), established in 2019 under the leadership of 
MoHA, implements disaster-related policies and coordinates efforts 
across all levels of government. It also manages the Nepal Disaster 
Risk Reduction (NDRR) portal, which records all disasters occurring 
across the country (MoHA G, 2019). This disaster database records 18 
disaster events, most of them are climate related (MoHA G, 2024). 
Additionally, the Cluster Coordination Mechanism under the MoHA 
includes representatives from all relevant line ministries, facilitating 
coordinated disaster response. This includes the Ministry of Health 
and Population (MoHP) and the Ministry of Forests and Environment 
(MoFE) (MoFE, 2021), the latter serving as the focal agency for 
climate change-related issues in Nepal.

At the provincial level, Provincial Disaster Management 
Committees (PDMCs) develop disaster plans and coordinate activities 
between national and local authorities. At the local level, Local 
Disaster Management Committees (LDMCs) and Ward Level Disaster 
Management Committees (WDMCs) focus on community-based 
preparedness and response (MoFGA G, 2023).

The MoHP is integral to disaster risk management (DRM) and 
climate change-related health concerns. Several policy documents 
outline the MoHP’s responsibilities, including the National 

TABLE 1  Key terms and concepts used in the study.

Key definitions and points considered by the study

Disasters The UNDRR defines disaster as “a serious disruption of the functioning of a community or a society at any scale due to hazardous events interacting 

with conditions of exposure, vulnerability and capacity, leading to one or more of the following: human, material, economic and environmental 

losses and impacts” [United Nations Office for Disaster Risk Reduction (UNDRR), 2017].

Classification of 

disasters and defining 

climate related 

disasters

According to the Emergency Events Database (EMDAT) (EM-DAT CU, 2025), disasters are classified into two main categories: natural and technological. 

Natural disasters are further divided into six types: geophysical, meteorological, hydrological, climatological, biological, and extraterrestrial.

Various sources (IPCC, 2001; WHO, 2024) establish that climate change has a far-reaching impact on all natural disasters. Therefore, this study 

focused on disaster events classified as climatological, biological, geophysical, hydrological, or meteorological, as these types of disasters are known 

to be influenced by climate change (hereafter referred in the study as climate-related disasters)

Emergency 

preparedness/disaster 

preparedness

Emergency preparedness in the context of climate change and health refers to the proactive measures taken to anticipate, respond to, and recover 

from the health impacts of climate-related hazards. It includes efforts to reduce disaster risks, prevent the emergence of new risks, limit existing risks, 

and enhance the resilience of communities and the global system to disasters. This encompasses both the planning phase, carried out before a 

disaster occurs, and the response phase, which takes place afterward (WHO, 2015).

Response is one of the key elements within the broader framework of emergencies and/or disaster preparedness. Disaster response in the context of 

health aims to reduce both the immediate and long-term health and economic consequences of disasters. A timely and efficient health response 

depends on risk-informed preparedness measures, such as strengthening the capacities of health facilities, healthcare workers, and communities to 

manage the surge in health needs during disasters. “Emergency health services” are a critical component of disaster response, providing specialized 

care and support to protect lives and reduce morbidity and mortality in emergency situations (UNDRR, 2022).

In this paper, “disaster preparedness” and “emergency preparedness” are used synonymously. Specifically, emergency preparedness refers to the 

capability of health facilities to reduce risks and respond effectively to the impacts of climate-related disasters.

Importance of health 

in climate related 

disasters

Various organizations including the World Meteorological Organization draw attention to the increasing risks of climate-related disasters that have 

significant impacts on human health and global sustainability. They emphasize the rising frequency and intensity of extreme events such as floods, 

storms, wildfires, and droughts, underscoring the urgent need for proactive measures to protect vulnerable communities and mitigate disaster 

related health impacts (WHO, 2015).

Climate resilient 

health system

WHO defines a climate resilient health system is one that is capable of anticipating, responding to, recovering from and adapting to climate-related 

shocks and stress, so as to bring sustained improvements in population health, despite an unstable climate (WHO, 2015).

Health risk The IPCC defines the health risks from climate change are the function of interactions between exposures to climate-related hazards, sensitivity, 

vulnerabilities of exposed population and natural systems, and adaptive capacity of the health systems to manage risks (IPCC, 2007, 2014).

Vulnerability (V) = (exposure + sensitivity - adaptive capacity)

Risk (R) = (Hazard*Vulnerability) (IPCC, 2014).
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Climate Change Policy 2019; National Health Policy 2019; the 
Nepal Health Sector Strategic Plan (2023–2030); and the Health 
National Adaptation Plan (H-NAP) 2016–2020 (Dhimal et  al., 
2017). Within the MoHP, the Health Emergency and Disaster 
Management Unit (HEDMU) oversees disaster preparedness, 
response, and recovery, while the Health Emergency Operation 
Center (HEOC) serves as the central command for emergency 
health response. At the sub-national level, provincial HEOCs have 
been established in all seven provinces to act as command centers 
for provincial governments during all emergencies and disasters 
and to coordinate with relevant health and non-health sector 
partners, to enhance preparedness and response readiness (WHO 
Ma, 2021).

Additionally, the Epidemiology and Disease Control Division 
(EDCD) of the MoHP monitors disease outbreaks, epidemics, and 
a few CSDs. As part of these efforts, an Early Warning and Reporting 
System (EWARS) a hospital-based sentinel surveillance system has 
been established in 134 hospitals across Nepal. EWARS is designed 
to strengthen the flow of information on outbreak-prone and 
vector-borne diseases and support timely responses by Rapid 
Response Teams (RRTs) at federal, provincial, and local levels. It 
complements the MoHP’s Health Management Information System 
(HMIS) by providing weekly, timely reports on six priority diseases/
syndromes along with other epidemic-prone conditions. However, 
effective reporting and coordination on climate change related 
issues among various divisions within the MoHP and other 

government sectors remains a persistent challenge (Khanal and 
Boeckmann, 2025).

Owing to the increasing frequency of disasters in the country 
(MoFE G, 2021), the MoHP has prioritized strengthening the 
resilience of health institutions, focusing on enhancing the capacity of 
hospitals and staff to respond effectively to disasters and public health 
emergencies. With support from the WHO, HEOC has helped 
hospitals to develop Hospital Disaster Preparedness Response Plans 
(HDPRPs) and to train personnel on various aspects of disaster 
preparedness such as implementing the Hospital Incident Command 
System (ICS) and managing surge capacity (Phuyal et  al., 2023; 
Adhikari et al., 2024).

The MoHP in collaboration with the Demographic and Health 
Survey (DHS) Program, conducted two rounds of the Service 
Provision Assessment (SPA) in 2015 and 2021. Alongside evaluating 
other health programs, these surveys included some indicators 
related to disaster preparedness, response capacity, and the 
availability of services for CSDs in selected HFs in Nepal (Ministry 
of Health and Population, Nepal; New ERA, Nepal; and ICF 
Nepal, 2022).

With the increasing threats posed by climate change, the GoN is 
committed to strengthening disaster preparedness and response, 
including efforts to address potential health impacts. However, despite 
these initiatives, there is still a limited understanding of how prepared 
HFs are to manage the health impacts of climate change, including 
those associated with climate-related disaster events and the provision 

FIGURE 2

Key institutional arrangement of Nepal to manage disasters and climate related health impacts [adapted from Nepal, Pashupati NRK, Sharma, Bishnu 
Prasad Pangali (2018).
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of CSD-related services. Furthermore, existing data from different 
government bodies have remained largely disconnected, preventing a 
comprehensive understanding of the intersection between climate 
related disaster frequency and the preparedness of HFs to respond to 
these climate related disaster events.

Drawing on data from the SPA survey 2021 and the Nepal Disaster 
Risk Reduction (NDRR) portal of MoHA, this study aimed to explore 
the preparedness of HFs for climate related disaster management and 
their service availability of CSDs across different levels of HFs in 
Nepal, particularly in relation to the frequency of climate related 
disaster events from 2018 to 2020. Specific objectives of the 
study included:

	 1	 To understand disaster preparedness and CSD service 
availability across different types of HFs.

	 2	 Based on climate-related disaster events exposure between 
2018 and 2020:

	 a	 comparing disaster preparedness and CSD service 
availability across facilities.

	 b	 assessing the availability of all six disaster preparedness 
indicators in HFs.

	 c	 exploring service availability for all six CSDs across different 
facility types.

2 Materials and methods

2.1 Survey data from the Service Provider 
Assessment (SPA) 2021

This study used data from the 2021 SPA survey, which assessed 
healthcare service availability, facility readiness, service quality, and 
client satisfaction in HFs across Nepal. The primary aim of the 
survey was to evaluate the availability and quality of essential 
health services, including maternal and newborn care, child health, 
family planning, NCDs, mental health, and selected infectious 
diseases. It also examined HF preparedness to deliver these 
services, identified gaps in resources and processes, and assessed 
adherence to quality standards. The survey was structured to yield 
nationally representative data across various types of HFs and 
aimed to produce representative findings for all seven provinces in 
Nepal. Detailed sampling information is available in the SPA 2022 
report (Ministry of Health and Population, Nepal; New ERA, 
Nepal; and ICF Nepal, 2022).

Using a stratified sampling approach, the SPA survey collected 
data from 1,633 HFs, including their GPS location coordinates. While 
the data only reports on the district location of the HFs, we merged 
in local level information based on an ESRI shapefile (vector data 
storage format for geographic information systems) including 
administrative boundaries at the local level and the GPS locations. 
This step was important to link HF information to disaster event data 
at the local level (instead of the less precise district-level information). 
To this end, we linked the point layer of the HFs from the SPA survey 
with the polygon layer of the ESRI shape file. For each SPA point, 
we calculated the polygon in which it was located and extracted the 
corresponding local level name (Nepal OD, 2018). Subsequently, 

we  merged in climate-related disaster exposure at the local level 
(see 2.2).

2.1.1 Selection of health facility/health outcome 
indicators

Altogether, six key indicators related to emergency and disaster 
preparedness, four indicators on basic emergency services and service 
availability for six CSDs were included in the analysis.

Given that this study relied on secondary data from the 2021 SPA 
survey, the analysis was constrained to the indicators available within 
the dataset. All disaster preparedness indicators documented under 
the disaster management section of the SPA assessment were selected. 
This comprised of six components (a) drill-down exercises, reported 
and (b) observed (c) outbreak management plans, (d) mass casualty 
plans, and the presence of (e) functional Incident Command System 
(ICS) and (f) Rapid Response Team (RRT).

Several of these indicators also align with the domains of HSI 
(WHO, 2015) and the WHO’s Health Emergency and Disaster Risk 
Management framework (Health EDRM) (WHO, 2019).

For basic emergency services, only those explicitly and directly 
related to disaster preparedness were selected. These included the 
availability of (a) general emergency management and referral, (b) 
minor surgical services, (c) acute pain management and referral, and 
(d) isolation rooms.

The selection of CSDs was based on Nepal’s Health Vulnerability 
and Risk Assessment for Climate Change, conducted by the MoHP 
which identified 12 CSDs. This includes seven vector-borne diseases 
(malaria, kala-azar, Japanese encephalitis, scrub typhus, dengue, 
zika, and chikungunya), two food-and water-borne diseases 
(cholera and acute gastroenteritis), one respiratory disease (severe 
acute respiratory infections), and two other conditions 
(undernutrition and mental illness) (MoHP G, 2022). Only five of 
these diseases (malaria, leprosy/dengue/filariasis, kala-azar 
(leishmaniasis), mental health and child malnutrition) were covered 
in the 2021 SPA (Ministry of Health and Population, Nepal; New 
ERA, Nepal; and ICF Nepal, 2022), and were selected for analysis. 
In addition, CVD was included due to its increasing recognition as 
a CSD, linking environmental stressors to adverse cardiovascular 
outcomes (Watts et al., 2021; Kazi et al., 2024), and its inclusion as 
an indicator in the SPA assessment.

We excluded standalone HIV Testing and Counselling (HTC) 
centers from the SPA 2021 dataset because they do not offer any 
additional CSD-related services.

2.2 Climate related disaster events data

Climate-related disaster event data was sourced from the NDRR 
(Nepal Disaster Risk Reduction Portal [Internet], n.d.) Portal of the 
MoHA, a public domain dataset available from the GoN. We selected 
data on disasters occurring between 2018 and 2020 at the local levels 
where the 2021 SPA survey was conducted.

As Nepal began its transition to a federal system in 2015, no 
complete local-level data was available for earlier time periods. Since 
the transition lasted until 2017, we considered data from 2018 onwards 
to capture more accurate representation of the new federal system, in 
which provincial and local governments took on more clearly defined 
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roles within the federal framework. Despite this, climate related 
disaster events in many cases were still reported according to the old 
administrative structures (district wise). Moreover, since some VDCs 
were restructured at the ward level, certain entries required manual 
adjustments. To address this, we compared the originally reported 
locations of these events (from the NDRR portal) with the updated list 
of administrative units from various government sources and 
reclassified them according to the new local levels. This alignment 
enabled effective integration of the disaster events data with the SPA 
2021 data. The dataset covered the total number of disaster events, 
categorized by type and location.

2.2.1 Selection of disaster events data
To capture and classify the disaster events in Nepal, we followed 

the International Disaster Database classification for disasters 
(EMDAT) (EM-DAT CU, 2025) which is also adopted by the NDRR 
guideline (GoN, 2017). The study focused on natural disasters 
classified as climatological, biological, geophysical, hydrological, or 
meteorological, as these types of disasters are known to be influenced 
by climate change (referred to as climate-related disasters as explained 
in Table 1) (EM-DAT CU, 2025).

Furthermore, only climate related disaster events with 
complete data for all 3 years (2018–2020) were included in the 
analysis. As a result, six types of disaster events were selected: 
floods, landslides, thunderbolts, heavy rainfall, windstorm and 
high-altitude events.

2.3 Analysis

The goal of this study was to document HF preparedness for 
climate-related disaster events in Nepal and to explore whether past 
exposure to such events is associated with more emergency 
preparedness and service availability for CSDs. Three types of outcome 
variables were analyzed:

	 a	 Emergency preparedness indicators.
	 b	 Basic emergency service availability indicators.
	 c	 CSD diagnosis and treatment service availability.

Additionally, we calculated the percentage of HFs that had all six 
emergency preparedness indicators and all six CSD services available, 
categorized by facility type, using a threshold of exposure to more 
than five disaster events.

Climate-related disaster event exposure was defined based on the 
number of events on local level where the HF was located. HFs were 
classified as high exposure if they experienced more than five events 
between 2018 and 2020; and as low exposure if they experienced up 
to five events. The exposure threshold of five or more events was 
determined based on the distribution of these disaster events at local 
level during that period. Approximately 48% of HFs reported 
experiencing up to five events, whereas only about 25% had 
experienced more than ten events. Nevertheless, we conducted an 
additional analysis for emergency preparedness indicators using a 
threshold of more than ten events to understand whether similar 
effect patterns occurred when looking at the higher cutoff.

Following descriptive analyses to document service availability by 
past disaster risk exposure, we performed mean comparisons to assess 

differences between HFs with lower and higher climate incident 
exposure in the years preceding the survey. Since the outcome 
variables were categorical, we  employed the χ2-test to identify 
differences in mean values between groups. The significance level was 
set at p < 0.05. Stata 18 was used for all statistical analyses and QGIS 
for linking climate and health facility data (based on geocoded 
location information of the HFs).

2.4 Ethical considerations

This study was based on an analysis of existing public domain 
survey data that are freely available online. The original SPA survey 
was approved by the Nepal Health Research Council (NHRC) and the 
Institutional Review Board of ICF International in the USA (Ministry 
of Health and Population, Nepal; New ERA, Nepal; and ICF Nepal, 
2022). Additionally, the authors obtained approval from the DHS 
program to use the secondary data from the survey.

3 Results

3.1 Disaster incidents and distribution of 
HFs

Between 2018 and 2020 a total of 12,226 disaster events were 
recorded on the portal. Only six of the climate-related disasters 
had complete data across all 3 years and were included in 
our analysis.

Overall, the data show a general upward trend in 
disaster occurrences, with some year-to-year variation. In 
total, 3,188 climate-related disasters from these six events were 
reported at the local levels where the HFs were located. The 
occurrence of these disaster events over time is illustrated in 
Figure 3.

The 2021 SPA included HFs from 70 local levels in its sampling 
frame. After removing the HTCs from the sample, our analysis 
included a total of 1,535 HFs, 83% in the public sector. Of those, 6% 
were federal hospitals, 3% local hospitals, 12% Primary Health Care 
Centres (PHCCs) and 62% Basic Healthcare Service (BHS) 
providers (including HP, UHCC). 17% of the HFs were private. All 
private facilities included in the samples were hospitals. The 
geographic distribution of different types of HFs included in the 
SPA 2021 survey along with the frequency of disaster events are 
shown in Figures 4, 5 respectively.

Between 2018 and 2020, HFs experienced an average of eight 
climate-related disaster events, each with the number ranging from 
zero to as many as 51. During this period, 97.27% of facilities were 
affected by at least one of the six disaster types-landslides being the 
most frequently reported, with an average of three incidents per facility, 
followed by thunderbolts, floods, rainfall, windstorms, and high-
altitude events (Annex 2). In terms of frequency of events experienced 
by the HFs, 25.3% of facilities reported more than 10 events, 24.45% 
experienced 6–10 events, 47.4% encountered 1–5 events, and only 2.7% 
reported none between 2018 and 2020. Data on at least one of our 
disaster events of interest were missing for 4% of HFs in 2020 (SD 
0.21), 5% in 2019 (SD.22), and 7% in 2018 (SD.25), indicating a slight 
improvement in data reporting over the three-year period.
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3.2 Health facilities preparedness

3.2.1 Key emergency preparedness indicators
Table  2 presents the general status of six key emergency 

preparedness indicators across HFs.

Overall, disaster preparedness among HFs in Nepal remains 
limited. Only 7% of HFs reported conducting a drill-down exercise as 
part of disaster preparedness training. Among all public HFs, regardless 
of type, only 4% had conducted drill down exercise, while 22% of the 
private HFs reported doing so. However, when comparing all public 

FIGURE 3

Occurrence of the six climate-related disaster events over time at local levels with health facilities (the number of disasters is displayed in absolute 
values).

FIGURE 4

Distribution of different types of HFs (included in SPA 2021) at various local levels.
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hospitals to private ones, 30% of public hospitals had conducted drill-
down exercise, surpassing the 22% reported by private hospitals. 
Federal and provincial hospitals had an even higher percentage at 38%, 
while local hospitals reported only 11%. Only 2% of PHCCs and 1% of 
BHS providers had conducted drill down exercises.

15% of all HFs reported having an outbreak management plan, but 
it was observed in only 5% of HFs. The public-private divide among 
hospitals showed 55% of all public hospitals reported having a plan, 
with 22% observed, while only 34% of private hospitals reported having 

a plan, with 12% observed. The percentage of outbreak management 
plans reported and observed was higher in federal and provincial 
hospitals (66 and 27%) compared to local hospitals (31 and 11%). 
Likewise, the percentage of the outbreak management plan observed 
in PHCCs, and BHS providers were 4 and 1%, respectively.

The mass casualty plan was reported in 16% of all HFs; present in 
10% of all public and 43% of private facilities. Among public hospitals, 
64% reported having the plan, including 66% of the federal and 
provincial hospitals and 31% of local level hospitals. Additionally, 13% 

FIGURE 5

Frequency of the six climate-related disaster events at the local level.

TABLE 2  Emergency preparedness indicators of different types of health facilities.

Key 
emergency 
preparedness 
indicators

Full sample 
N = 1,535

Public Private

All public 
facilities, 
N = 1,277

Public Hosp 
(Federal and 

provincial and 
local hosp.), 

N = 142

PHCC, 
N = 183

BHS providers, 
N = 952

Private hosp., 
N = 258

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Drill down exercise 0.07 0.26 0.04 0.20 0.30 0.46 0.02 0.13 0.01 0.08 0.22 0.41

Outbreak mgmt. plan 

reported
0.15 0.36 0.11 0.31 0.55 0.50 0.16 0.37 0.03 0.18 0.34 0.47

Outbreak mgmt. plan 

observed
0.05 0.22 0.04 0.19 0.22 0.41 0.04 0.19 0.01 0.09 0.12 0.33

Mass casualty plan 0.16 0.37 0.10 0.30 0.64 0.48 0.13 0.33 0.02 0.14 0.43 0.50

ICS functioning 0.09 0.28 0.06 0.24 0.39 0.49 0.05 0.23 0.01 0.10 0.24 0.43

RRT 0.17 0.38 0.14 0.35 0.66 0.47 0.23 0.42 0.05 0.21 0.32 0.47
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of PHCCs and 2% of other BHS providers reported having the mass 
casualty plan in place.

Overall, only 9% of all HFs had a functioning Incident Command 
System (ICS) in place. This was reported in 6% of all public HFs and 
24% of private facilities (hospitals). However, the percentage was 
higher in public hospitals (39%), with federal and provincial public 
hospitals reporting 49%, compared to 18% in local public hospitals. 
ICS functioning was relatively low in PHCCs at 5% and lowest among 
BHS providers at 1%.

Similarly, a Rapid Response Team (RRT) was available in 17% of 
all HFs, with 14% of public facilities and 32% of private facilities 
(hospitals) reporting their presence. Among public hospitals, 66% had 
RRT, with 75% in federal and provincial public hospitals and 47% 
in local public hospitals. Additionally, 23% of PHCCs and 5% of other 
BHS providers had it in place.

3.2.2 Basic emergency services availability 
indicators

Table  3 summarizes the selected basic emergency service 
availability across different types of HFs. Most selected emergency 
services were available in nearly all facilities; however, public 
hospitals generally demonstrated a higher availability across most 
indicators compared to private hospitals. The overall availability 
of isolation rooms was the lowest among the selected services 
(19%), with limited availability among the public hospitals (11%). 
Nevertheless, public hospitals still reported a comparatively 
higher proportion of isolation room availability than 
private hospitals.

3.2.3 Diagnosis and treatment service availability 
for the six CSDs

The availability of services for the selected CSDs varied across 
different facility types and diseases (Table 4). Service availability 
for CVD and child malnutrition were broadly available in both 
private and public facilities, as well as across different types of 
public facilities. While public hospitals showed better service 
availability for the CSDs, their availability in PHCCs was limited, 
especially in providing services for kala-azar and mental health. 
Public hospitals also consistently demonstrated a higher service 
availability than the private ones for all six CSDs.

3.3 Key emergency preparedness and 
services availability by exposure to disaster 
events in the preceding years

Comparing key disaster preparedness indicators between HFs that 
experienced more than five disaster events and those experiencing up 
to five events from 2018 to 2020 revealed no significant differences for 
most indicators. However, notable differences were observed in two 
indicators. The outbreak management plan (reported) was present in 
18.09% of facilities with exposure to more than five events, compared 
to 13.88% in those up to five events. Similarly, the availability of a mass 
casualty plan was higher in the more exposed group (20.52%) than in 
the less exposed group (14.63%).

Likewise, mean comparisons for two key basic emergency services-
minor surgical services and the availability of isolation rooms for 
infectious diseases, revealed significantly higher availability in HFs 
exposed to more than five disaster events, compared to those exposed 
to up to five events. Mean comparisons of CSD service availability 
between the two categories also yielded similar results, with no 
statistically significant differences observed as shown in Table 5.

When comparing the average preparedness of HFs based on their 
exposure to more than ten vs. a maximum of 10 disaster events, HFs 
that experienced more than ten disaster events showed significantly 
stronger emergency and preparedness indicators compared to those 
with 10 or fewer events. Notable differences included a 5.02% higher 
rate of conducting drill-down exercises, a 10.19% greater availability of 
outbreak management plan reported, a 3.89% increase in outbreak 
management plan observed, a 11.26% higher availability of mass 
casualty plans, a 4.91% greater presence of functional Incident 
Command System (ICS), and an 8.65% higher availability of Rapid 
Response Team (RRT) (Table 6). These results were robust to excluding 
local levels with over 50 disaster event exposures as outliers (Annex 3).

3.4 Comparative summary of key emergency 
preparedness and services availability by 
exposure, disaggregated by facility types

The overall preparedness levels seemed to align with the tier of the 
HFs, with higher-tier facilities exhibiting better preparedness indicators 

TABLE 3  Summary of basic emergency services availability indicators.

Basic emergency 
services 
availability 
indicators

Full sample 
N = 1,535

Public Private

All public 
facilities, 
N = 1,277

Public Hosp 
(Federal and 

provincial and 
local hosp.), 
N = 142

PHCC, 
N = 183

BHS 
providers, 
N = 952

Private 
hosp., 
N = 258

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Common emergency 

mgmt. and referral
0.84 0.37 0.81 0.39 0.99 0.08 0.98 0.15 0.75 0.43 0.97 0.18

Minor surgery services 0.98 0.15 0.97 0.16 1.00 0.00 1.00 0.00 0.97 0.18 0.99 0.09

Acute pain management 

and referral
0.98 0.14 0.98 0.13 1.00 0.00 0.99 0.07 0.98 0.15 0.98 0.15

Isolation Room availability 0.19 0.39 0.11 0.31 0.65 0.48 0.19 0.39 0.02 0.12 0.58 0.49
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than lower-tier ones in both groups. The public-private comparison 
showed that public hospitals consistently demonstrated greater 
preparedness than private hospitals, outperforming them on 
emergency preparedness indicators across both high and low-exposure 
cases. In contrast, the availability of CSD services showed little variation 
between the two groups, regardless of disaster events exposure. 
However, public hospitals reported higher availability for all CSD 
services, except for malaria, which was slightly more available in 
private hospitals (Table 7).

3.5 Availability of all six-emergency 
preparedness and CSD services indicators 
by disaster exposure

Overall, the presence of all six emergency preparedness measures 
was generally low across all HFs. As shown in Table 7 below, when 
comparing the aggregate availability of all six disaster preparedness 
indicators, HFs with low exposure (≤5 events) tended to demonstrate 
stronger emergency preparedness than those with high exposure (>5 
events). Specifically, only 1.69% of HFs with high-exposure reported 
having all six emergency preparedness indicators, whereas 2.26% of 
HFs with low-exposure areas met this criterion.

When examining a core set of three key indicators, namely drill-
down exercises, Incident Command System (ICS) and Rapid 
Response Team (RRT), facilities with low exposure appeared to 
perform slightly better overall (4.83%), reporting the presence of all 
three indicators.

Regarding the diagnosis and treatment services for CSDs, almost 
a similar percentage of all HFs with high exposure (15.84%) and low 
exposure (14.79%) reported offering services for all the six CSDs.

A comparison of private hospitals across low and high exposures 
also revealed a stronger preparedness in low-exposure areas for both the 
full set of six emergency preparedness and the core set of three. However, 
the availability of CSD services was nearly identical between the two 
exposure groups. These findings suggest that only a small proportion of 
private HFs in high-disaster areas are adequately equipped to respond 
comprehensively to future climate-related disaster events (Table 8).

4 Discussion

4.1 Evidence gaps in HF preparedness for 
climate-related disasters in Nepal

Focused studies specifically assessing the preparedness of HFs for 
climate-related disaster events remain scarce. To address this critical 
gap, the present study leveraged existing data to explore HF 
preparedness. Although research on climate change-related disasters, 
and disasters in general, has increased over time in Nepal (Tome et al., 
2022), relatively few studies have explored the preparedness of the 
health system to such climate related disaster events.

Our study offers valuable insights into some of the existing 
strengths and weaknesses within Nepal’s health system and highlights 
key areas requiring urgent attention to enhance resilience against 
future climate-related disasters. However, it is by no means a 
comprehensive assessment. Building climate resilient HFs and systems 
require addressing both the immediate and long-term effects of 
disasters, strengthening preparedness for future events, and 
incorporating all components outlined in health system resilience 
frameworks (WHO, 2015) alongside the domains of established 
disaster preparedness frameworks (WHO, 2015; WHO, 2019).

Although this study relied on limited number of indicators for 
understanding disaster preparedness and managing the demand for 
increased CSD services during disasters, it is the first to systematically 
analyze existing data on the occurrence of various climate-related 
disasters and assess the HF’s preparedness to manage such events and 
provide services for CSDs. Importantly, it also represents the first 
instance in which publicly available datasets from two different 
government entities have been combined to understand both disaster 
frequency and health facility preparedness, highlighting a significant 
gap in research at this intersection in Nepal.

Our analysis of data from the NDRR portal found consistent 
reporting for only six types of climate-related disasters: floods, 
landslides, thunderbolts, rainfall, windstorms, and high-altitude 
events. Among these, landslides were the most frequently reported, 
followed by thunderbolts and floods. These findings align with earlier 
national studies that identify landslides and floods as among the 

TABLE 4  CSD diagnosis and treatment service availability across various types of HFs.

CSD diseases Full sample 
N = 1,535

Diagnosis and treatment service availability in % Private

Public

All public 
facilities, 
N = 1,277

Public Hosp 
(Federal and 

provincial and 
local hosp.), 
N = 142

PHCC, 
N = 183

BHS 
providers, 
N = 952

Private 
hosp., 
N = 258

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Malaria 0.50 0.50 0.42 0.49 0.95 0.22 0.85 0.36 0.25 0.43 0.90 0.31

Leprosy, dengue and 

filariasis
0.51 0.50 0.45 0.50 0.91 0.29 0.80 0.40 0.31 0.46 0.78 0.42

Kala-Azar (Leishmaniasis) 0.22 0.42 0.15 0.36 0.69 0.46 0.38 0.49 0.03 0.17 0.56 0.50

CVD 0.93 0.25 0.92 0.27 1.00 0.00 0.99 0.10 0.90 0.30 0.98 0.12

Mental health 0.38 0.48 0.30 0.46 0.90 0.30 0.69 0.46 0.13 0.34 0.73 0.45

Child Malnutrition 0.85 0.36 0.85 0.35 0.96 0.20 0.98 0.13 0.81 0.39 0.83 0.38
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deadliest disasters in Nepal (Chapagain et al., 2022). Other notable 
but less systematically reported climate-related disaster types such as 
thunderstorms, cold waves, heatwaves, hailstorms, frost, snowstorms, 
and avalanches, could not be  examined due to data limitations, 
highlighting significant gaps and weaknesses in disaster reporting 
systems in Nepal and other LMICs (Osuteye et al., 2017).

A systematic review of post 2020 literature on climate change and 
vulnerability in Nepal identified 37 studies that assessed vulnerability 
of health systems to disaster events. This study found that while 
emergency preparedness and early warning systems for disease and 
vector surveillance exist, climate change has not been sufficiently 
integrated into long term disaster planning efforts. Moreover, none 
of the reviewed studies assessed the preparedness of HFs, either in 
general or specifically for climate related disasters (Tome et al., 2022). 
Other studies that have been conducted in this area are also mostly a 

response to the 2015 earthquake and have largely focused on hospitals 
and infrastructure-related aspects with respect to disaster 
preparedness (Adhikari et al., 2024; Watts et al., 2021). While these 
findings highlight important progress, they also point to a key area 
for future research, particularly in strengthening climate-resilient 
health systems.

Globally, EM-DAT records disaster events at the country level 
based on human and economic losses meeting at least one of the 
following criteria: (i) 10 or more fatalities; (ii) 100 or more people 
affected; (iii) declaration of a state of emergency; or (iv) a call for 
international assistance (EM-DAT CU, 2025). In Nepal, the NDRR 
portal captures some of this information, such as the number of 
fatalities and affected individuals. However, persistent challenges in 
data quality and availability limit the ability to fully assess the severity 
of events, pointing to an important gap in both disaster data and 

TABLE 5  Key emergency preparedness and services availability by exposure to disaster events in the preceding years.

Indicators Disaster events exposure between 2018 and 2020

HFs with up to 5 
disaster events (%)

HFs > 5 disaster 
events (%)

p N

Emergency preparedness indicators

1 Conducted drill down exercise 7.16 8.91 0.25 1,307

2 Outbreak management plan reported 13.88 18.09 0.04 1,321

3 Outbreak Management Plan observed 5.13 6.38 0.33 1,321

4 Mass casualty management plan 14.63 20.52 0.01 1,321

5 Functional ICs system 9.35 10.79 0.39 1,321

6 RRT 16.59 20.06 0.10 1,321

Availability of Basic emergency services availability indicators

1 Common emergency services (management and referral) 84.46 84.19 0.893 1,321

2 Minor surgical services 96.53 98.48 0.023 1,321

3 Acute pain (management and referral) 97.29 98.33 0.196 1,321

4 Availability of Isolation room for infectious diseases 18.40 23.10 0.035 1,321

Diagnosis and treatment service availability of selected CSD

1 Malaria 51. 9 52.28 0.973 1,321

2 Leprosy, dengue and filariasis 52.79 51.37 0.605 1,321

3 Kala-Azar (Leishmaniasis) 24.59 24.47 0.961 1,321

4 CVD 93.17 93.97 0.560 1,274

5 Mental Health (diagnosis and/or treatment) 38.20 40.32 0.439 1,274

6 Child Malnutrition 85.67 83.13 0.207 1,295

TABLE 6  Mean Comparisons of emergency preparedness indicators with exposure to more than 10 vs. less than 10 disaster events at the local level.

Emergency preparedness 
indicators

Disaster events exposure between 2018 and 2020

HFs with up to 10 
disaster events (%)

HFs with exposure to more 
than 10 disaster events (%)

p N

Conducted drill down exercise 6.76 11.78 <0.01 1,307

Outbreak management plan reported 13.39 23.58 <0.01 1,321

Outbreak Management Plan observed 4.77 8.66 0.01 1,321

Mass casualty management plan 14.71 25.97 <0.01 1,321

Functional ICs system 8.82 13.73 0.01 1,321

RRT 16.13 24.78 <0.01 1,321
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TABLE 7  Comparative summary of the emergency readiness indicators for HFs exposed to more than 5 disaster events versus those exposed to fewer than 5 events, broken down by facility types.

Types of 
indicators

Indicators HFs with up to 5 disaster events between 2018 and 2020 HFs > 5 disaster events between 2018 and 2020

All HFs up 
to 5 events
N = 663

ALL 
public
N = 558

Public 
Hosp (Fed, 

prov, 
Local 
Hosp)
N = 61

PHCCS
N = 100

BHS 
providers
N = 397

Private 
hosp.,
N = 105

All 
HFs > 5
N = 658

ALL 
public
N = 510

Public 
Hosp 
(Fed, 
prov, 
Local 
Hosp)
N = 72

PHCCS
N = 53

BHS 
providers
N = 385

Private 
Hosp.,
N = 148

Emergency 

preparedness 

indicators

Conducted drill down 

exercise

0.07 0.04 0.31 0.00 0.01 0.25 0.09 0.05 0.32 0.02 0.01 0.21

Outbreak management 

plan reported

0.14 0.10 0.49 0.11 0.04 0.35 0.18 0.14 0.62 0.19 0.04 0.34

Outbreak Management 

Plan observed

0.05 0.04 0.23 0.02 0.02 0.11 0.06 0.05 0.24 0.08 0.01 0.13

Mass casualty 

management plan

0.15 0.09 0.56 0.09 0.02 0.46 0.21 0.14 0.75 0.13 0.03 0.43

Functional ICs system 0.09 0.06 0.43 0.03 0.01 0.28 0.11 0.08 0.42 0.11 0.01 0.22

RRT 0.17 0.13 0.61 0.17 0.05 0.35 0.20 0.17 0.75 0.25 0.05 0.30

N = 663 N = 558 N = 120 N = 100 N = 397 N = 105 N = 658 N = 510 N = 114 N = 53 N = 385 N = 148

Availability 

of CSD 

diagnosis 

and 

treatment 

services

Malaria 0.52 0.45 0.97 0.88 0.25 0.92 0.52 0.42 0.95 0.75 0.28 0.88

Leprosy, dengue and 

filariasis

0.53 0.49 0.93 0.79 0.35 0.74 0.51 0.43 0.92 0.85 0.28 0.81

Kala-Azar 

(Leishmaniasis)

0.25 0.18 0.77 0.45 0.04 0.58 0.24 0.15 0.75 0.30 0.02 0.56

CVD 0.93 0.92 1.00 0.99 0.89 0.98 0.94 0.93 1.00 1.00 0.90 0.99

Mental health 0.38 0.32 0.90 0.71 0.13 0.70 0.40 0.30 0.91 0.68 0.11 0.75

Child Malnutrition 0.86 0.86 0.96 0.99 0.82 0.81 0.83 0.83 0.96 0.96 0.78 0.84
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research (Nepal Disaster Risk Reduction Portal [Internet], n.d.). This 
data limitation is documented in Annex 4.

4.2 Uneven disaster preparedness across 
HF levels and exposures

Regardless of exposure levels, both disaster preparedness and the 
availability of services for CSDs remain uneven across HFs, with PHCCs 
and BHS providers particularly lacking in critical preparedness and 
service availability. This observation is consistent with both global and 
national literature, pointing to a concentration of strategic planning and 
resources at higher levels of the healthcare system, leaving lower-level 
facilities, often serving the most vulnerable populations, significantly 
underprepared (Sharma, 2015; Lamberti-Castronuovo et al., 2022; Gao 
et al., 2018; Hashikawa and Gold, 2018). Since climate-related disasters 
are often localized and their impacts and vulnerabilities are highly 
context-specific requiring tailored local solutions, additional initiatives 
at the local level are necessary to drive the progress further.

In this context, an evaluation of disaster preparedness in climate-
vulnerable regions of Bangladesh highlights the urgent need for 
systematic improvements in both emergency preparedness and 
healthcare service delivery to address the impacts of climate change 
(Bangladesh PI, 2024). Several other studies have also underscored the 
importance of assessing vulnerabilities and strengthening the 
preparedness for disasters as well as service delivery for CSD at primary-
level HFs to enhance post-disaster response efforts (Walsh et al., 2015; 
Lestari et al., 2022; Masbi et al., 2024). However, such an approach seems 
to be underutilized in Nepal. In a resource-limited setting like Nepal, 
implementing a universal preparedness program is not feasible, making 
targeted and specific interventions the most practical solution 
(Robinson, 2009; Gaire et al., 2015). Therefore, strengthening the link 
between disaster preparedness, climate change, and health is key to 
building resilience and reducing disaster risks. This involves using 
existing policies, systems, and expertise across sectors, and leveraging 
data tools and information networks to improve preparedness, efficiency, 
and coordination to promote joint action (Banwell et al., 2018; Moulton 
et al., 2017).

Comparing HFs with low exposure to those with high exposure 
did not consistently reveal a clear pattern of increased preparedness 
among those with higher exposure levels. Notably, HFs demonstrated 
significant improvements in disaster preparedness indicators only 
when the exposure was more than ten events. This suggests that 
preparedness efforts in the country are often influenced by past 
disaster experiences, indicating a tendency for a more reactive 
approach. Although some studies suggest that HFs naturally improve 
their preparedness with repeated exposure to disasters, other research 
shows that this is not always the case (Bian et al., 2022). To ensure 
effective and sustainable disaster risk management from a systems 
perspective, HFs must adopt proactive measures to be  better 
equipped to handle both anticipated and unforeseen disasters (Tabish 
and Syed, 2015). This concern has also been highlighted in a review 
of Nepal’s DRR policies and institutional frameworks, which reveals 
that the country remains more focused on response and relief, with 
relatively less emphasis on long-term preparedness (Nepal, Pashupati 
NRK, Sharma, Bishnu Prasad Pangali, 2018).

Due to the lack of established core indicators specifically tailored 
to assess preparedness for climate-related disaster events, this study T
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evaluated the presence of key preparedness measures identified in the 
SPA survey as essential for effective disaster response. Several 
guidelines and studies have independently emphasized the importance 
of having drill-down exercises, ICS and RRT in place to effectively 
respond to emergencies (WHO, 2019; Gebbie et  al., 2006; WHO, 
2011). These three components were considered as core set of disaster 
preparedness indicators in our analysis, and we also assessed their 
presence collectively. However, the availability of this core set was 
generally low across most HFs, with no significant difference observed 
between those with lower or higher exposure levels. These 
inconsistencies where some facilities are relatively well-prepared while 
others remain critically underprepared despite higher climate related 
disaster exposure highlights the need for a more systematic, needs-
based approach to take the disaster efforts forward within Nepal’s 
health system. Similar findings were observed in Nepal following the 
2015 earthquake, where studies revealed substantial gaps in the health 
system’s capacity to respond to disasters (Sharma, 2015).

4.3 Federalism and disaster resilience: 
strengthening local capacities

Federalism presents a unique opportunity to adopt a more needs-
based approach to disaster preparedness. Research from both the 
health sector and beyond suggests that decentralization and federalism 
promotes more needs-based and context-specific planning by enabling 
strategies tailored to the unique vulnerabilities of communities and 
local levels (Shair-Rosenfield, 2024; Devkar et  al., 2019). With 
political, financial, and administrative autonomy, local governments 
are often well-positioned to advance disaster resilience (Manyena 
Bernard, 2006). However, for local governments to fully leverage this 
potential, more efforts are needed to raise awareness about the 
importance of climate related disaster preparedness and to build 
capacity in this area at the local level (Khanal and Boeckmann, 2025).

While prioritizing the readiness of tertiary and secondary HFs is 
understandable due to their relatively stronger capacities, it is equally 
vital to focus on strengthening preparedness at local level. When only 
higher-level HFs are prepared with weak lower-level HFs, it places 
excessive pressure on tertiary hospitals, often exceeding their capacity 
to manage increased demand during disaster events (Masbi et al., 
2024). Therefore, a balanced and integrated approach, combining both 
top-down and bottom-up strategies, is crucial. Evidence shows that 
successful decentralization depends on effective coordination across 
all levels of government, enhanced local financial capacity, institutional 
strengthening, and a more prominent role for private providers 
(Manyena Bernard, 2006; Robinson, 2009).

4.4 Private sector engagement: a critical 
component of disaster preparedness

Our study also indicates the need to strengthen disaster 
preparedness and CSD service delivery across all HFs, both public and 
private alike. The particularly poor disaster preparedness indicators 
observed in private hospitals are concerning, especially given the 
increasing reliance on the private sector over time, its varying role 
across countries and services, and its crucial contribution to healthcare 
delivery in Nepal (Karkee and Kadariya, 2013). Although we found no 

prior study specifically comparing disaster preparedness and CSD 
service availability between public and private facilities in Nepal, 
existing evidence from other health programs in the country suggests 
that the private sector generally demonstrates better overall service 
preparedness (Thapa et al., 2024; Farah et al., 2023). Therefore, our 
finding that private hospitals were less prepared for climate related 
disasters or had low CSD services was contrary to our expectations.

Despite longstanding challenges with private sector regulation 
and partnership within the MoHP across all the health programs, their 
contribution in health service delivery has been recognized to add 
value and alleviate some of the financial and health systems constraints 
faced by the government in delivering quality services (Auzzir et al., 
2014). Wallace et al., in their review of the private sector’s role across 
four countries, including Nepal, emphasize how private sector 
participation during emergencies can relieve some of the pressure on 
public HFs and support government efforts (Wallace et al., 2022). In 
line with international evidence, our study further reinforces the need 
to encourage private sector involvement in disaster preparedness 
(Mashari, 2022).

4.5 Data gaps and challenges in disaster 
preparedness planning

Our study showed significant gaps related to data, both in terms 
of availability as well as utilization of existing information for disaster 
preparedness and planning. Various sectors, including the MoHP, 
have conducted vulnerability risk assessments (VRAs) to better 
understand the impacts of climate change, and to identify areas and 
populations most at risk, particularly concerning CSDs (MoHP G, 
2022). Although our study did not assess the availability of CSD 
services based on reported and treated cases from MoHP’s EWARS 
and HMIS data, the generally low availability of these services raises 
concern about whether the findings from VRA assessments are 
effectively utilized for service strengthening.

Furthermore, our analysis, which considers the frequency of 
climate-related disaster events, points that HFs in areas with more 
frequent events continue to be inadequately prepared and vulnerable 
to future disasters and CSD outbreaks. This highlights a critical gap. 
Despite several initiatives by the MoHP and other ministries, current 
disaster preparedness efforts in healthcare facilities lack a data-driven 
and need-based approach.

Addressing this gap requires not only better utilization of available 
data but also stronger underlying data systems (Aung and Whittaker, 
2013). In Nepal, the absence of well-functioning disaster data systems 
remains a significant barrier, particularly when attempting to integrate 
disaster and health facility data. Our own challenges in accessing and 
analyzing disaster data illustrate these difficulties. However, these 
challenges are not unique to our study. A comprehensive assessment 
of Nepal’s disaster and risk information systems similarly identified 
the lack of clear and standardized guidelines for recording disaster 
data, including the documentation of human impacts such as fatalities, 
injuries, and displacement. Such information is essential for assessing 
the severity of disaster events and aligning with global benchmarks 
like EM-DAT (Oxford Policy Management, and Policy and Institutions 
Facility, 2020; Development WCfH, n.d.).

Given the persistent data gaps in Nepal’s disaster preparedness 
evaluations, there is a need to integrate more disaster-specific 

https://doi.org/10.3389/fclim.2025.1625829
https://www.frontiersin.org/journals/climate
https://www.frontiersin.org


Khanal et al.� 10.3389/fclim.2025.1625829

Frontiers in Climate 16 frontiersin.org

indicators into existing national surveys. This need is particularly 
pressing as no further rounds of DHS/SPA surveys are currently 
planned. In Nepal’s new federal governance structure, leveraging 
disaster-related data at the local level could facilitate the application 
of EM-DAT classification criteria in future research, thereby 
promoting better alignment with global standards and enabling more 
meaningful comparisons. This represents a critical area for 
further studies.

Poor data availability however is just one of several barriers. Gaps 
in implementing existing policies and plans also pose major 
challenges. Although Nepal has formulated climate-resilience plans 
across government levels, their execution remains limited (Dhimal 
et al., 2017; Rijal et al., 2020). Similar to other LMICs, Nepal faces 
challenges such as resource constraints and weak integration of 
climate and health policies (Khanal and Boeckmann, 2025; Ansah 
et al., 2024). Few studies including ours (Khanal and Boeckmann, 
2025) and Landry et  al. (2016), point to poor coordination and 
unclear institutional roles as key obstacles. Addressing these 
governance issues requires stronger intersectoral collaboration and 
clearer responsibilities to effectively integrate climate resilience into 
health and disaster planning.

4.6 Study limitations

The study has several limitations. Overall, the findings of this study 
should not be interpreted as causal; rather, we document patterns of 
associations intended to inform and inspire future research. However, 
data availability constrained us to work with the number of disasters as 
exposure, and therefore the findings cannot be directly discussed against 
the framework such as those established by EM-DAT benchmarks. 
Nevertheless, as this is the first study to link climate-related disasters to 
HF preparedness in Nepal, we believe that this descriptive work is an 
important step toward further research in this area.

Regarding available data, one key limitation is the lack of robust 
historical data on disasters, climate-related disasters and emergency 
preparedness. As aforementioned, following Nepal’s transition to a 
federal system in 2015, complete local-level data from earlier years 
were not available. Consequently, we included data from 2018 onward 
to ensure a more accurate reflection of the federal structure, as 
provincial and local governments had by then, assumed more clearly 
defined roles within the new governance framework. A detailed 
development of disaster events over the years, as reported in the 
NDRR portal is shown in Annex 4. Additionally, the scope of the 
analysis was constrained by the quality of data on disaster events and 
the availability of CSD services. Since the disaster events included in 
the study were based on the data available in the NDRR portal, 
several frequently occurring climate-related disaster events 
(identified in other studies), were excluded due to inadequate or 
incomplete reporting. For many events, data was missing for certain 
years due to reporting gaps. We assume that the restructuring of 
physical infrastructure and reporting mechanisms under the new 
federal system may also have further contributed to these data gaps 
and underreporting.

Secondly, in the absence of focused study on HFs preparedness for 
disaster events, we used secondary data drawn from the only available 
national survey assessing health facility readiness (SPA survey). The 
SPA survey was primarily designed to evaluate service readiness for 

key health areas, particularly maternal and child health and infectious 
diseases. However, it includes only a small set of indicators related to 
disaster preparedness, emergency response, and CSDs. While data 
from a comprehensive, nationwide HF assessment of overall disaster 
preparedness would have provided a deeper understanding, the 
analysis was constrained by the scope of available data in the survey. 
Furthermore, only two rounds of the SPA survey have been conducted 
to date, and in both instances, the CSD and emergency preparedness 
indicators show inconsistencies between the two surveys, highlighting 
the need for more research in this area.

Thirdly, we recognize that preparedness and response to climate-
related disasters depend on several broader factors, including the 
overall readiness of HFs, which were not covered in this study. While 
an analysis of geographic variation in preparedness and CSD service 
availability could have yielded valuable insights, we deliberately chose 
to limit the study’s scope to ensure a more focused and 
manageable analysis.

Fourthly, it is important to note that all private HFs included in 
the SPA survey were hospitals. While private clinics and other types 
of private facilities also play a significant role in health service delivery 
in Nepal, their exclusion from the sample limits the overall 
comprehensiveness and representativeness of the findings. 
Nonetheless, in addition to offering a comparative analysis on overall 
public and private HFs, our study specifically examines differences 
between public and private hospitals.

Finally, we acknowledge that the vulnerability of health facilities 
to climate-related disasters is shaped not only by their exposure to 
such climate hazards but also by other critical factors, including the 
sensitivity and vulnerability of the populations they serve, the 
condition of surrounding natural systems, and the adaptive capacity 
of the health system to manage associated risks (Table 1). Our study 
did not delve into these broader dimensions of vulnerability, nor did 
it quantify the severity of climate-related events in terms of damage or 
loss of life. Instead, the analysis focused solely on the frequency of 
reported climate-related disaster events experienced by the HFs.

5 Conclusion

HFs serve on the frontlines of response efforts during climate-
related disasters, making their preparedness essential. Despite the 
increasing frequency of climate related disasters in recent years, 
limited research has explored the preparedness of HFs in LMICs. 
This study assessed the disaster preparedness of HFs in Nepal, 
specifically in relation to climate-related disaster events that 
occurred between 2018 and 2020. It provides insights into the levels 
of preparedness and the availability of CSDs services across different 
facility types.

The findings reveal substantial inconsistencies in both disaster 
preparedness and the provision of CSD related services across HFs in 
Nepal. While some patterns indicated a degree of adaptation to 
climate-related disaster exposure, overall preparedness was found to 
be inadequate across all facility types. The study underscores the need 
to better align climate related disaster preparedness and availability of 
CSD services, particularly by focusing efforts at the local level and 
fostering greater engagement from the private sector.

Additionally, the study also emphasizes the importance of 
improving documentation and systematic reporting of climate-related 
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disasters to enable more detailed analyses and support evidence-based 
planning. Although not exhaustive, the study lays the groundwork for 
raising awareness among policymakers about the need to enhance HF 
preparedness as part of efforts to build a climate-resilient health system. 
In light of these findings and the complexity of disaster risk preparedness 
and response, a more comprehensive assessment of overall health 
system preparedness is recommended, incorporating all components of 
a climate-resilient health system as outlined by the WHO.
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