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	Supplementary Table 1. Characteristics of included articles
	
	
	
	

	Sl No
	Name 
	Tool/framework/strategy
	Country
	Year
	Domains
	Designed by
	Environmental emergency
	Health Outcome
	Preparedness

	Articles from PubMed and Embase

	1.
	Health-Crisis Management Framework (1)
	Framework
	USA
	2019
	1.Risk assessment  
2.Risk management
	Frederick M. Burkle Jr
	Natural Disasters
	Public Health Emergencies of International Concern
such as epidemics and pandemics
	1. Integrated mitigation program development
2. Resilence strategies
3. Threat and risk reduction strategies
4. Building skills set requirements
5. Response activities
6. Recovery and rehabilitation activities

	2.
	Framework for Vulnerability Assessment
(2)
	Framework
	India
	2018
	1.Human Resources
2.Surveillance
3.Water
4.Infrastructure
	Dogra N, Kakde V, Taneja P
	Flood
	Vector borne diseases
	1.Availability of human resources
2.Early warning system and disaster first response
3.Road density
4.Availability of safe drinking water 

	3.
	Health service managers-preferred strategy for improving the rural health service response to an extreme weather event(3)
	Strategy
	Australia
	2018
	1.Risk management
2.Human resources
3.Capacity building
4.Inter-agency cooperation
5.community health promotion and training
6.Health policy
7.Disaster recovery phase planning

	Purcell, R.; McGirr, J.
	storm, flood, bushfire, extreme heat or cold
	Physical injury,
Heat-related
Illness,
Nutritional
Disorders,
Infectious diseases,
Mental health,
Cardiorespiratory
Illnesses,
Skin cancer,
Food security,
Water security,
Vector-borne
diseases
	1.Acute disaster capacity response
2.Additional health professional education and training
3.Inter-agency cooperation
4.Community health promotion and training 
5.Health policy 
6.Non health professional education and training
7.Long term disaster recovery phase planning 

	4.
	Conceptual framework through qualitative interviews with people with HIV impacted by the wildfires
(4)
	Framework
	USA
	2023
	1.Risk management
2.Human resources
	Saberi et. Al
	Wildfire
	Mental health (hypervigilance or trauma; anxiety, depression, or stress; sleep disturbances; and coping strategies), 
Physical health
(cardiopulmonary and other co-morbidities),
	1.Funds and vouchers
2.Case management
3.Mental health services
4.Emergency response planning
5.Services like telehealth,home visits, home testing
6.Staffing

	5.
	Biopsychosocial ecological (BPSE) framework to guide professional and personal syndemic responses in behavioural medicine (5)
	Framework
	USA 
	2022
	1.Research
Communication and awareness raising
	Persad-Clem et al.
	Climate change (hurricanes, wildfires, undernutrition)
	Pandemic infectious disease, chronic disease, undernutrition, obesity
	1. Advocacy
2. Intersectoral partnerships that prioritise community expertise & leverage existing strengths to address intersecting needs
2. Local research capacity & leadership that respects the community
ownership of data to build climate-resilient communities
3. Funding for syndemic prevention/response infrastructure & tools

	6.
	Mitigating the heat-related mortality risk(6)
	Strategy
	China
	2020
	1.Infrastructure
2.Risk management
	Liu et al
	Climate hazards eg: Heatwave
	Heat stroke
	1. Short term: making 20% hospital bed availability/ready to deal with heatwave shock
2. Long term: Increment of 20% living allowance to the poorest residents

	7.
	Centres
for Disease Control and Prevention Public Health Emergency
Preparedness Capabilities framework (7)
	Strategy
	USA
	2016
	1.Response activities including mass care sheltering
2.WASH
3.Information management 
4.Epidemiology and surveillance
	CDC
 Hunter et al
	Tropical storms, snow and ice storms, tornadoes, flooding, heatwaves, windstorms
	Infectious diseases
	1. Operate and coordinate medical special needs sheltering, Manage and dispense prescription medications, Coordinate medical volunteers and supplies, and Provide licensed medical professional staffing
2.Inspection /assessment of waterbody and sanitation
3. Recommendations (eg, vaccinations),
Advisories (eg, boil water order, food disposal),
Information on where/how to access services (eg, shelter, care centres) or vital Records, Message dissemination (Media, governmental Web sites, shelters, Door-to-door education
Disaster coordination centres or multiagency coordinating centres, directly responding to requests from the public (eg, call centres), Advising emergency managers on health-related issues.)
4. Public health needs assessment and/or illness and injury assessment
Sources of data: Calls to the health department and/or other sources 

	8.
	Framework for Local Environmental
health practice(8)
	Framework
	Australia
	2023
	1. Public health emergency management
2. Community support
3. WASH
	Smith, Whiley, & Ross
	Climate change
	Communicable diseases
	1. Planning (risk assessment, preparedness, response, recovery)
2. Reliable information and communication on public health issues
3. Waste management

	9.
	Conceptual framework to guide research on climate change mitigation and adaptation strategies and human
health benefits(9)
	Framework
	USA
	2021
	1.Infrastructure
2. Sustainability
	Bikomeye, J.C.; Rublee,
C.S.; Beyer, K.M.M
	Climate change
	Respiratory diseases, Heat-related illness, Chronic Diseases, Nutritional status, Infectious diseases, Injuries
	Agroforestry, Outdoor green space, Urban farming, Active transport, Reforestation, Deflected sun radiation, Public transport, Community gardens, Nature Conservation, Bike lanes, Reduced use of cars, Public parks, Sidewalks, Cooling systems, Agriculture systems, Rainwater harvesting, Renewable energy, Less fossil fuel use, Resilient crops, Resilient infrastructure, Resilient health systems, Green schoolyards, Climate Smart healthcare, Climate Smart Construction

	10.
	Integrated Knowledge-to-Action framework (10)
	Framework
	Europe
	2023
	Surveillance and modelling
Monitoring and evaluation
	Rocklöv et al.
	Climate-related hazards
	Climate-sensitive infectious diseases
	1. Indicators that track historical climate-sensitive infectious disease risk and project future impacts
2. Early warning and targeted response systems
3. Methods to evaluate (existing) climate adaptation and mitigation interventions in specific study sites

	11.
	Managing the health effects of climate change: Lancet and University College London Institute for Global Health Commission(11)
	Strategy
	UK
	2009
	1.Disease Surveillance & Early Warning
2.Water, Sanitation & Hygiene (WASH)
3.Food & Nutrition Security
4.Mental Health & Psychosocial Support
5.Public Health Policy & Governance
6.Sustainable Healthcare Practices
	Costello et. Al
	, Droughts, floods, extreme precipitation, wildfires, Heatwaves, 
	Increased infectious diseases, heat-related illnesses, respiratory diseases, malnutrition, mental health impacts, Waterborne diseases (cholera, diarrhea), vector-borne diseases (malaria, dengue), Malnutrition, foodborne diseases, increased hunger, Respiratory diseases (asthma, COPD), cardiovascular diseases, premature mortality, Expansion of malaria, dengue, Lyme disease, and other vector-borne diseases, Heat-related deaths, injuries, displacement, mental health disorders (PTSD, anxiety, depression)
	Strengthening healthcare systems, global policy interventions, early warning systems, climate-adaptive public health infrastructure
Sustainable agriculture, improved food distribution, nutrition programs
Improved sanitation, water purification, disease surveillance
Air quality regulations, reducing fossil fuel use, promoting clean energy
Vector control programs, vaccination, research on climate-sensitive diseases
Disaster preparedness, early warning systems, emergency response infrastructure

	12.
	Defining Roles and Responsibilities of the Health Workforce to Respond to the Climate Crisis(12)
	Strategy
	USA
	2014
	1.Healthcare Workforce 2.Training & Education
3.Emergency & Disaster Response
4.Disease Surveillance & Early Warning
5.Public Health & Policy Advocacy
6.Mental Health & Psychosocial Support
7.Health Communication & Community Engagement
	Sorensen & Fried
	drought, wildfires, flooding, hurricanes, heat waves, storms
	Trauma, injuries, heat-related illnesses, mental health disorders, Anxiety, depression, PTSD, long-term psychological distress, Increased respiratory diseases, waterborne illnesses, sanitation-related infections, Malnutrition, stunting, micronutrient deficiencies
	Integrating climate-health education into medical and public health curricula, continuous training for healthcare workers
Specialized training for emergency response, rapid deployment teams, first aid and trauma management
Strengthening health workforce roles in disease monitoring, outbreak investigation, early detection, and rapid response
Health professionals advocating for climate-resilient health policies, participation in policy-making, intersectoral collaboration
Training health workers in psychological first aid, community-based mental health support, resilience-building programs
Training workforce in safe water management, sanitation improvement, and pollution control measures
Health workforce involvement in nutrition assessments, food distribution programs, climate-adaptive dietary interventions
Training healthcare workers in risk communication, behaviour change strategies, community education on climate and health

	13.
	Functional capacity of the primary
health care system in rural Orissa(13) 
	Strategy
	India
	2008
	1.Health services provision                                 2.Surveillance and HMIS    3.Human resource
4.Financing
5.Medical products and supplies
	Phalkey et. al
	Flood
	Skin diseases, dysentery,Malaria, Diabetes, chickungunya,conjunctivitis, common cold
	1.Service delivery without interruption
2.Backup power supply
3.Waste management
4.Medical and surgical service delivery
5.Availability of human resources
6.Data dissemination/communication

	14.
	Primary healthcare system capacities for responding to
storm and flood-related health problems (14)
	Strategy
	Vietnam
	2013
	 1.service
delivery,                                                2. policy/governance, 3. healthcare financing,
4. human resources,                  5. information and research, and
6. medical products and technology. 
	Minh et. Al
	Storm ,flood
	Injury,Conjunctivitis,
Skin diseases (pruritus),
Gastrointestinal diseases (diarrhea, cholera, dysentery)
	1.Population-based health promotion activities intended to improve local knowledge about storm and flood-related health problems.                 2.Availability of preventive medicine services (counselling on prevention and first-aid for storm and flood-related health problems, vaccinations against six preventable diseases, including diphtheria, tetanus, pertussis, poliomyelitis, measles and tuberculosis).                                                                                                                3.Availability of guidance documents on prevention activities                                 4.Budgeting for prevention activities from national funds and from citizens.                                                                                                           5.Training on prevention activities.                                                                  6.Availability of basic units of medicine, medical devices, medical equipment for mobile emergency teams, availability of related medicines, availability of medical equipment, availability of treatment protocols, and advantages and disadvantages of these medicines and medical equipment.                                                                        7.Consistent  reporting system of annual reports from commune health centers to to the district health center. 

	15.
	Climate Change Laws and National Adaptation Plans in Latin America(15)
	Strategy
	 Brazil and Colombia
	2021
	1. Community engagement                                 2. Capacity building                      
	Thalia viveros-uehara
	Climate change
	-
	1. Particular attention to vulnerable population groups.                                            2. Training and building capacity for health professionals on climate change-related issues.                                                                                   3. Community participation in the formulation of adaptation policies.                      4. Monitoring of meteorological data.

	16.
	Methodological framework for the improved use of routine health system data to evaluate national malaria control programs (16)
	Framework
	Zambia
	2014
	Surveillance
	Bennett et. al
	Climate change
	Malaria
	Improved data quality, routine HMIS data

	17.
	Health System resilience (17)
	Strategy
	Africa
	2022
	1.Governance and Leadership
2.Health Workforce
3.Health Information Systems
4.Service Delivery
5.Medical Products and Technologies
	Karamagi et. al
	Climate change eg: flood, mudslides, drought
	-
	1.Identifying potential threats and vulnerabilities within the health system.
2.Training healthcare workers and strengthening infrastructure to handle crises.
3. Involving communities in preparedness planning and response efforts.
4.Evaluating past responses to improve future preparedness and resilience.

	18.
	Vector-Borne Disease Surveillance and Response Systems(18)
	Strategy
	China
	2020
	Surveillance
	Hoon et. al
	Climate change
	Vector borne diseases
	System organisation, communication
Collaboration among administrative and technical authorities

	19.
	Impact of climate change on human health and health systems in Tanzania (19)
	Strategy
	Tanzania
	2011
	1.Capacity Building
2.Community Engagement
3.Surveillance Systems
4.Health Infrastructure
5.Research 
6.Risk Assessment
(Policy frameworks)
	Mboera et. Al
	Climate change
	malaria
Rift valley fever
Dengue fever
Schistosomiasis
Leptospirosis
Water borne diseases
	1.Training healthcare professionals
Involving local communities in adaptation efforts to increase resilience
Enhancing disease surveillance to detect and respond to climate-related health
2.conducting research to understand the nature of risks and vulnerabilities associated with climate-sensitive diseases
3.Strengthening health systems to cope with increased disease burdens and environmental health challenges 

	20.
	Internet-based Heat Evaluation and Assessment Tool (I-HEAT)(20)
	Strategy
	USA
	2014
	1.Risk assessment
2.Risk communication
3.Risk response
	Maxwell et.al
	Heat waves
	Heat-related illness and mortality
	1.Modelling
2.Education and risk communication
3.Emergency  response planning and heat mitigation planning

	21.
	Assessment of Risk, Vulnerability and Adaptation to Climate Change by the Health Sector in Madagascar(21)
	Strategy
	Madagascar
	2018
	1. Risk and vulnerability assessment,
2. Adaptation
	Rakotoarison et.al
	tropical cyclones, floods and drought
	Malnutrition, ARI, diarrhoea, and malaria
	1. Health sector vulnerability mapping
2. Integrate climate risk management into health system activities, particularly in program and strategic areas of public health
3. Strengthen community resilience
4. Mobilise action like strengthening community solidarity, local development, and improving climate change risk management. 
5. Reduce the household's vulnerability by improving the standard of living, diversifying income sources, and improving the living conditions.


	22.
	Heat stress mortality and desired adaptation responses of healthcare system in Poland(22)
	Strategy
	Poland
	2017
	1. Infrastructure,
2. Funding and research
3.Early warning system,
4. Capacity building
	Błażejczyk et. al
	Increased heat
	Heat stress, heat-related mortality
	1.Air conditioning and refrrigeration units for health care sytem activities.
2. Preparation of staff for weather related events
3.Storage of seasonal supplies
4. Workplace protection from extreme events
5. A warning system for healthcare authorities and society about  extreme weather events
6. Periodic upskilling of medical personnel
7. Implementation of educational programs
8.Modernisation of laboratories
9.Infrastructure improvement at hopitals
10. System to monitor and register climate-related events
11. Fund for research
12. Information system for health prophylaxis 

	23.
	Evaluation of flood preparedness in government healthcare facilities in Eastern Province, Sri Lanka(23)
	Strategy
	Sri Lanka
	2017
	1.Leadership/governance
2. Emergency preparedness
3. Workforce
Supplies and facility infrastructure
4. Climate change awareness
5. Overall flood preparedness
	 Farley et. Al
	Flood
	-
	1. Communication between the health system facilities
2. Emergency preparedness plan, such as drill sessions and training for the staff
3. Healthcare staff availability
4. Availability of first aid kits at facilities and on-time supply procurement during emergencies.
5. Flood preparedness in the facilities

	24.
	An Assessment of Flood Preparedness at Primary Health Care Facilities in Central Vietnam(24)
	Strategy
	Vietnam
	2018
	1. Human resources,
2. supplies,
3. Funding,
4. Flood plan
	 Älgå et.al
	Flood
	-
	1.Availability of medical personal at health facilities and training for the staff
2. Flood preparation plan within the facilities
3. Funding for emergency preparation


	25.
	Climate change and
primary health care(25)
	Strategy
	Australia
	2007
	1.Disaster preparedness,
2.Surveillance,
3.Capacity building(training),
4.Public education and awareness,
5.Early alert systems
	Grant Blashki & Tony McMichael
	Heatwaves, Fire ,Floods, Storms
	Heat stress, disaster-related injuries, Infectious diseases
(eg. dengue fever and gastroenteritis outbreaks), Mental illnesses, Loss of livelihood/displacement, Poor nutrition
	1.Public eduaction and alert
2.Early warning systems for infectious outbreaks
3.Dissater prepardness like increasing surge capacity of health system
4. Enhanced infectious disease control programs like food safety, vector control etc.
5. Improved surveillance for risk indicators and health outcomes
6. Training of the health workforce


	26.
	Climate Change and Health Preparedness in Africa: Analysing Trends in Six African Countries (26)
	Strategy
	Africa:
Ghana and (2) Nigeria, in West Africa; (3) Namibia and (4) South Africa, in Southern Africa; and (5) Kenya and (6) Ethiopia in East Africa
	2021
	1. Vulnerability assessment
2. Adaptation(preparedness), 3. Wash, 4. Human workforce
	Opoku et. al
	Floods, Drought, Extreme temperatures, and erratic rainfall
	Malaria and other vector-borne diseases, Diarrhoea, water-borne diseases, and sanitation, Malnutrition, food-borne and food insecurity, Climate-induced mental health consequences, Extreme weather events
	1. Conducting vulnerability assessment  
2. Preparationto deal with the health impacts of climate change
3.Health care delivery systems to address
4.Availability andraining to the healthcare personnel


	27.
	Building resilience to mosquito-borne diseases in the Caribbean (27)
	Strategy
	Caribbean
	2020
	Early warning system
	Lowe et.al
	Climate change
	Mosquito-borne diseases(zika,chickungunya,dengue)
	Early warning signals of mosquito borne diseases

	Articles from grey literature

	28.
	Checklists to Assess vulnerabilities in Health Care Facilities in the Context of Climate Change(28)
	Tool
	Global
	2021
	1. Health Workforce
2. WASH and healthcare waste management
3. Energy management
4. Infrastructure, technologies,
products and
processes
	WHO
	1. Flood 
2. Storm 
3. Sea-level rise 
4. Drought 
5. Heatwave 
6. Wildfire 
7. Cold wave
	Climate-sensitive diseases and climate sensitive health outcome 
Airborne diseases (Respiratory infections, Meningococcal meningitis, Influenza),Waterborne diseases  (Diarrhoeal diseases, Cholera,Typhoid fever), foodborne diseases (Hepatitis A, Foodborne microbial hazards) Zoonotic diseases ( Leptospirosis
Hantavirus disease),Vectorborne diseases , Dengue, Malaria, Chikungunya,Zika, Rift Valley fever, West Nile virus, Lyme disease), Noncommunicable
diseases and injuries(Chronic respiratory diseases,Cardiovascular diseases,Unintentional injuries, Mental health outcomes, Malnutrition
, Kidney diseases)
	1. Human resources, Capacity development, Communication and awareness raising
2. Monitoring and assessment,
Risk management, Health and safety regulation
3. Monitoring and assessment, Health and safety regulation
4. Adaptation of current systems and infrastructures, Promotion of new systems and technologies, Sustainability of health care facility operations

	29.
	Framework for action in building health systems resilience to climate change in South-East Asia Region (2017-2022)

(Operational framework
for building climate-resilient
health systems)(29)
	Framework
	Countries in South East Asia region
	2017
	1. Leadership and governance  
2.  Health Workforce
3. Health information systems
4. Essential medical products and technologies
5. Service delivery
6. Financing
	WHO
	Temperature change, landslides, excess floods, cyclones, storm surges, droughts and heat waves.
	Vector-borne diseases such as malaria and dengue, Scrub typhus, water-borne diseases, and heat-related mortality, undernutrition, diarrhoeal diseases, respiratory infections
	1. Climate variability and change considerations
reflected in the main health policies and programmes, cross-sectional collaboration
2.  Technically capable workforce, Utilization of resources, information, knowledge and processes
3. Vulnerability, capacity and adaptation Assessment
4. Integrated risk monitoring and early warning
5. Health and climate research
6. Climate-resilient and sustainable technologies and infrastructure
7. Managing the environmental determinants of Health
8. Climate-informed health programmes
9. Emergency preparedness and management
10. Climate and health financing

	30.
	Malaria Early Warning Systems Framework
(30)
	Framework
	Africa
	2001
	1.Vulnerability monitoring
2. seasonal climate forecasting
3. environmental monitoring
4. sentinel case surveillance
	WHO
	Reduced rainfall
	Malaria
	1.Vulnerability indicators (such as low immunity, malnutrition, HIV, population movement, drug resistance etc.) are monitored continuously to predict the severity of impact.
2. Transmission risk indicators (such as unusual increases in rainfall) that predict the timing of an increase in malaria transmission 2-4 months before a malaria epidemic occurs.
3. Early detection indicators from health facility malaria morbidity data are used to confirm the onset of an epidemic and predict the magnitude of the epidemic 3-4 weeks in advance.
4. Increasing public awareness of malaria symptoms to encourage early reporting and malaria control activities.
Vector control measures

	31.
	Canadian Health Care Facility
Climate Change Resiliency Toolkit(31)
	Tool
	Canada
	2013
	1. Emergency management
2. Sustainability
3. Infrastructure
	Canadian Coalition for
Green Health Care, support from Health Canada and the Nova Scotia Department of Environment (Halifax, Nova
Scotia, Canada)
	Extreme weather events
	water- and food-borne
contamination, infectious
diseases,
	1. Risk assessment, including risk reduction strategies and assessment of risks to infrastructure
 2. Risk management, including procurement, monitoring, clinical risk management, infrastructure systems, and energy supply and use
3. Building capacity (sustainable health care and climate change mitigation).

	32.
	U.S. Sustainable and Climate Resilient Health Care Facilities Toolkit(32)
	Tool
	USA
	2014
	1.Infrastructure (institution level
infrastructure: physical buildings
and campus infrastructure as well
as mobile technologies)
2. Critical services and personnel,
supply chain, sustainability/energy
and water efficiency, and enhancing
ecosystem services
	2013 President’s Climate Action
	Extreme weather events
	
	1. Climate risk and community vulnerability assessments
2.Land use, building design, and regulatory context
3.Infrastructure protection and resiliency planning
4.Essential clinical care service delivery
5.Environmental protection and ecosystem adaptation.

	33.
	PAHO SMART Hospitals Toolkit(33)
	Tool
	USA
	2017
	1. Energy                                                              2.Water                                                                3. Atmosphere                                       4. Indoor environmental quality                                                                        5.Hazardous materials                     6.Phrmaceutcals                                                 7. Solid and infectious waste management                               
	The Pan American Health Organization (PAHO)
	Geological phenomena (e.g., earthquakes, volcanic eruptions),
hydro-meteorological phenomena, environmental
phenomena (e.g., epidemics, infestations, contamination), chemical
and/or technological phenomena, geotechnical properties of the soil
	
	1. Hospital’s strengths and vulnerabilities assessments and suggests actions required to
improve its safety, emergency, and disaster management capacity
2. Baseline assessment focusing on energy and water consumption; indoor environmental quality (IEQ); building components; an occupant survey; and land use (local zoning regulations).
3. The Green Checklist to identify areas that can conserve resources, cut costs, increase efficiency in operations and reduce a hospital’s carbon emissions.

	34.
	Quality criteria for the evaluation of climate-informed early warning systems for infectious diseases (34)
	Tool
	Global
	2021
	Surveillance
	WHO
	Climate change
	Climate-sensitive infectious diseases
	1. Monitor environmental conditions
2. Forecast high-risk conditions, initiate active surveillance
3. Send alerts and communication
4. Establish a mechanism for early response

	35.
	Centres for Disease Control and Prevention Agency-wide Climate and Health Task Force-strategic framework (35)
	Framework
	USA
	2022
	1. Health Equity and Environmental Justice 
2. Surveillance, Analytics,
Modelling, and Forecasting 
3. Research, Implementation Science, and Evaluation 
4. Preparedness, Response, Prevention, and
Adaptation 
5. Education and Dissemination
	Centres for Disease Control and Prevention Agency-wide Climate and Health Task Force
	Climate change
	
	1. Use of robust data systems to quickly and
effectively detect, monitor, and forecast the
health effects of climate change and assess the
impact of interventions.
2. Operationalize an Agency-wide climate and
health research agenda, utilize evidence-based
guidance to inform decision-making and
evaluate climate-related health interventions. 3. Disseminate tailored public health interventions
through community engagement activities.
4. Strategic partnerships to co-develop practices & implement interventions
5. Use of evidence-based information in forming policy
6. Use of scientific evidence to develop communication materials to the public.

	36.
	BRACE framework (Building resilience against
climate effects)(36)
	Framework
	USA
	2014
	1. Vulnerability assessment
2. Surveillance
3. Evaluation
	Centers for Disease
Control and Prevention (CDC)
	Climate change
	Health impact of climate change
	1. Anticipating climate impacts and assessing vulnerabilities
2. Projecting the disease burden
3. Assessing public health interventions
4. Developing and implementing a climate and health adaptation plan
5. Evaluating impacts and improving the quality of activities

	37.
	European Regional Framework for Action to protect health from climate change: Report(37)
	Framework
	WHO European Region
	2015
	1. governance;
2. vulnerability, impact and adaptation
assessments;
3. national and subnational adaptation
strategies;
4. climate change mitigation;
5. strengthening health systems;
6. raising awareness and building
capacity;
7. green health services;
8. sharing best practices. 
	WHO Regional Office for Europe and the work
	Heat waves, Fires, Droughts, Cold waves, Flooding, and Air quality
	
	1. Establishment of governance structures for climate change
and health.Involvement of health and environment sectors, identification and establishment of multisectoral committees.                              2. Member States have made progress in assessing vulnerability to and impacts of climate change.                                                                                            3. Action plans and strategies have been prepared.                                                                               4. Several mitigation activities about buildings,
infrastructure, sustainable transport, and agriculture to a lesser extent.                                                                                                                              5. The engagement of the health sector in extreme weather preparedness.                                                                                                                        6. Awareness of climate change and the subject’s sizeable influence on political developments.                                                                                                                        7. Improved environmental sustainability of health and environment sectors.                                                                                                                                                                                                                                                            8. Regional platforms and web sites used for the sharing of information Climate change and environmental indicators,
and information on pilot projects.

	38.
	Health
Emergency and Disaster
Risk Management
Framework (38)
	Framework
	Global
	2019
	1.Policies , strategies and legislation,                                      2.Planning and coordination                                 3.Human resources, 4.Financial rsources, 5.Information and knowledge management, 6.Risk communications, 
7.Health infrastructure and logistics, 8.Health and related services, 9.community capacity, 10.Monitoing and evaluation
	WHO
	Flood, drought, cyclones/windstorms, earthquacks
	Infectious diseases
	1.Inclusion of EDRM components to national health policies and stategies.        
2.Develop and regularly update plans that outline procedures for various emergency scenarios and coordination between government agencies, non-governmental organizations, and the private sector.
3.Availability of human resources and including surge capacity for emergency situations.
4.Nation funding for the EDRM activities.
5.Harmonization of collection, analysis and dissemination of information across different sectors. 
6.Real-time access and exchange of information.
7.Ensuring hospitals and health facilities are safe, resilient, and energy-efficient strengthens emergency preparedness, enhances response and recovery, protects investments, promotes sustainability, and minimizes healthcare’s environmental impact.           

	39.
	Climate change and health Vulnerability and adaptation assessment (39)
	Framework
	Global
	2021
	1.Vulnerability assessment,   2.Adaptation assessment, 3.Risk assessment, 4.Health system capacity assessment
	WHO
	Flood ,Storm,Sea-level rise, Drought,Heatwave,Wildfire, Cold wave
	Injury and mortality from extreme weather events,Heat related illness, respiratory illness,Zoonoses,vectorborn diseases,alnutrition and food borne diseases, non communicable diseases, mental and psychosocial health
	1.Assessment of vulnerabilities in the health facility.
2.Evaluation of policies and interventions like vector control
3. Future risk assessment and its projection quantitatively and qualitatively.
4. Identifying and prioritizing policies, programmes
and actions to address current and projected
health risks.
5. Synthesize health adaptation plans.

	40.
	Measuring the climate resilience of health systems(40)
	Framework based tool
	Global
	2022
	1. Leadership and governance,
2. Health workforce,
3. Vulnerability and adaptation assessment,
4. Health and climate research,
5. Climate resilient and sustainable technologies and infrastructure,
6. Management of environmental determinants of health,
7. Climate-informed health programmes,
8. Emergency preparedness and management,
9. Climate and health 
10. Financing
	WHO
	Heatwaves
Floods
Drought
Storm surge
Storms
Wildfires
	Injury and mortality, heat-related illness, respiratory illness from air pollution or aeroallergens, waterborne diseases and other water-related health impacts, vector-borne and zoonotic diseases
	1. Health system resilience to short-term and long-term climate change risks.
2. Leadership and governance through Ministries of Health, other sectors, and agencies and civil society 
3. Climate-informed health programmes
4. Management of environmental determinants of health 
5. Emergency preparedness & management
6. Health and climate research 
7. Integrated risk monitoring and early warning 
8.  Vulnerability, capacity and adaptation assessment 
9. Indicators to measure population and health system outcomes
10. Vulnerability and adaptation assessment at the health system and population levels

	41.
	Report Heat-Health Preparedness & Response Activities, National Programme on Climate Change & Human Health(41)
	Tool
	India
	2024
	Infrastructure, technologies, products and processes
	National Program on Climate Change and Human Health
	Heat
	Heat-related illness
	1. Availability of essential infrastructure like bed, fan, refrigerators/ice box, deep freezers,etc.



	Supplementary Table 2. Country-wise distribution of articles (N=41)

	Country
	n
	%

	USA
	11
	17

	Canada
	1
	2

	India
	3
	5

	Australia 
	3
	5

	Vietnam
	2
	3

	United Kingdom
	2
	2

	Tanzania
	1
	2

	China
	2
	3

	Zambia
	1
	2

	Brazil
	1
	2

	Columbia
	1
	2

	Sri Lanka
	1
	2

	Poland
	1
	2

	Madagascar
	1
	2

	Sweden
	1
	2

	Republic of Congo
	1
	2

	Countries in Southeast Asia
	1
	2

	Countries in Africa
	2
	5

	European countries
	1
	3

	Global
	5
	8

	Country type based on income 

	Country type
	n
	%

	High Income
	19
	46

	Upper-middle come
	4
	10

	Lower-middle Income
	9
	22

	Low Income
	1
	2

	Unclassified
	9
	22













Climate-related hazards classified separately for tools, frameworks and strategies

	Supplementary Table 3. Climate-related hazards described in articles classified as Tools (n=7), classified using the UNDRR hazard classification

	Hazard Type
	Specific Hazard
	Total number of tools mentioning the hazard

	Exclusively addressing the hazard

	Hydro-meteorological hazards

	Flood
	Floods (including landslides, erratic rainfall)
	2
	0

	Drought
	Droughts (including reduced rainfall)
	2
	0

	Storm
	Storms and cyclones
	2
	0

	Extreme temperature events
	Heatwaves
	2
	1

	Extreme temperature events
	Cold waves
	1
	0

	Environmental

	Environmental degradation
	Wildfires
	2
	0

	Environmental degradation
	Sea-level rise
	1
	0

	Environmental pollution
	Air quality-related events
	0
	0

	Unclassified / non-specific

	Unclassified / non-specific
	Broad category (extreme weather/climate change/natural disasters)
	4
	







	
Supplementary Table 4. Climate-related hazards described in articles classified as Frameworks (n=15), classified using the UNDRR hazard classification

	Hazard Type
	Specific Hazard
	Total number of frameworks mentioning the hazard
	Exclusively addressing the hazard

	Hydro-meteorological hazards

	Flood
	Floods (including landslides, erratic rainfall)
	6
	1

	Drought
	Droughts (including reduced rainfall)
	6
	1

	Storm
	Storms and cyclones
	4
	0

	Extreme temperature events
	Heatwaves
	3
	0

	Extreme temperature events
	Cold waves
	3
	0

	Environmental

	Environmental degradation
	Wildfires
	2
	1

	Environmental degradation
	Sea-level rise
	1
	0

	Environmental pollution
	Air quality-related events
	1
	0

	Unclassified / non-specific

	Unclassified / non-specific
	Broad category (extreme weather/climate change/natural disasters)
	7
	






	
Supplementary Table 5. Climate-related hazards described in articles classified as Strategies (n=19), classified using the UNDRR hazard classification

	Hazard Type
	Specific Hazard
	Total number of startegies mentioning the hazard
	Exclusively addressing the hazards

	Hydro-meteorological hazards

	Flood
	Floods (including landslides, erratic rainfall)
	12
	3

	Drought
	Droughts (including reduced rainfall)
	5
	0

	Storm
	Storms and cyclones
	7
	0

	Extreme temperature events
	Heatwaves
	7
	1

	Extreme temperature events
	Cold waves
	2
	0

	Environmental

	Environmental degradation
	Wildfires
	3
	0

	Environmental degradation
	Sea-level rise
	0
	0

	Environmental pollution
	Air quality-related events
	0
	0

	Unclassified / non-specific

	Unclassified / non-specific
	Broad category (extreme weather/climate change/natural disasters)
	4
	














Health outcomes classification separately for tools, frameworks and strategies

	
Supplementary Table 6. Health outcomes described in articles classified as Tools (n=7)

	Health outcome
	n

	Climate sensitive diseases and health issues
	4

	Heat-related illness
	1

	Not mentioned
	2






	
Supplementary Table 7. Health outcomes described in articles classified as Frameworks (n=15)

	Health outcome
	n

	Climate sensitive diseases and health issues
	8

	Vector borne disease
	1

	Infectious diseases
	2

	Malaria
	2

	Not mentioned
	2






	
Supplementary Table 8. Health outcomes described in articles classified as Strategies (n=19)

	Health outcome
	n

	Climate sensitive diseases and health issues
	11

	Vector borne disease
	1

	Infectious diseases
	1

	Heat-related illness
	2

	Not mentioned
	4









Domains of preparedness classification separately for tools, frameworks and strategies

	Supplementary Table 9. Domains of preparedness described in articles classified as Tools (N=7)

	Domains
	n

	Risk assessment & management
	2

	Surveillance and health information system
	1

	Infrastructure, technologies, products & processes
	6

	Health Workforce/Human Resources
	2

	Leadership and governance
	1

	WASH and healthcare waste management
	3

	Capacity building
	0

	Community support/engagement
	0

	Service delivery
	0

	Sustainability
	3

	Research
	1

	Financing
	1

	Monitoring and evaluation
	0

	Energy management
	3

	Communication and awareness raising
	0

	Food & Nutrition Security
	0






	
Supplementary Table 10. Domains of preparedness described in articles classified as Frameworks (N=15)

	Domains
	n

	Risk assessment & management
	8

	Surveillance and health information system
	7

	Infrastructure, technologies, products & processes
	4

	Health Workforce/Human Resources
	3

	Leadership and governance
	3

	WASH and healthcare waste management
	2

	Capacity building
	1

	Community support/engagement
	2

	Service delivery
	2

	Sustainability
	1

	Research
	2

	Financing
	2

	Monitoring and evaluation
	3

	Energy management
	0

	Communication and awareness raising
	1

	Food & Nutrition Security
	0





	
Supplementary Table 11. Domains of preparedness described in articles classified as Strategies (N=19)

	Domains
	n

	Risk assessment & management
	8

	Surveillance and health information system
	9

	Infrastructure, technologies, products & processes
	6

	Health Workforce/Human Resources
	8

	Leadership and governance
	7

	WASH and healthcare waste management
	3

	Capacity building
	6

	Community support/engagement
	4

	Service delivery
	3

	Sustainability
	1

	Research
	2

	Financing
	0

	Monitoring and evaluation
	0

	Energy management
	0

	Communication and awareness raising
	1

	Food & Nutrition Security
	1









Supplementary Figure 1.





 

Studies from databases/registers (n = 160)
Embase (n = 123)
PubMed (n = 37)
References from other sources (n = 18) 




Identification


References removed (n = 20)



 


Studies excluded (n = 68)
Studies screened (n = 158)


Screening

Studies not retrieved (n = 8)
Studies sought for retrieval (n = 90)



Studies excluded (n = 41)
Wrong context/concept (n = 36)

Studies assessed for eligibility (n = 82)



Included
Studies included in review (n = 41)   














Supplementary Figure 2.




















References

1.	Burkle Jr. FM. Challenges of Global Public Health Emergencies: Development of a Health-Crisis Management Framework. Tohoku J Exp Med. 2019;249(1):33–41. doi:10.1620/tjem.249.33
2.	Dogra N, Kakde V, Taneja P. Decision tool for climate disasters and infectious disease at sub-national level in India: Ensuring a paradigm shift in health planning from prevalence to vulnerability. Acta Trop. 2019 Mar 1;191:60–8. doi:10.1016/j.actatropica.2018.12.006
3.	Purcell R, McGirr J. Rural health service managers’ perspectives on preparing rural health services for climate change. Aust J Rural Health. 2018 Feb;26(1):20–5. doi:10.1111/ajr.12374
4.	Extreme weather events and HIV: development of a conceptual framework through qualitative interviews with people with HIV impacted by the California wildfires and their clinicians | BMC Public Health | Full Text [Internet]. [cited 2025 Mar 12]. Available from: https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-023-15957-5
5.	Persad-Clem R, Hoerster KD, Romano EFT, Huizar N, Maier KJ. Climate to COVID, global to local, policies to people: a biopsychosocial ecological framework for syndemic prevention and response in behavioral medicine. Transl Behav Med. 2022 Apr 1;12(4):516–25. doi:10.1093/tbm/ibac021
6.	Liu X, Tian Z, Sun L, Liu J, Wu W, Xu H, et al. Mitigating heat-related mortality risk in Shanghai, China: system dynamics modeling simulations. Environ Geochem Health. 2020 Oct;42(10):3171–84. doi:10.1007/s10653-020-00556-9
7.	Hunter MD, Hunter JC, Yang JE, Crawley AW, Aragón TJ. Public Health System Response to Extreme Weather Events. J Public Health Manag Pract. 2016 Jan;22(1):E1–10. doi:10.1097/PHH.0000000000000204
8.	Smith JC, Whiley H, Ross KE. Climate Change and Health: Local Government Capacity for Health Protection in Australia. PubMed [Internet]. 2023 [cited 2025 Mar 13]. Available from: https://pubmed.ncbi.nlm.nih.gov/36767114/
9.	Bikomeye JC, Rublee CS, Beyer KMM. Positive Externalities of Climate Change Mitigation and Adaptation for Human Health: A Review and Conceptual Framework for Public Health Research. PubMed [Internet]. 2021 [cited 2025 Mar 13]. Available from: https://pubmed.ncbi.nlm.nih.gov/33802347/
10.	Rocklöv J, Semenza JC, Dasgupta S, Robinson EJZ, Wahed AAE, Alcayna T, et al. Decision-support tools to build climate resilience against emerging infectious diseases in Europe and beyond [Internet]. [cited 2025 Mar 13]. Available from: https://www.thelancet.com/journals/lanepe/article/PIIS2666-7762(23)00120-5/fulltext
11.	Costello A, Abbas M, Allen A, Ball S, Bell S, Bellamy R, et al. Managing the health effects of climate change [Internet]. [cited 2025 Mar 18]. Available from: https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(09)60935-1/abstract
12.	Sorensen CJ, Fried LP. Defining Roles and Responsibilities of the Health Workforce to Respond to the Climate Crisis. PubMed [Internet]. 2024 [cited 2025 Mar 18]. Available from: https://pubmed.ncbi.nlm.nih.gov/38517435/
13.	Phalkey R, Dash SR, Mukhopadhyay A, Runge-Ranzinger S, Marx M. Prepared to react? Assessing the functional capacity of the primary health care system in rural Orissa, India to respond to the devastating flood of September 2008. PubMed [Internet]. [cited 2025 Mar 18]. Available from: https://pubmed.ncbi.nlm.nih.gov/22435044/
14.	Van Minh H, Tuan Anh T, Rocklöv J, Bao Giang K, Trang le Q, Sahlen KG, Nilsson M, Weinehall L. Primary healthcare system capacities for responding to storm and flood-related health problems: a case study from a rural district in central Vietnam. PubMed [Internet]. 2014 [cited 2025 Mar 18]. Available from: https://pubmed.ncbi.nlm.nih.gov/25511879/
15.	Viveros-Uehara T. Health Care in a Changing Climate. Health Hum Rights. 2021 Dec;23(2):139–51. PubMed PMID: 34966231; PubMed Central PMCID: PMC8694288.
16.	Bennett A, Yukich J, Miller JM, Vounatsou P, Hamainza B, Ingwe MM, et al. A methodological framework for the improved use of routine health system data to evaluate national malaria control programs: evidence from Zambia. Popul Health Metr. 2014 Nov 19;12(1):30. doi:10.1186/s12963-014-0030-0
17.	Karamagi HC, Titi-Ofei R, Kipruto HK, Seydi ABW, Droti B, Talisuna A, et al. On the resilience of health systems: A methodological exploration across countries in the WHO African Region [Internet]. doi:10.1371/journal.pone.0261904
18.	Lock-Wah-Hoon J, Zheng Y, Braks M, van Asten L, Liu Q, Sushama P, Doreleijers S, Krafft T, van der Hoek W, Fanoy E, Wang Q, Pilot E. Exploring Vector-Borne Disease Surveillance and Response Systems in Beijing, China: A Qualitative Study from the Health System Perspective. PubMed [Internet]. 2020 [cited 2025 Mar 18]. Available from: https://pubmed.ncbi.nlm.nih.gov/33212908/
19.	Mboera LEG, Mayala BK, Kweka EJ, Mazigo HD. Impact of climate change on human health and health systems in Tanzania: a review. Tanzan J Health Res. 2012 Mar 26;13(5). doi:10.4314/thrb.v13i5.10
20.	Maxwell S, Rommel R, Jacquez G, O’Neill M. Internet-based Heat Evaluation and Assessment Tool (I-HEAT). In. 2012.
21.	Rakotoarison N, Raholijao N, Razafindramavo LM, Rakotomavo ZAPH, Rakotoarisoa A, Guillemot JS, et al. Assessment of Risk, Vulnerability and Adaptation to Climate Change by the Health Sector in Madagascar. Int J Environ Res Public Health. 2018 Dec;15(12):2643. doi:10.3390/ijerph15122643 PubMed PMID: 30486244; PubMed Central PMCID: PMC6313613.
22.	Błażejczyk A, Blazejczyk K, Baranowski J, Kuchcik M. Heat stress mortality and desired adaptation responses of healthcare system in Poland. Int J Biometeorol. 2017 Sep 1;62:1–12. doi:10.1007/s00484-017-1423-0
23.	Farley JM, Suraweera I, Perera WLSP, Hess J, Ebi KL. Evaluation of flood preparedness in government healthcare facilities in Eastern Province, Sri Lanka. Glob Health Action. 2017 Jun 14;10(1):1331539. doi:10.1080/16549716.2017.1331539 PubMed PMID: 28612689; PubMed Central PMCID: PMC5496069.
24.	Älgå A, Dang TAT, Saulnier DD, Nguyen GT, von Schreeb J. Hope for the Best, Prepare for the Worst-An Assessment of Flood Preparedness at Primary Health Care Facilities in Central Vietnam. PubMed [Internet]. 2018 [cited 2025 Apr 3]. Available from: https://pubmed.ncbi.nlm.nih.gov/30501022/
25.	Climate change and primary health care - PubMed [Internet]. [cited 2025 Apr 3]. Available from: https://pubmed.ncbi.nlm.nih.gov/18075618/
26.	Opoku SK, Filho WL, Hubert F, Adejumo O. Climate Change and Health Preparedness in Africa: Analysing Trends in Six African Countries. Int J Environ Res Public Health. 2021 Apr 27;18(9):4672. doi:10.3390/ijerph18094672 PubMed PMID: 33925753; PubMed Central PMCID: PMC8124714.
27.	Lowe R, Ryan SJ, Mahon R, Meerbeeck CJV, Trotman AR, Boodram LLG, et al. Building resilience to mosquito-borne diseases in the Caribbean [Internet]. doi:10.1371/journal.pbio.3000791
28.	Checklists to Assess Vulnerabilities in Health Care Facilities in the Context of Climate Change. 1st ed. Geneva: World Health Organization; 2021. 1 p.
29.	World Health Organization, Regional Office for South-East Asia. Framework for action in building health systems resilience to climate change in South-East Asia Region, 2017–2022. 2017 [Internet]. New Delhi: WHO Regional Office for South-East Asia; [cited 2025 Mar 11]. Available from: https://iris.who.int/bitstream/handle/10665/258953/9789290226109-eng.pdf?sequence=1&isAllowed=y
30.	WHO_CDS_RBM_2001.32.pdf [Internet]. [cited 2025 Mar 13]. Available from: https://iris.who.int/bitstream/handle/10665/66848/WHO_CDS_RBM_2001.32.pdf?sequence=1&isAllowed=y
31.	Canadian Coalition for Green Health Care. Health care facility climate change resiliency checklist [Internet]. 2013 [cited 2025 Jul 17]. Available from: https://greenhealthcare.ca/wp-content/uploads/2020/07/1-CCGHC-HealthCareFacilityResiliencyChecklist.pdf22.	Measuring the climate resilience of health systems [Internet]. [cited 2025 Mar 25]. Available from: https://www.who.int/publications/i/item/9789240048102

32.	Health Care | U.S. Climate Resilience Toolkit [Internet]. [cited 2025 Mar 10]. Available from: https://dev-01-alb-drupal-wocdev.woc.noaa.gov/topic/health-care
33.	World Health Organization, Regional Office for South-East Asia. Framework for action in building health systems resilience to climate change in South-East Asia Region, 2017–2022 [Internet].  New Delhi: World Health Organization, Regional Office for South-East Asia; 2017 [cited 2025 Apr 28]. Available from: https://iris.paho.org/bitstream/handle/10665.2/34977/9789275119396_eng.pdf?sequence=1&isAllowed=y
34.	Quality Criteria for the Evaluation of Climate-Informed Early Warning Systems for Infectious Diseases. 1st ed. Geneva: World Health Organization; 2021. 1 p.
35.enters for Disease Control and Prevention, Agency-wide Climate and Health Task Force. FY 2022 strategic framework [Internet]. Atlanta: Centers for Disease Control and Prevention; 2022 [cited 2025 Mar 11]. Available from: https://www.cdc.gov/climate-health/media/pdfs/Agency-Climate-Health-External-Strategic-Framework-508.pdf36.	CDC. Climate and Health [Internet]. 2025 [cited 2025 Mar 13]. About Building Resilience Against Climate Effects (BRACE) Framework. Available from: https://www.cdc.gov/climate-health/php/brace/index.html
37.	Europe WHORO for. Implementing the European Regional Framework for Action to protect health from climate change: a status report [Internet]. World Health Organization. Regional Office for Europe; 2015 [cited 2025 Apr 29]. Available from: https://iris.who.int/handle/10665/162057
38.	Health Emergency and Disaster Risk Management Framework [Internet]. [cited 2025 Mar 13]. Available from: https://www.who.int/publications/i/item/9789241516181
39.	Climate Change and Health Vulnerability and Adaptation Assessment. 1st ed. Geneva: World Health Organization; 2021. 1 p.
40.	Measuring the climate resilience of health systems [Internet]. [cited 2025 Mar 25]. Available from: https://www.who.int/publications/i/item/9789240048102
41.	Report-of-Heat-Related-Activities-2024_NPCCHH.pdf [Internet]. [cited 2025 Apr 25]. Available from: https://ncdc.mohfw.gov.in/wp-content/uploads/2024/12/Report-of-Heat-Related-Activities-2024_NPCCHH.pdf

n	
2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	1	0	0	0	0	0	1	1	1	0	1	0	2	5	1	1	4	4	2	3	6	4	3	1	Year


No of articles



