
2023 STATE OF  
CLIMATE SERVICES
HEALTH

CLIMATE RISK & EARLY
WARNING SYSTEMS



WMO-No. 1335 
© World Meteorological Organization, 2023

The right of publication in print, electronic and any other form and in any language is reserved by WMO. Short extracts 
from WMO publications may be reproduced without authorization, provided that the complete source is clearly indicated. 
Editorial correspondence and requests to publish, reproduce or translate this publication in part or in whole should be 
addressed to:

Chair, Publications Board
World Meteorological Organization (WMO)
7 bis, avenue de la Paix Tel.: +41 (0) 22 730 84 03
P.O. Box 2300 Email: publications@wmo.int
CH-1211 Geneva 2, Switzerland

ISBN 978-92-63-11335-1

NOTE

The designations employed in WMO publications and the presentation of material in this publication do not imply the expression of 
any opinion whatsoever on the part of WMO concerning the legal status of any country, territory, city or area, or of its authorities, or 
concerning the delimitation of its frontiers or boundaries.

The mention of specific companies or products does not imply that they are endorsed or recommended by WMO in preference to others 
of a similar nature which are not mentioned or advertised.

The findings, interpretations and conclusions expressed in WMO publications with named authors are those of the authors alone and 
do not necessarily reflect those of WMO or its Members.

CONTRIBUTORS 
Report Editorial Board (WMO): 
Paul Egerton, Veronica F. Grasso, Christopher Hewitt, Cyrille Honoré, Filipe Lúcio, Jürg Luterbacher, Clare Nullis, 
Brigitte Perrin, Anthony Rea, Johan Stander

Scientific contributors (WMO): 
Veronica F. Grasso (publication coordinator), Tom Idle, Nakiete Msemo, Joy Shumake-Guillemot

Scientific review: 
Study Group on Integrated Health Services (SG-HEA): Diarmid Campbell-Lendrum, Juli Trtanj, Jonathan Abrahams, 
Peter Berry, S. C. Bhan, Juan Castillo, Yolanda Clewlow, Sally Edwards, David Gikungu, Kenza Khomsi, Qi Yong Liu, 
Roché Mahon, Andreas Matzarakis, Marcella Ohira, Judy Omumbo, Kyu Rang Kim, Reija Ruuhela, Ben Ryder, Craig 
Sinclair, Madeleine Thomson, Coleen Vogel
World Climate Research Programme (WCRP): Kris Ebi

Project coordination team: 
(WMO): Veronica F. Grasso, Christopher Hewitt, Jean-Baptiste Migraine, Nakiete Msemo, John Nairn, Joy 
Shumake-Guillemot, Robert Stefanski, Rosa Von Borries
(World Health Organization (WHO)): Diarmid Campbell-Lendrum, Tara Neville
(Wellcome Trust): Felipe J. Colón González, Ben Ryder, Madeleine Thomson
(National Oceanic and Atmospheric Administration (NOAA)): Juli Trtanj



Contributors:
Adaptation Fund: Mahamat Abakar Assouyouti, Cristina Dengel, Kalterine Vrenezi
Aerosol and Climate Lab, Lund University: Chuansi Gao
Agence Française de Développement : Julie Bompas, Pierre Crozier, Aurore Lambert, Pascale Le Roy, Marie-Noelle 
Woillez
Barcelona Supercomputing Center: Rachel Lowe
Belmont Forum: Nicole Arbour, Brian Leung 
Cancer Council of Victoria: Craig Sinclair 
Caribbean Institute for Meteorology and Hydrology: Roché Mahon, Cédric Van Meerbeeck, Adrian Trotman 
Caribbean Public Health Agency: Laura-Lee Boodram, Shane Kirton, Avril Isaac
Catalan Institution for Research and Advanced Studies: Rachel Lowe
Climate Policy Initiative: Baysa Naran, Costanza Strinati
Climate Risk and Early Warning Systems: John Harding, Maria Lourdes Kathleen Macasil, Yelena Minasyan
Direction de la Météorologie Nationale, Niger: Nazirou Touné 
EUMETNET AutoPollen Programme and Swiss Federal Office of Meteorology and Climatology MeteoSwiss: Bernard 
Clot, Jules Gros-Daillon, Fiona Tummon 
European Centre for Medium-Range Weather Forecasts (ECMWF) and the Copernicus Atmosphere Monitoring Service 
(CAMS): Cristina Ananasso, Carlo Buontempo, Chiara Cagnazzo, Julie Letertre, Vincent-Henri Peuch
Exemplars in Global Health: Zulfiqar A. Bhutta
French National Research Agency (ARN): Inès Alterio, Anne-Hélène Prieur-Richard
Getulio Vargas Foundation (FGV): Flávio Codeço Coelho
Global Atmosphere Watch: Tong Zhu
Global Environment Facility: Aloke Barnwal, Ladu David Morris Lemi, Fareeha Iqbal
Graduate Institute of International and Development Studies: Angele Mendy, Carole Presern, Jack Wesley Ralston, 
Jieun Yoo, Emanuele Zavanella, Clara Zuccarino 
Green Climate Fund: Charina Cabrido, Edson Hlatshwayo, Joseph Intsiful, Hyejin Namgung, Adrienne Soobin Park, 
Tara Lynn Patterson, Majeed Zulqarnain
Group on Earth Observations: Martyn Clark, Yana Gevorgyan, Rui Kotani, Bajwa Madeeha, Sara Venturini
Institut de Recherche pour le Développement (IRD): Vincent Herbreteau
Instituto de Hidrología, Meteorología y Estudios Ambientales, Colombia: Luis Reinaldo Barreto Pedraza 
Kenya Red Cross Society: Oscar Lino
Lancet Countdown on Health and Climate Change: Louis Jamart, Marina Romanello, Maria Walawender
Lancet Countdown on Health and Climate Change in Europe: Kim van Daalen
National Observatory of Athens: Iphigenia Keramitsoglou
NOAA: Hunter Jones, Michael Murphy, Juli Trtanj, Morgan Zabow
Public Health Agency of Canada: Lesley-Anne Dams
Red Cross Red Crescent Climate Centre: Tilly Alcayna
Servicio Meteorológico Nacional, Argentina: Mariela de Diego, Maria de los Milagros Skansi, Natalia Herrera, Celeste 
Saulo
SickKids Centre for Global Child Health, Toronto: Zulfiqar A. Bhutta 
The Aga Khan University, Pakistan: Zulfiqar A. Bhutta, Jai Das 
United Nations Development Programme: Ioana Creitaru, Ronald Jackson, Dao Khanh Tung, Benjamin Larroquette, 
John Macauley, Cecilia Oh, Mashida Rashid, Douglas Webb
University College London, Institute for Global Health
University of Cambridge: Megan He, Elizabeth Roe
University of Exeter: Philippa Mina
United States Global Change Research Program: Leo Goldsmith
Wellcome Trust: Felipe J. Colón-González, Ben Ryder, Madeleine Thomson
WHO: Diarmid Campbell-Lendrum, Antonios Kolimenakis, Tara Neville, Kelera Oli, Arthur Wyns, Lisa Bayley, Karen 
Polson, Lealou Reballos, Audreyanna Thomas
WMO: Assia Alexieva, Sara Basart, Julia Chasco, Jesse Cruz, Sarah Diouf, Jean-Baptiste Migraine, Wilfran Moufouma 
Okia, John Nairn, Oksana Tarasova, Rosa Von Borries

Graphic Design: Design Plus

Photo cover: Gregory Johnston/Canva

3



Ph
ot

o:
 G

ya
n 

S
ha

ha
ne

Contents

Contributors 3

Contents 4

Key messages 6

Message from the Secretary-General 7

About this report 8

The challenge 9

Climate and health policy response 15

The value 18

Current status of climate services for health 21
Barriers to co-producing and implementing climate services for health 26
Focus: Extreme heat 27
Focus: Air quality 30

Investment 33

The way forward 38

Stories and Case studies 41
Story: Collaboration across the Caribbean provides climate and health risk reduction 42
Story: EXTREMA Global: Building integrative networks for cooler cities 43
Story: Collaborative monitoring programme predicts, detects, and reports pollen  
concentrations in real time to help allergy sufferers 44
Case study 1: Food security and shock response systems support social protection in  
Mauritania and the Sahel 45
Case study 2: Early warning system for extreme temperatures in Argentina 46
Case study 3: Improving clean water provision and nutrition through drought anticipation 
measures in Kenya 47
Case study 4: How Colombia’s Climate and Health Bulletin is improving the management of 
environmental health and climate services 49
Case study 5: Integrating climate and environmental information from satellites into health 
surveillance systems for Myanmar 50

4



Ph
ot

o:
 G

ya
n 

S
ha

ha
ne

Case study 6: The Local Climate Adaptation Tool supporting local decision makers in the UK to 
identify adaptation measures 51
Case study 7: Model-based risk assessments of vector-borne disease emergence with climate 
change in Canada 52
Case study 8: Smart health-care facilities provide safer and greener health services in 
the Caribbean 53
Case study 9: Forecast-based financing and early action protocols for disease and health risks 55
Case study 10: Global mobile access and awareness of local UV radiation exposure risk and 
public health precautions 56
Case study 11: The Caribbean Health Climatic Bulletin is the result of partnership-driven climate 
services for health 57
Case study 12: Enabling environment for integrated risk monitoring and climate-informed 
early warning systems in Fiji 58
Case study 13: Handheld access to actionable heat risk and response information in eight 
global cities 59
Case study 14: Real-time monitoring and alerts of allergenic pollen risk across Europe 60
Case study 15: One Health approach helps NOAA to integrate weather, water and climate services 61
Case study 16: Tracking climate change-related health impacts in Europe using evidence-based 
indicators 62
Case study 17: Enhancing the climate and disaster resilience of the most vulnerable 
settlements in Lao PDR 63
Case study 18: An integrated early warning dengue system in Vietnam 64
Case study 19: Identifying malaria risk in Niger 65

Data and methods 66

All case study contributors 67

Endnotes 70

5



Ph
ot

o:
 L

eo
 W

ol
fe

rt

Key messages
The world is warming at a faster rate than at any point in recorded history. Climate change undermines health determinants1 
and increases pressures on health systems, thereby threatening to reverse decades of progress to promote human health 
and well-being, particularly in the most vulnerable communities. The Intergovernmental Panel on Climate Change (IPCC) 
concludes, with very high confidence, that future health risks of injury, disease and death will increase due to more intense 
and frequent temperature extremes, cyclones, storms, floods, droughts and wildfires. It is anticipated that over 50% of the 
excess mortality resulting from climate change by the year 2050 will occur in Africa.2

Health protection is a priority in almost all countries and requires high-quality information to better inform decision-
making. The majority of Nationally Determined Contributions (NDCs)3 and National Adaptation Plans (NAPs)4 prioritize the 
health sector. To systematically and effectively address the challenges presented by climate variability and change, the 
health sector needs to ensure that climate information and services inform national assessments and policies.

Climate information and services are fundamental for better understanding how and when health systems and population 
health can be impacted by climate extremes and a changing climate, and for managing climate-related risks. Tailored 
climate products and services can enhance the evidence and information available to health sector partners to detect, 
monitor, predict and manage climate-related health risks. Examples of where health sector partners are successfully using 
climate information and services are illustrated in the Case studies.

There is huge potential for enhancing the benefits of climate science and climate services for health. Despite examples 
of success, data shows that the health sector is underutilizing available climate knowledge and tools. At the same time, 
climate services need to be further enhanced to fully satisfy the health sector requirements. While 74% of National 
Meteorological and Hydrological Services (NMHSs) provide climate data to health actors, the uptake into mainstreamed 
health decision tools is limited, with just 23% of Ministries of Health having a health surveillance system that utilizes 
meteorological information to monitor climate-sensitive health risks. Data from WMO shows that only 31% of NMHSs 
provide climate services at a “full” or “advanced” level of capacity, where co-production and tailoring most often happen. 
This reflects a significant capacity gap to be filled in order to increase the role that NMHSs can play in supporting the 
health sector.

Extreme heat causes the greatest mortality of all extreme weather, yet heat warning services are provided to health 
decision makers in only half of the affected countries. Extreme heat services are expected to rapidly increase by 2027 
under the United Nations Early Warnings for All initiative. The impacts of extreme heat and heatwaves are underestimated, 
as heat-related mortality could be 30 times higher than current estimates. Between 2000 and 2019, estimated deaths due 
to heat were approximately 489 000 per year, with a particularly high burden in Asia (45%) and Europe (36%).5 

Every year poor air quality is responsible for millions of premature deaths and is the fourth biggest killer by health risk 
factor. Concerns relating to air quality, climate change and health are interlinked. Climate mitigation action leading 
to reducing air pollution can save lives. Despite this, only 2% of climate finance commitments made by international 
development funders in developing and emerging countries is explicitly aimed at tackling air pollution (in 2015–2021).6 

There is insufficient investment to improve the capabilities of the health sector and related climate services to deploy 
research and integrated systems for effective climate adaptation and mitigation related decision-making. This leaves the 
health sector ill-prepared to safeguard the most vulnerable. Currently, just 0.2% of total bilateral and multilateral adaptation 
finance supports projects that identify health as the primary focus. There is insufficient investment for developing human 
resource and operational capacities and the systems needed to provide decision support for local adaptation and mitigation.7 

To fully harness the potential of climate services for health, transformational change in institutional development and 
integration across the health and climate sectors are needed.
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WMO has issued annual reports on the state of climate 
services since 2019 in order to provide scientifically based 
information to support climate adaptation and mitigation. 
This 2023 edition of the WMO State of Climate Services 
report focuses on health, one of the priorities of the Global 
Framework for Climate Services (GFCS) and a top priority for 
countries in their Nationally Determined Contributions. The 
interconnection between climate and health is undeniable 
and multifaceted. Climate change impacts a wide range of 
health factors, from heat-related illnesses to the spread of 
infectious diseases and air pollution-related health issues.

The onset of El Niño in 2023 will greatly increase the 
likelihood of breaking temperature records further, triggering 
more extreme heat in many parts of the world and in the 
ocean – and making the challenge of adaptation even greater.

Understanding and mitigating these risks requires concerted 
efforts on both the environmental and public health 
fronts, including transitioning to clean energy sources, 
improving health-care infrastructure and implementing 
climate adaptation measures to protect the most vulnerable 
populations. Addressing the climate-health nexus is essential 
for safeguarding the well-being of current and future 
generations.

As we highlight in this report, climate services and information 
are vital to saving lives and protecting livelihoods. There are 
many good examples included in the Case studies section, 
exploring how health sector partners are successfully using 
climate information and services to detect, monitor, predict 
and manage climate-related health risks.

Through the GFCS and the United Nations Early Warnings 
for All initiative, WMO and its partners want to realize the 
potential of climate information and early warning systems 
worldwide. The number of medium- or large-scale disaster 
events is projected to reach 560 per year – or 1.5 each day – 
by 2030.8 Countries with limited early warning coverage have 
disaster mortality that is eight times higher than countries 
with substantial to comprehensive coverage.9 

It is clear that by channelling investment and boosting 
collaboration, there is huge potential to go further and faster 
by enhancing the impact of climate science and services. 
This will allow health partners to receive the support they 
need at a time when unprecedented changes to our climate 
are having an increasingly greater impact. 

Prof. Petteri Taalas  
Secretary-General  

WMO
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About this report
In 2018, the Conference of the Parties serving as the meeting 
of the Parties to the Paris Agreement at the 24th Conference 
of the Parties to the United Nations Framework Convention on 
Climate Change (UNFCCC) called on WMO, through its Global 
Framework for Climate Services (GFCS), to regularly report 
on the state of climate services. WMO has issued annual 
reports on the state of climate services since 2019 in response 
to this United Nations request for more information on the 
adaptation needs of countries. The information provided 
helps countries, funding agencies and development partners 
to identify steps needed to address climate services gaps and 
needs, to inform more effective investment and to enhance 
adaptation and development outcomes.

The 2023 edition of the report describes the current 
state of climate services for health. It considers a range 
of data, peer-reviewed literature and reports, policy 
documents and case studies. The report is divided into 
seven sections. The first section presents the current and 
future challenges to protecting health and well-being from 
the impact of climate variability and change. The second 
section analyses countries’ climate policy priorities in the 
Nationally Determined Contributions, and reflects on the 

demand for climate services to address health priorities. 
The third section describes the value that climate services 
bring to the health sector in achieving these policy goals. 
The fourth section reviews the status of climate services for 
health at global, regional and national levels, and the ability 
of such services to address two high-priority climate risks to 
health: extreme heat and hazardous air quality. Based on the 
analysis of the current status of climate services for health, 
the fourth section also identifies the needs, gaps and future 
actions required. The fifth section highlights the investment 
landscape of current funding for climate and health science 
and services. The report concludes with a series of next 
steps, recommendations (sixth section) and stories and case 
studies (seventh section).

Building on the established WMO State of Climate Services 
reports, this year’s report is taking a new approach. Instead 
of solely relying on text and graphs, the 2023 report is 
introducing human-interest stories that resonate with and 
captivate audiences. Partnering with a creative agency, and 
with support from the Argentinian National Meteorological 
Service and WMO communications team, this is the first 
WMO flagship report to incorporate such storytelling.
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The challenge
The climate sustains life and people’s health, but also 
poses important threats to well-being, through exposure to 
extreme weather and through its influence on life-sustaining 
ecosystems. The world is warming at a faster rate than at 
any point in recorded history. Climate change undermines 
health determinants and increases pressures on health 
systems, thereby threatening to reverse decades of progress 
to promote human health and well-being, particularly in the 
most vulnerable communities.10 

“Health is a state of complete physical, mental and social 
well-being and not merely the absence of disease or 
infirmity”, according to the World Health Organization 
(WHO).11 The way in which “good health” is attained and 
protected is the result of economic, social, environmental, 
political and civic processes and systems, all of which are 
vulnerable to the changing climate The climate, exacerbated 
by climate change, poses systematic and serious threats 
to human health because it affects many of the social and 

environmental determinants of good health, such as clean 
and safe air, water and shelter, food security, economic 
opportunities, livelihoods, social status, healthy behaviours, 
culture, equity, and access to health care and social support 
structures.

Climate change is documented to be impacting human 
health in many complex ways,12 including by leading to 
death, injury and illness from heat stress, the disruption of 
ecosystems and food systems, the increase in food-, vector- 
and waterborne diseases, and exposure to air pollution 
(Table 1). Direct injury, illness and death, and many forms 
of indirect effects of climate, such as deterioration of mental 
health and exacerbation of non-communicable diseases, also 
result from increasingly frequent and intense temperature 
extremes, cyclones, storms, floods, droughts and wildfires. 
Climate-related disruptions to ecosystems, resulting in 
cascading impacts on biodiversity, land use and mental 
health, are emerging concerns. 

Table 1. Intergovernmental Panel on Climate Change (IPCC) observed and future risks to physical health due to climate change in 
all regions. The * indicate the confidence levels based on the strength and consistency of evidence as follows: **** = very high 
confidence; *** = high confidence; ** = medium confidence; * = low confidence.

Condition Observed status Diagnoses cited IPCC WG II future assessment

Heat stress Linked to mortality and 
morbidity (8)****

Heat illness Increases (13)****

Foodborne and 
waterborne 
diseases (8)

Increased occurrence****

Increased regional risks of 
aquatic pathogens

Increased occurrence of 
diarrhoeal disease linked 
to extreme temperature 
events or natural hazards

Vibrio spp.***

Cyanobacteria**

Cholera****

Other gastrointestinal 
infections***

Increases in many regions (13)***

Increases in schistosomiasis 
(Africa) (13)***

Vector-borne 
diseases (8)

Increased occurrence**

Increased range of 
expansion or increased 
reproduction of disease 
vectors***

Chikungunya (Americas, Asia, 
Europe)**/***

Tickborne encephalitis 
(Europe)**

Lyme disease (North America,*** 
Europe**)

Rift Valley fever (Africa)

West Nile fever** (Europe, Asia, 
North America) Malaria (eastern 
and southern Africa)***

Dengue (globally)***

Expansion to higher latitudes and 
altitudes and increased duration 
of season of transmission***

2.25 billion people across 
4 regions newly at risk for 
dengue (13)***

Increases in Lyme disease***

Increases in malaria across 
3 regions***

Animal and 
human diseases 
such as 
zoonoses

Emerging in new areas 
(8)***

Anthrax

Tularaemia (8)****

Increasing emergence of novel 
zoonoses (14)**

9



Condition Observed status Diagnoses cited IPCC WG II future assessment

Air pollution 
(wildfire smoke, 
atmospheric 
dust, 
aeroallergens)

Increased exposure to 
wildfire smoke**** and 
pollen (8)***

Cardiovascular and respiratory 
distress

Increases in respiratory disease 
from aeroallergens and ozone 
(13)***

Food insecurity Increased risks (12)*** Malnutrition (8)*** Increases in food insecurity 
(15)***

Increases in undernutrition and 
dietrelated mortality and risks 
(13)***

10% increase in DALYs by 
2050 for undernutrition and 
micronutrient deficiencies (13)**

Increases in malnutrition through 
reduced nutritional quality, 
reduced access to balanced food, 
and inequality (15)***

Increases in diet-related 
risk factors and related 
noncommunicable diseases 
globally (13)

Increases in undernutrition, 
stunting and related childhood 
mortality, particularly in Africa 
and Asia (13)***

8–80 million people at risk of 
hunger by 2050, concentrated in 
sub-Saharan Africa, South Asia 
and Central America (13)***

Increases in cardiovascular 
disease mortality; compared with 
the 1980s, this increase could be 
69–134% by the 2080s (13)***

Food safety Increased risks in 
agriculture and fisheries 
(16)***

Increased impacts on food 
safety (8)***

Increased disease resulting 
from consumption of toxins or 
contaminants** (e.g. toxigenic 
fungi,**** POPs,** methyl 
mercury**) (16)

Increased bacterial infections 
(Salmonella, Campylobacter, 
Cryptosporidium),** mycotoxins 
associated with cancer and 
stunting in children,*** and 
seafood contamination with 
marine toxins and pathogens***

Food safety compromised*** by 
toxigenic fungi, contamination, 
algal blooms,*** POPs, methyl 
mercury (15),** and increases in 
Campylobacter, Escherichia coli 
and Salmonella (13)**

Insecure and 
inadequate 
WASH

Increased disease risk 
(8)***

Waterborne and waterrelated 
diseases

Malnutrition

Increases in water-related risks 
(17)***

Note: DALYs = disability-adjusted life-years; POPs = persistent organic pollutants; WASH = water, sanitation and hygiene, 
WG = Working Group.
Source: Willetts, E.; Campbell-Lendrum, D. Review of IPCC Evidence 2022: Climate Change, Health, 
and Well-being; World Health Organization (WHO), 2022. https://www.who.int/publications/m/item/
review-of-ipcc-evidence-2022--climate-change--health--and-well-being.
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The IPCC’s Sixth Assessment Report concluded that climate 
change is a multiplier of current health vulnerabilities, 
including food insecurity, limited access to safe water, and 
reduced access to improved sanitation, health care and 
education. Table 1 also highlights that climate change is 
predicted, with very high confidence, to increase global 
exposure to heat stress, and, with high confidence, to impact 
the transmission of infectious diseases and exposure to air 
pollution.

Detection and attribution studies show the increasing 
influence of anthropogenic climate change on weather 
extremes resulting in direct injuries and death. The situation 
is particularly acute in small island developing States (SIDS) 
and least developed countries (LDCs). Since 1970, SIDS have 
lost 153 billion US dollars (USD) due to weather-, climate- 
and water-related hazards – a significant amount given 
that the average gross domestic product (GDP) for SIDS is 
USD 13.7 billion. Meanwhile, 1.4 million people (70% of the 
total deaths) in LDCs lost their lives due to weather-, climate- 
and water-related hazards in the past fifty years.13 In the last 
decade, the observed mortality as a result of floods, drought 
and storms is 15 times higher in countries ranked as “highly 
vulnerable” when compared to less vulnerable countries.14 

As reported by the Lancet Countdown on Health and Climate 
Change,15 extreme heat is having devastating impacts. 
Globally, in 2012–2021, adults over 65 years – an age group 
particularly vulnerable to the health impacts of extreme 
heat16 – experienced 3.1 billion more person-days of heatwave 
annually (3.2 more days per person in 2021) than in baseline 

years (1986–2005).17 Driven by the rising temperatures 
and the growing over-65 population, annual heat-related 
mortality in this age group increased by approximately 68% 
between 2017–2021, compared to 2000–2004. Worldwide, 
heat exposure also limits labour capacity and productivity, 
undermining the livelihoods and well-being of families.18,19 

Climate change is exacerbating risks of food insecurity, 
as environmental impacts on food systems affect food 
availability, access and utilization, and ultimately health and 
nutrition.20,21 In 2012–2021, 29% more global land area was 
affected by extreme drought for at least one month per year 
than in 1951–1960, threatening food security, water security 
and sanitation. The compounding impacts of droughts and 
heatwave days were associated with 98 million additional 
people reporting moderate to severe food insecurity in 2020 
than annually in 1981–2010, in 103 countries analysed.22

The changing climatic conditions are also enhancing the 
transmission of many climatically sensitive infectious vector-, 
food- and waterborne diseases. For example, dengue is the 
world’s fastest-spreading vector-borne disease.23 The suitable 
climatic conditions (such as temperature and precipitation) 
that are optimal for the proliferation of the mosquito vectors 
responsible for the transmission of dengue increased by 
11.5% for the Aedes aegypti vector and 12.0% for the Aedes 
Albopictus vector between 1951–1960 and 2012–2021. 
Meanwhile, the length of the malaria transmission season 
has increased in the highlands of the Americas (by 31.3%) and 
of Africa (by 13.8%) over this period, adding extra pressure 
to disease control efforts (Figure 1).

98 million more people with moderate to severe food insecurity in 2020 than in previous 30 years

Climate suitability of dengue transmission rose by 12% from 1951–1960 to 2012–2021

Climate suitability of malaria transmission increased in the highlands in the Americas and in Africa, 
by 31.3% and 13.8% between 1951–1960 to 2012–2021

7 million deaths globally in 2020 due to air pollution

470 billion potential labour hours lost globally in 2021 due to heatwaves - a 37% increase from 1990–1999

USD669 billion potential loss on income in 2021

Elderly and children were exposed to 3.2 more days of extreme heat per person in 2021 than annually 
in previous 25 years

Heat-related deaths increased by 68% in 2017–2021 as compared to 2000–2004

Figure 1. Climate change impacts on health
Source: Based on data from Romanello, M.; Di Napoli, C.; Drummond, P. et al. The 2022 Report of the Lancet Countdown on 
Health and Climate Change: Health at the Mercy of Fossil Fuels. The Lancet 2022, 400 (10363), 1619–54. https://doi.org/10.1016/
S0140-6736(22)01540-9.
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Figure 2. The need for a systems approach: observed impacts of climate change on human systems
Source: Intergovernmental Panel on Climate Change (IPCC). Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution 
of Working Group II to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change; Pörtner, H.-O.; Roberts, D. C.; 
Tignor, M. et al., Eds.; Cambridge University Press, Cambridge, UK and New York, USA, 2022. https://www.ipcc.ch/report/ar6/wg2/.

Figure 2 highlights that climate change is likely to present 
adverse and positive impacts on human systems and health 
in every world region. All of the human system impacts in 
Figure 2 either affect health directly or are determinants of 
health and well-being. The interdependency of many climate-
affected systems, from agricultural food production to the 
built environment and water availability, will drive the degree 
of impact on human health. Some of the most significant 
challenges to health are in the nexus of water, food security 
and nutrition, the nexus of infectious diseases (food-, water-, 
vector- and airborne diseases) and the nexus of extreme 
weather and air quality, particularly in urban areas.

Health is one of the fundamental human rights of every 
human being without distinction of race, religion, political 
belief or economic or social condition.24 The impacts of 
climate change threaten this right to health in unfair ways, 
because the impacts of climate and climate change are 
disproportionately felt by people experiencing higher, and 

often compounding, vulnerabilities and disadvantages, 
including women, children, ethnic minorities, Indigenous 
peoples, poor communities, migrants or displaced persons, 
older populations and those with underlying health 
conditions. Furthermore, as shown in Figure 3, highly 
vulnerable populations are not evenly distributed across 
regions, nor within countries. An even more inequitable 
future may lie ahead without targeted policy and adaptation 
efforts to protect the most vulnerable. 

The IPCC projects, with very high confidence, future health 
risks of injury, disease and death as a result of more intense 
heatwaves and fire, and of food- and waterborne diseases. It 
is anticipated that over 50% of the excess mortality resulting 
from climate change by the year 2050 will occur in Africa.25 
Figure 4 provides a snapshot of the unequal risks that may 
be faced in 2050, such as projected mortality from heat, 
undernutrition and diarrhoea and projected population at 
risk of malaria, without adequate adaptation. 
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Figure 3. Global distribution of vulnerable people, with examples
Source: Intergovernmental Panel on Climate Change (IPCC). Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution 
of Working Group II to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change; Pörtner, H.-O.; Roberts, D. C.; 
Tignor, M. et al., Eds.; Cambridge University Press, Cambridge, UK and New York, USA, 2022. https://www.ipcc.ch/report/ar6/wg2/.
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Figure 4. Health outcomes: CO2 emissions (A) and projected climate change attributable mortality (B, C, D, E) in 2050 (ppm = parts per 
million)
Source: Deivanayagam, T. A.; English, S.; Hickel, J. et al. Envisioning Environmental Equity: Climate Change, Health, and Racial 
Justice. The Lancet 2023, 402 (10395), 64–78. https://doi.org/10.1016/S0140-6736(23)00919-4.

Adaptation of health and health-supportive systems is 
urgently needed to prevent rapidly increasing health 
impacts of climate change. Insufficient preparedness 
and climate adaptation efforts expose vulnerable health 
systems to negative impacts of climate change-related 
health hazards.26 Water and sanitation, hospitals and clinics, 
pharmaceutical and laboratory production to distribution 
pipelines, and ambulatory services are examples of health 
system functions that are at risk of disruption, damage or 
destruction from climate-related hazards such as flooding 
and extreme heat. In 2021, only 35% of low or medium 
Human Development Index (HDI) countries reported “high” 
to “very high” implementation status for health emergency 
management within the International Health Regulations 
monitoring.27 Without enhanced risk prevention and 
preparedness in health and across the whole of society at 
the community level, the loss and damage to facilities and 
health services will prevent access to health care, lead to 

the loss of life, and hamper the ability of health systems 
to further manage the multifaceted risks to health from 
climate and climate change, such as extreme events and 
expanding infectious diseases.

With the health impacts of climate change rapidly increasing, 
accelerating health adaptation efforts is urgently needed. 
With each fraction of a degree of heating, these health risks 
will continue to increase. Accelerating efforts to limit global 
mean temperature rise to 1.5 °C is essential to keep climate 
change risks within the capacity of health-supporting systems 
to adapt.

The most effective measures to reduce vulnerability in the 
near term are programmes that improve public health today 
and consider the climatic conditions of the future.
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Climate and health 
policy response
Health protection is a priority for climate policies in almost all 
countries and requires high-quality climate information to better 
inform decision-making.
Demand from policymakers for evidence and information 
about how the climate is changing and how it will impact 
society is rapidly rising. This is seen through an increasing 
focus on health within climate-related policies, such as 
Nationally Determined Contributions (NDC) reports to the 
United Nations Framework Convention on Climate Change 
(UNFCCC), National Adaptation Plans (NAPs), Health National 
Adaptation Plans (HNAPs), and disaster and emergency risk 
management policies. This is also seen through rapid growth 
in climate and health research, and policy and health system 
efforts to inform and enhance disease control programming, 
water and sanitation, social protection, energy, environmental 
protection policies – all of which support the transition to 
low-carbon, climate-resilient and sustainable health systems.

Based on a review of 193 NDC reports, the majority (91%) 
of NDCs28 and all NAPs29 referred to health. Close to a third 
(29%) of NDCs now allocate climate finance to health actions 
and/or plans. However, just 11% include unconditional 
finance targets for some or all of their health actions and/
or plans.30 

Figure 5 shows that the health sector is increasingly engaged in 
NDCs worldwide, especially in Africa. While many vulnerable 
countries had a high level of health engagement included 
in their NDC, the analysis does not determine whether the 
level of ambition is sufficient to address a country’s health 
adaptation requirements.

Figure 5. Health engagement score in NDCs, by country. The score is based on indicators measuring the specificity and detail of the 
references to health made within a nation’s NDC
Note: No mention of any health-related term returned “0” on the scorecard. General mentions of health, the need for adaptation in 
the health sector, or co-benefits are entered as a “1” on the scorecard. Specific health impacts, adaptation needs, or co-benefits, 
such as concerning diseases or heat-related illness, scored a “2”. Two or more particular mentions and detailed adaptation plans are 
entered at “3” on the scorecard. Detailed adaptation plans, combined with specificity elsewhere, received “4”. NDCs containing a 
dedicated health section or subsection received a “5” on the scorecard. Grey indicates countries that are either not parties to the Paris 
Agreement or have not submitted an NDC as of January, 2020. 
Source: Figure adapted from Dasandi, N.; Graham, H.; Lampard, P. et al. Engagement with Health in National Climate Change 
Commitments Under the Paris Agreement: A Global Mixed-methods Analysis of the Nationally Determined Contributions. The Lancet 
Planetary Health 2021, 5 (2), E93–E101. https://doi.org/10.1016/S2542-5196(20)30302-8. 15
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Figure 6. Number of NDCs that refer to climate-sensitive health risks or outcomes, by region
Note: Only the top four priorities are highlighted in the map.
Source: Readapted from WMO based on data from World Health Organization (WHO). 2023 WHO Review of Health in Nationally 
Determined Contributions and Long-term Strategies: Health at the Heart of the Paris Agreement; WHO: Geneva, 2023.  
https://apps.who.int/iris/handle/10665/372276.

Figure 6 shows the regional distribution of priority health 
risks as mentioned in NDCs. Globally, 28% of NDCs prioritize 
vector-borne diseases, and 25% prioritize injury and mortality 
from extreme weather events.

This review of current NDCs highlights the progress made 
in integrating health and climate mitigation and adaptation, 
when compared with previously submitted NDCs. According 
to the World Health Organization (WHO):

Compared with previous rounds of national climate plans, many 
climate and health targets have improved their evidence base, 
level of quality, scope, and financing. Most national climate plans 
now recognize climate change is a threat to human wellbeing and 
planetary health, while the benefits for human health arising from 
mitigation action are increasingly incorporated in climate targets.31
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During the 26th United Nations Climate Change Conference 
(COP26), the health community reached an important 
milestone in bringing human health to the forefront of the 
climate change agenda. Despite the recognition of health 
in Article 4 of the UNFCCC, for the first time in the UNFCCC 
process a health programme was promoted in 2021. 
WHO launched the Alliance for Transformative Action on 
Climate and Health32 (ATACH) which today brings together 
70 countries that have made commitments at the Health 
Minister level to strengthen the climate resilience and/or 
reduce the greenhouse gas emissions associated with their 
health systems.

To help guide the health sector to systematically and 
effectively address the challenges presented by climate 

variability and change, WHO has developed the Operational 
Framework for Climate Resilient and Low Carbon Health 
Systems33 (Figure 7) as the basis for developing Health 
Adaptation Plans and NDCs. Each area of the framework can 
be climate informed. The functions coloured in green require 
climate information and services to be able to inform the 
other functions, especially climate-informed programming, 
such as for vector control, water and sanitation or facilities, 
and health system preparedness for extreme weather.

Despite the recent growth in interest and policy engagement, 
there is still room for improvement in ensuring the health 
sector is fully aligned with national climate responses, and 
in utilizing climate information and services to seamlessly 
inform national assessments and policies.

Figure 7. WHO Operational Framework for Climate Resilient Health Systems
Source: World Health Organization (WHO). Operational Framework for Building Climate Resilient and Low Carbon Health Systems; 
WHO: Geneva, 2023. (in press)
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The value
Climate information enhances public health prevention strategies 
and preparedness to save lives, reduce health risks and impacts, 
and support countries’ adaptation and mitigation efforts.
Due to increased weather-, climate- and water-related health 
hazards, the health sector will increasingly need reliable 
and robust information services to strengthen its resilience 
to climate change and variability. Integrated and applied 
climate products, services and systems that are robust and 
tailored can enhance the evidence and information available 
to health partners to detect, monitor, predict and mitigate 
climate-related health risks.

Climate services for health are a new type of health service 
to help the health sector become smarter and more agile 
in an uncertain and increasingly extreme climate.34 Climate 
services are a vehicle through which climate and other types 
of information can be tailored to appropriately inform sectoral 
decision makers.

WHAT ARE CLIMATE SERVICES FOR HEALTH? 
Climate services for health are “the entire iterative process of collaboration between relevant multi and trans-
disciplinary partners to identify, generate and build capacity to access, develop, deliver, and use relevant and 
reliable climate knowledge to enhance health decisions”.35 These services take many forms, but all have common 
characteristics and the common goal to produce integrated and actionable climate information, stemming from a 
well-grounded holistic perspective of past, present or future states of climate-related risks to society.36 

Climate information and services are a foundational element for understanding and monitoring the influence of a 
changing climate on population health and health systems. They allow decision makers to have foresight and plan 
ahead to inform policy and practice that can be protective months, seasons and years ahead. Climate services can 
improve the communication of climate-related risks to health professionals, identify those populations that are 
most vulnerable, predict when and where climate-associated health risks may be greatest, and support the effec-
tive design and targeting of interventions.37 Climate services are indispensable for risk assessment, emergency 
preparedness, early warning and programmatic interventions to protect the health of the public. They are also an 
integral part of disaster risk reduction, intended to minimize the impact of climate hazards on public health and 
society at large, by enhancing health early warning systems, disease prevention and control efforts, heatwave 
and air quality management, climate change adaptation, anticipatory governance structures and health education. 
Climate services contribute to empowering individuals, and building climate-resilient health systems and healthy 
communities.

Example benefits of climate services for health:
• In Kenya, humanitarian organizations are better able 

to quantify the risk of anticipated drought thanks to 
improved forecasting, increased drought monitoring 
and the sharing of information. A 2022 survey by Kenya 
Red Cross indicated that all of the rehabilitated water 
facilities remained functional throughout the drought 
period despite the increased dependence on them as a 
source of clean and cheaper water for household use, while 
drought impacts started peaking. See Case study No. 3.

• In Europe, a mobile app has been developed to provide 
information on risks of heatwaves in urban environments. 
In 2022, 1 000 Athenians and visitors used the app to 
cope with heat and air pollution. See Case study No. 13. 
Meanwhile, real-time observations of aeroallergens are 

revolutionizing the information available to users of the 
app – and improving the health of millions of European 
allergy patients. See Case study No. 14.

• Enhanced integrated risk monitoring and climate-
informed early warning systems have helped people in 
Fiji to better prepare and respond to climatic changes, 
reducing morbidity and mortality from climate-sensitive 
diseases. See Case study No. 12.

• The 2006 heatwave in France resulted in 2 065 excess 
deaths, which is significantly lower than what was 
expected – namely, approximately 4 400 fewer deaths. 
This was attributed to increased awareness, preventive 
measures and the presence of a warning system.38
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Climate information opportunities
Climate information has the potential to inform a wide range of health decisions through an improved understanding of 
the following:39

to help identify 
new opportuni-
ties for interven-

tion 

Mechanisms
of disease 

transmission:
Spatial risk: Seasonal risk:

Sub-seasonal 
and year-to-year 
changes in risk:

Trends in risk: 
Assessment of 
the impacts of 
interventions: 

to help identify 
populations at 
risk for better 
targeting of 

interventions 

to inform the 
timing of routine 

interventions 

to identify when 
changes in 

epidemic risk are 
likely to occur, so 

as to initiate 
appropriate 

prevention and 
response 
strategies 

to identify 
long-term drivers 

of disease 
occurrence 

(including shi�s in 
the climate) to 

plan for and 
support future 
prevention and 

response 
strategies

to remove the 
role of climate if 
it interferes with 

the proper 
assessment of 
interventions 

HOW THE HEALTH SECTOR USES CLIMATE 
INFORMATION
The health sector is comprised of many actors at different 
levels, who work in partnership. These include Ministries 
of Health; public health agencies; public and private 
pharmaceutical and laboratory service providers; research 
teams and academia; non-governmental organizations 
(NGOs); public and private health-care providers; insurance 
and social protection schemes; and development banks, 
multilateral organizations, bilateral donors, philanthropic 
donors and funding mechanisms.

Health functions that can benefit from being informed by 
weather and climate information include40 vulnerability 
analysis, risk assessment and proactive all-hazards risk 
reduction; disease control strategies; health policy and 
regulations; disease monitoring and surveillance; financial 
and human resource allocation; pharmaceutical, health, 
pesticide and vaccine supply flow; and health infrastructure 
siting and maintenance.

Public health and health protective functions in other sectors 
include water, sanitation and hygiene infrastructure and 
services, disaster and emergency services, land use and 
urban planning, and food security.

“Good health” is a common outcome for other sectors 
which provide clean water, sufficient and safe housing 
and transport, food security, access to energy and social 
services. Protecting health requires coordinated science, 
policy and action across many sectors and levels of 
governance. The interdependency and role of other sectors 
in health was demonstrated by the need for all sectors 
to help prevent and control the COVID-19 pandemic. The 
impact on other sectors, from meteorology to transport, 
was also evident when workers were sick and unable to 
maintain functions. 

THE NEED TO INTEGRATE CLIMATE 
INFORMATION INTO KEY HEALTH SYSTEM 
FUNCTIONS IS MORE CRUCIAL THAN EVER
To effectively use and benefit from climate services, health 
sector partners need appropriate data, computing and 
analytical capabilities, methods, tools and models, training, 
institutional architectures and appropriate governance, and 
funding for health research.

Exposure monitoring, assessment, early warning systems 
and basic diagnostics can support a range of health decision 
applications. For example, historic climate observations 
can support epidemiological trend and regression analysis 
to understand associations of climate and health, set risk 
thresholds and inform disease control plans.41 Weather 
monitoring and nowcasting products that deliver real-time 
weather conditions can guide emergency interventions, such 
as identifying flooded areas, potentially damaged health 
infrastructure or isolated communities, and can help in 
deciding on staff deployment or delivery of supplies. 

This integration of climate knowledge starts with robust 
research, is built upon integrated and robust data systems 
and multidisciplinary training, and co-produced diagnostic 
and decision tools, including climate-informed early warning 
systems.

Climate services tailored for other sectors, such as 
agriculture, water and energy, make important indirect 
contributions to public health by helping safeguard 
life-sustaining food, water and energy resources. Applied 
climate science is an integral part of public policy in the 
context of climate change, providing essential future climate 
projections to inform long-term planning and evidence-
based decision-making. Analysis of the potential health 
co-benefits of climate change adaptation and greenhouse 
gas (GHG) mitigation measures using climate sciences 
will support closer collaboration among health sector 
decision makers and those in other sectors. Expanding the 
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use of climate services in the health sector has significant 
potential, especially for protecting vulnerable locations and 
populations at higher risk of adverse health impacts from 
climatic hazards.

Multidisciplinary partnerships and systems-based 
approaches are the foundation of climate services. Technical 
tools and products have limited impact unless they are 
demand driven, co-produced, and directly tied to solving 
problems of decision makers and practitioners.

01 / ENSURE CLIMATE SERVICES ARE 
DEMAND DRIVEN AND FIT FOR PURPOSE

Respond to context-specific decision needs and 
provide tailored and actionable intelligence.  

07 / COMMUNICATE EFFECTIVELY 
ACROSS SECTORS

Use common terminology and enhance 
joint communication mechanisms.

06 / EXEMPLIFY VALUE-BASED 
PRACTICES

Promote ethical and inclusive 
climate services, communicate 
data limitations, and 
demonstrate the value of 
collaboration.

05 / ENSURE SERVICES ARE 
SCIENCE AND EVIDENCE 
DRIVEN

Establish robust processes that deliver 
reliable and evidence-based products 
and services.

04 / HARNESS TRANSDISCIPLINARY 
APPROACHES AND INFORMATION

Capture and harmonize information across 
sectors, timescales, and systems. 

03 / CO-PRODUCE INTEGRATED 
PRODUCTS AND SERVICES

Integrate diverse perspectives and 
build strong partnerships for active 
collaboration.

02 / TAKE ACCOUNT OF PARTNER 
CAPACITIES AND EXPECTATIONS

Build incremental capacity, 
enabling environments, and 
interventions appropriate to 
existing skills and feasibility. 

PRINCIPLES OF GOOD 
PRACTICE

Essential approaches for climate
informed health decision making

Figure 8. Principles of good practice for successful climate-informed health decision-making
Source: Shumake-Guillemot,J. ; von Borries, R.; Campbell-Lendrum, D. et al. Good Practices: Co-producing Integrated Climate, 
Environment and Health Services. PLOS Climate (in press).

ACCELERATING SUCCESSFUL PARTNERSHIPS WITH GOOD PRACTICES
Experience, gap analyses, expert opinion, evaluations and research findings on the application of climate science 
in the health sector all point to a convergent set of principles and approaches that can maximize practices and 
impact. Applied climate information products and services do not exist in isolation. This information joins a complex 
ecosystem of decision makers, localized challenges and contexts, diverse ranges of potentially useful information and 
misinformation, varied capacities and social considerations, all amidst a rapidly changing and dynamic climate risk 
context. These applied climate information products and services support evidence-based decision-making, enable 
proactive planning and contribute to the development of resilient health systems in the face of climate change.42 

Good practices can support health and meteorological actors to work together more effectively to understand, 
adapt and mitigate the impacts of climate change in the health sector. Seven essential approaches have been 
identified through practice, as outlined in Figure 8, starting with making sure climate services are fit for purpose 
and respond to health needs.
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services for health
There is huge potential for enhancing the benefits of climate science 
and climate services for people’s health and well-being.
The status of climate services for health is reviewed in 
three ways in the present report: by considering WHO 
and WMO monitoring data; by taking a deep dive into two 
thematic topics to see how climate information is used to 
manage the health risks of extreme heat and air quality; 
and finally, by considering commonalities and issues faced 
in a series of case studies exploring how climate services 
are being developed and used around the world to help 
support the health sector become more climate resilient 
and low carbon.

WMO monitors the capacity of NMHSs to provide both 
climate and weather service functionalities, according to 
defined technical criteria at “basic”, “essential”, “full” or 
“advanced” levels.43 Since 2018 there has been ongoing 
growth in capacity for climate services, with most NMHSs 
now providing services at an “essential” level (Figure 9). See 
Data and methods section for more details.

For climate services, only 11% and 20% of NMHSs provide 
climate services at a “full” and “advanced” level of capacity 
respectively, where co-production and product tailoring most 
often happen (Figure 9). This reflects a significant capacity 
gap to be filled in order to increase the service capacity of 
NMHSs.

Weather services play a vital role in protecting public health 
by providing timely and accurate information that allows 
communities and individuals to prepare for and respond 
to weather-related risks which occur on a less than 30-day 
timescale. Based on the available data, only 20% of NMHSs 
provide weather services at a “full/advanced” level, while 31% 
provide those services at a “basic/essential” level (Figure 10).

Regional Climate Centres (RCCs) play an important role 
in supplementing national capacity, providing regional 
scale analytics and forecasting. The 16 designated WMO 
RCCs44 and RCC-Networks provide health-relevant climate 
products and services, which can be used by NMHSs or 
directly by health partners. For example, the RCC-Caribbean 
and RCC-Beijing provide predictions of high-temperature 
days and RCC-Moscow provides sub-seasonal forecasts of 
the duration of cold and warm spells, and uses the Extreme 
Forecast Index to indicate the probability of the occurrence 
of heatwaves.

Figure 11 shows that most services provided are still 
not sector-tailored services. NMHSs’ self-reported level 
of service provision to the health sector is reported on a 
scale of 1–6, with 1 corresponding to “initial engagement” 
and 6 to “full engagement”, with socioeconomic benefits 
achieved and documented. The average score is 3.06 out 
of 6, corresponding to initial engagement and definition of 
needs (1–3), rather than provision of tailored products and 
services (4–6). From a regional perspective, the lowest levels 
of service for health are reported in Asia (2.3), Africa (2.7), 
and North and Central America and the Caribbean (2.7). 
This indicates that most relationships between government 
authorities for health and climate have nascent relationships 
and limited collaboration. 

However, 74% of NMHSs indicate that they provide data 
services for the health sector, which reflects that the entry 
point for collaboration is often in the form of data-related 
services for the purposes of risk assessment and research 
(Figure 11).
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Figure 9. Overview of generalized climate services capacities (not sector specific)45

Note: Percentages in the pie chart are based on the 193 WMO Members, with absolute number in parentheses. The information in 
Figure 9 represents 14 Members whose data has been validated by international certified auditors. They are Botswana, Jamaica, 
Argentina, Nepal, United Republic of Tanzania, Lao People’s Democratic Republic, Niue, Oman, Nigeria, Greece, Timor-Leste, Peru, 
Philippines and Croatia.

Figure 10. WMO Member weather services capacities calculated as a percentage of functions satisfied of NMHSs providing data, 
categorized as “less than basic” (0–33%), “basic/essential” (34–66%) and “full/advanced” categories (67–100%) of functions satisfied, 
respectively (not sector specific)
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Figure 11. Breakdown of the diverse range of climate services provided by NMHS to the health sector globally46

Note: Percentages are based on the 193 WMO Members, with absolute numbers in parentheses.

Where climate services are available, access to climate 
information at the right resolution, in the right format and 
of sufficient quality, often remains a barrier. Although 74% 
of NMHSs report providing data services to the health 
sector, data from WHO show that only 14% of Members 
have a formalized agreement between the Ministry of Health 
and the NMHS to enable data sharing and collaboration, 
which are key for the creation and functionality of decision-
making platforms, such as integrated climate and disease 
surveillance systems.47 

Access to appropriate and usable climatic information 
remains a key constraint for many health partners to develop 
climate-informed decision-making tools. Limited availability 
and access to local observations results in climate data 
being sought from sources other than NMHSs, particularly 
remotely sensed data or global reanalysis products, in order 
to fill gaps in local in situ observations. The capacity and 
climate literacy of health partners to appropriately identify, 
use and analyse climate information remains generally low. 

A dedicated web portal, www.climahealth.info, was launched 
jointly by WMO and WHO in 2022 to help improve climate 
literacy and accelerate access to relevant information for 
policymakers, practitioners, researchers, the media and 
students.

Available climate, weather, environmental science, and 
technology are currently underutilized in the way the health 
sector does business and makes programmatic and financial 
decisions.48 Three indicators are used to assess the use 
of climate information by national health authorities: the 
conduct of climate change and health vulnerability and 
adaptation assessments; the presence of health surveillance 
systems that use meteorological data; and the presence of 
climate-informed warning systems.49 

Firstly, many countries do not have the requisite information 
to plan effective health adaptation measures. The WHO 
survey of Ministries of Health in 2021 revealed that only 
48 out of 95 countries have completed a climate change 
and health vulnerability and adaptation assessment. The 
conduct of these assessments requires localized historical 
and future climate information provided through climate 
services. Only nine of these assessments strongly influenced 
resource allocation.50 

Secondly, health surveillance systems provide the analytical 
backbone to decision-making in the health sector, by 
providing observations and trends of disease incidence and 
health outcomes, as well as service delivery metrics. These 
data collection and analysis platforms play a critical role in 
early detection of health threats, monitoring the performance 
of health interventions, and informing public health policies, 
interventions and resource allocation. The seamless 
integration of climate information into these national data 
systems therefore serves as a core measurement of the use 
of climate information in the sector. 

Despite 74% of NMHSs providing climate data, the uptake by 
Ministries of Health of such data to be used in surveillance 
systems is limited. Based on data from WHO, only 23% 
of Ministries of Health have a health surveillance system 
that uses meteorological information (Figure 12). These 
findings indicate considerable potential for increasing the 
use of climate services for the health sector by strengthening 
collaboration, data sharing, and integrated climate and health 
surveillance systems. This is true for health surveillance 
systems in all climate-sensitive health risk areas analysed, 
based on data from WHO (Figure 13).
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Thirdly, based on data from WHO, only 2651 countries reported 
having climate-informed heat-health early warning systems 
(HHEWS) in place for heat-related illness, and 2452 countries 
reported having them in place for other extreme weather 
events. The data also show a strong income disparity: half 
of the very high Human Development Index (HDI) countries 
(n=26) had HHEWSs to monitor extreme weather events, 
compared with just 19% of low or medium HDI countries 
(n=31).53 These data suggest that low HDI countries are 
proportionally less prepared to address extreme weather, 
because they lack early warning systems (EWS). 

The status of these three indicators of “use” suggests that 
there is considerable potential for increasing the availability, 
access and use of climate information. Limitations in data 
availability and exchange policies, technology gaps, data 
quality, resolution and formatting, workforce skill and 
capacity, and collaboration all need to be addressed to 
enhance uptake. 
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Figure 12. (Left) Percentage of NMHSs self-reporting provision of climate services for the health sector. (Right) Percentage of 
Ministries of Health self-reporting a health surveillance system that includes meteorological (“met”) information. 
Note: WHO data have been restructured to fit WMO regional classification. Percentages in Figure 12 are based on the 193 NMHSs, 
with absolute numbers in parentheses.
Source: (Left) WMO Climate Services Checklist data; (Right) World Health Organization (WHO). 2021 WHO Health and Climate Change 
Global Survey Report. WHO: Geneva, 2021. https://www.who.int/publications/i/item/9789240038509.

It is clear from these data, that cooperation and coordination 
among the health and climate communities needs to be 
catalysed and cultivated in order to enhance the co-production 
of health-relevant climate science and services.54 As a 
mechanism to encourage collaboration, WMO has requested 
NMHSs to nominate focal points as the first point of contact 
with the health sector. To date, NMHSs in 66 Members have 
designated focal points. However, very few of these focal 
points have training in health analytics or in how to support 
health-specific projects.

Case studies and the peer-reviewed literature also report that 
collaboration between the health and meteorological sectors 
for risk management decisions is limited,55 that interpretation 
can be compromised without meteorological experts, and 
that this poses an impediment to policy and actions to protect 
health from climate risks.

Furthermore, to promote the upscaling of climate services 
for health, a focus on improving the underlying systems for 
science-based decision-making and the enabling environment 
through policy and governance enhancements is needed.56 
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Figure 13. Detailed breakdown of the percentages of Ministries of Health reporting a health surveillance system for climate-sensitive 
health risks, which includes or excludes meteorological information
Note: Percentages in Figure 13 are based on the 193 NMHSs, with absolute numbers in parentheses.
Source: Based on data collected by WMO in 2022 and World Health Organization (WHO). 2021 WHO Health and Climate Change Global 
Survey Report. WHO: Geneva, 2021. https://www.who.int/publications/i/item/9789240038509.
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Barriers to co-producing and implementing climate services for health
The combination of information collected from the surveys 
and case studies reveals a range of common barriers to 
co-producing and implementing climate services for health, 
which need to be addressed to see progress in this field. 
These include barriers to collaboration and accessing data, 
insufficient human and institutional capacity, lack of uptake 
and application of information and services, research and 
knowledge gaps, availability and access to sufficient data, 
predictions and modelling products, financial sustainability, 
sufficient understanding and risk communication. 

In particular:

1. The terms “Climate-informed decision tools” and 
“climate services” are used interchangeably by the 
health community. What are often referred to as a 
“climate services” are actually the partnerships and 
techniques used to enhance existing health sector deci-
sion tools and processes (for example, epidemiological 
studies, risk assessment, monitoring and surveillance, 
early warning and detection, public risk communica-
tions and emergency response planning) with informa-
tion about the climate exposure at different timescales. 

2. To the health community, weather and climate infor-
mation are considered the same type of “exposure”, 
expressed as a continuum. The strong distinction 
between climate and weather is not perceived by the 
health community, and the division made by the mete-
orological community is seen as a barrier to data and 
understanding. Appropriate epidemiological analysis 
requires risk assessment and planning across times-
cales, building on robust historical climatological 
records.

3. Climate services are co-developed by a broad range of 
partners and actors. Rarely are NMHSs the principal 
“providers of climate services”, but rather play a role 
on a team to provide data, analysis and interpretation, 
computing capacity and subject matter expertise. The 
language of “users and providers” is in fact seen as a 
barrier to co-production and collaboration. Universities 
play a strong role in providing the research and analyt-
ical requirements needed to develop and test robust 
climate-informed health analytics and tools, which are 
often beyond the remit or capabilities of government 
authorities. 

4. Multisectoral collaboration and transdisciplinary 
research is key for climate services because a mecha-
nistic understanding of how climatic conditions impact 
health outcomes is necessary to develop tailored 
climate products and services, including a sound under-
standing of disease transmission and ecology, and 
human behaviour. Research and operational services 
cannot be divided, and seamless systems are needed to 
address health risks.

5. Health risks and impacts are dynamic, multidimen-
sional and hyperlocal, so the spatial scale of informa-
tion services is a paramount consideration. Many case 
studies are at the urban scale where populations are 
most heavily concentrated, and yet climate exposure 
information often does not match this resolution. 

6. Very few NMHSs, regional climate centres, and regional 
specialized meteorological centres have dedicated 
capacity, training programmes and human resources 
to work with the health sector at a level to support 
climate and weather-related research and co-produce 
tailored products and services. Finding climate experts 
to collaborate with health partners on projects and 
research remains a challenge. 

7. Access to sufficient local meteorological observations 
is a frequent limitation. The use of remote-sensing 
information is commonly sought to fill this data gap 
or access limitation, as well as provide a larger-scale 
perspective sometimes needed to understand patterns 
of disease transmission or environmental risk. However, 
remote-sensing data introduces additional limitations 
and capacity requirements.

8. Capacity challenges are fundamental and frequent 
because training of meteorologists and health profes-
sionals, including epidemiologists, in similar mental 
models, frameworks and techniques is rare. Staff and 
technicians with sufficient training to develop tailored 
climate information products and services are extremely 
limited in low- and middle-income countries (LMICs).

9. Collaboration is not always formalized through Memo-
randums of Understanding, working groups, staff 
exchanges and joint activities (for example, joint risk 
assessments, planning, exercises, operations, training 
and reviews) that help build capacity, relationships, 
common understanding and a more conducive partner-
ship and enabling environment. 

10. The demand for climate-informed health analytics 
and services underestimates the long-term invest-
ments needed to build robust and responsive decision 
support systems, integrated with, and responding to, 
policy and programmatic needs. Many case studies 
focus on building integrated surveillance systems, 
demonstrating that integrated climate and health data 
collection and processing systems are foundational to 
sustainable climate services for health.

11. Climate services are most often developed as analyt-
ical tools for decision makers, such as policy analysts 
or programme managers. Health workers across health 
systems, particularly at the local, operational levels, 
require climate information to assess, plan and deliver 
health services tailored to the local climate and public 
health risk contexts. Public-facing risk advisories or 
warnings can be derived but often take years to develop, 
prototype, quality control and refine for dissemination 
in a way that meets public risk communication stand-
ards and good practice.

12. Communicating climate risk to different target audiences 
is just as important as tailoring the information to their 
needs. This is particularly true between researchers and 
decision makers.

13. Systems for monitoring and evaluating the availa-
bility, access and use of climate science and services 
are almost non-existent. Very few case studies discuss 
evaluation of the products and services. However, 
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determining usefulness, uptake and precision of climate 
services is critical for building trust, confidence and 
mainstreaming this knowledge into decision-making.

A theory of change and next steps to address these challenges 
have been proposed in the WHO-WMO Implementation Plan 
for Integrated Climate and Health Science and Services57 and 
highlighted in The way forward section.

Focus: Extreme heat 
Extreme heat causes the greatest mortality of all extreme 
weather, yet heat warning services are provided to health 
decision makers in only half of the affected countries. 
Extreme heat services are expected to rapidly increase 
by 2027 under the United Nations Early Warnings for All 
initiative.

Deadly heatwaves and extreme heat affect all inhabited 
world regions. Half of the world’s population has experienced 
record maximum temperatures in the last decade.58 In 2022, 
the sixth warmest year on record for the Earth’s surface, 
approximately 380 million people experienced their hottest 
single hourly temperature ever recorded.59 July 2023, was 
the Earth’s hottest month on record at the time of writing 
the present report.

For a large part of Europe, 2022 was the warmest year on 
record, with unseasonably high temperatures recorded 
throughout the year affecting much of the continent. The hot 
daytime and night-time extremes experienced in late spring 
and summer resulted in conditions that were hazardous 
for human health. Southern Europe experienced a record 
number of days with “very strong heat stress” during 
summer, consistent with an upward trend in the number 
of days with “strong” or “very strong heat stress” across 
Europe and a decreasing trend in the number of days with 
no heat stress.60,61 These extreme heat conditions during the 
summer of 2022 have been estimated to have claimed over 
60 000 excess deaths in 35 European countries.62 

Over recent decades, singular and extended extreme 
heatwave events have resulted in a large number of 
casualties. The 2003 heatwave in western Europe resulted 
in the deaths of over 70 000 people. Other notable deadly 
events occurred in 2010 in the Russian Federation, in 2015 
in India, in 2019–2020 in Australia, in 2021 in North America 
and in 2022 in China. While these mega-events take a large 
number of lives, cumulatively most heat-related deaths 
and injuries occur during the more frequent, less intense 
heatwaves which affect people due to occupational exposure, 
health impairment or age-related vulnerabilities. In 2023, Asia 
experienced record temperatures in Thailand, Myanmar, Lao 
People’s Democratic Republic, Viet Nam, China, and south 
Asia.63 The human toll of extreme heat is far higher than often 
reported, as insufficient reporting restricts the capacity to 
produce accurate mortality estimates at national and global 
levels, particularly in tropical and subtropical countries which 
experience chronic heat, as well as extremes. 

Globally, the impact of extreme heat and heatwaves is 
heavily underestimated, with mortality potentially 30 times 
higher than previously suggested. Between 2000 and 2019, 
estimated deaths due to heat were approximately 489 000 
per year, with a particularly high burden in Asia (45%) and 
Europe (36%).64 

Heatwaves are among the most dangerous of natural 
hazards, but rarely receive adequate attention because 
heat attributable deaths and damages are not always 
immediately obvious. This is because registering of heat 
hazards is inconsistent, chronic heat exposure is deadly, 
official government heat impact monitoring and health 
surveillance systems are nascent, and even where available, 
data are often analysed, validated and reported on months 
after a heat season. These factors result in the immediate 
impacts of heat on human health being underappreciated 
and the perception of heat risks understated. 

Climate change attribution studies play an important role in 
identifying when and how climate change is exacerbating 
extreme heat. Studies show that climate change exacerbated 
the severity of the 2003 European heatwave by increasing 
the risk of heat-related mortality in Paris by 70%,65 where 
it is estimated that more than nine years of life were lost 
on average. More recently, studies estimated that climate 
change made the June 2021 heatwaves on the Pacific coast 
of the United States of America and Canada at least 150 times 
more likely.66 In 2023, extreme heatwaves impacted several 
parts of the northern hemisphere, including Mexico and the 
south-west of the USA, southern Europe and China.67 Studies 
show that without human-induced climate change, these heat 
events would have been extremely rare. In China, the heat of 
2023 would have been about a 1 in 250-year event, while the 
occurrence of the maximum heat levels experienced in the 
USA/Mexico region and southern Europe would have been 
virtually impossible without human-induced climate change.

Research on extreme heat is important for understanding 
how extreme heat is triggering cascading impacts on fire, 
drought, storms, water resources, food insecurity and 
infrastructure, which affect multiple sectors or regions 
at once and can amplify the scale of other hazards.68 For 
example, in India, concurrent heatwaves and droughts in 
2002 and 2009 negatively impacted the agriculture, health 
and economic sectors and caused terrestrial water storage 
losses and electricity shortages.69 

According to the IPCC, there is “high confidence” that Central 
and South America, southern Europe, southern and South-
east Asia and Africa will be the most affected by climate 
change in terms of heat-related mortality by 2100, based on 
1.5 °C, 2 °C and 3 °C increases in the global temperature.70 

The IPCC also notes with “very high confidence” that 
significant impacts of heat are expected from the combination 
of future urban development and the more frequent 
occurrence of heatwaves, with more hot days and warm 
nights adding to heat stress in cities. Impact assessments 
and adaptation plans in cities require high spatial resolution 
climate projections along with models that represent urban 
processes, ensemble dynamical and statistical downscaling, 
and local-impact models.71 
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STATUS OF EXTREME HEAT SERVICES 
In order to understand, monitor, predict and prepare for a 
warming world, the following are all critical: climatological 
records; hazard registration; seasonal, sub-seasonal and 
weather forecasts; research on the changing characteristics 
and dynamics of extreme heat; urban heat modelling; climate 
change attribution studies; vulnerability and impact research; 
and operational early warnings and impact advisories. 

The IPCC states, with “high confidence”, that Heat Action 
Plans and Heat Health Warning Systems (HHWS) represent 
key adaptation options to extreme heat.72 

These interventions play a critical role in mitigating the health 
risks associated with extreme heat. While heat warning 
systems provide alerts when adverse temperatures are likely 
to impact on the health and well-being of the population, 
HHWSs go one step further in providing tailored decision 
support information. Heat health warnings are impact-based 
warnings underpinned by thresholds and other decision 
tools co-developed jointly by meteorologists and public 
health officials (such as epidemiologists, community 
health specialists, environmental health specialists and 
risk communicators). These warning systems alert decision 
makers to cumulative excess heat that presents significant 
risk to human health. Decision makers characterize the 
impact of extreme heat in their heat action plans through 
the combination of forecast heat intensity, known exposures, 
risk communication strategy and targeted interventions. 
These tools save lives, raise public awareness, enhance 
preparedness and improve response capabilities throughout 
the heat season. 

Nevertheless, only 54% of NMHSs (104) have extreme heat 
warnings.73 These NMHSs monitor, forecast and warn for 
extreme temperatures (78), provide thermal human heat 
budget information (9) and monitor, forecast and warn for 
heatwave intensity (2). In response to this rapidly emerging 
hazard, WMO recognizes the need for rapid development 
of extreme heat climate, monitoring, forecast and warning 
services, noting the valuable role NMHSs play in the provision 
of authoritative extreme heat services and warnings. 
Development of heatwave intensity climatologies and 
attribution studies are noted as key initiatives to support 
hazard awareness and impact-based services and warnings. 

The applicability and feasibility of extreme heat warning 
systems varies across regions. As shown in Figure 14, current 
models for some areas of the world are skilful and can be 
used for early extreme heat warnings at both the short-term 
and seasonal scale (black), whereas other areas have either 
short-term skill (red) or seasonal skill (green). 

WMO and its Members are taking steps to address these 
gaps and accelerate technical capabilities for extreme heat.74 
The diversity in existing extreme heat warning systems 
demonstrates a lack of consistent heatwave terminology and 
definitions, and varying levels of capacity for monitoring, 
research, prediction and services. In this regard, WMO is 
renewing Heatwaves and Health: Guidance on Warning-
System Development (WMO-No. 1142),75 and developing new 
resources, such as a Handbook of Extreme Heat Indicators 
and Indices, and training opportunities. These resources will 

develop an understanding of how extreme temperature, heat 
stress and heatwave intensity services provide benefits to 
local heat action plans. Such resources will also help promote 
harmonized good practices for the development of extreme 
heat impact-based forecast and warning services and for 
improved multidisciplinary dialogue and collaboration.

INVESTMENTS TO ADDRESS 
KNOWLEDGE GAPS: EXTREME HEAT 
AND MATERNAL AND CHILD HEALTH 
AND NUTRITION76 
Major knowledge gaps exist regarding the impact 
of climate and extreme heat on health outcomes, 
as well as adaptation effectiveness. For example, 
there is a particularly large knowledge gap on the 
impact of chronic and extreme heat exposure on 
women and children in LMICs, because most of the 
existing research has been conducted in high-in-
come, temperate countries, and often in relation 
to men of working age. This fundamental research 
into the impacts of extreme heat and the effective-
ness of adaptation requires climate information 
services, and is a necessary basis for establishing 
thresholds of impact, monitoring and prediction. 
Further evidence on the effectiveness of adaptation 
interventions under a diverse range of climate- and 
location-specific scenarios is also urgently needed 
in order to inform protective policies and measures.

SOME PRIORITY RESEARCH TOPICS 
INCLUDE:
• Examination of the effects of chronic heat stress 

in LMICs, especially in vulnerable/underserved 
communities;

• Better understanding of the mechanistic relationships 
of multiple stressors and risk factors that could 
exacerbate the effects of heat stress, including prior 
undernutrition, food insecurity, indoor air quality 
and exposures;

• Streamlining and standardization of current use of 
impact indicators, especially for heat stress, effects 
on mental health and non-communicable diseases, 
and maternal and child health and nutrition;

• Document and study of the gender dimensions of 
climate risks and adverse outcomes, including effects 
across the lifespan of women (from childhood, 
through adolescence and pregnancy, to old age); 

• Study of the effect of heat stress (and multipliers) on 
adverse pregnancy outcomes such as poor maternal 
health, perinatal mortality and small, vulnerable 
newborns;

• Design of early warning systems for extreme heat 
events in LMICs, specifically tailored to the needs 
of pregnant women and young children.

Extensive reviews of research needs in this area have 
been carried out.77
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Figure 14. Modes of heatwave preparation. Black areas offer both skilful short-term and seasonality of heatwaves in either the NOAA 
or ECMWF models. Green areas are regions where only seasonality could be used for preparation. Red areas are regions where only 
skilful short-term forecasts can be used for preparation.

Note: NOAA = National Oceanic and Atmospheric Administration; ECMWF = European Centre for Medium-Range Weather Forecasts
Source: Coughlan de Perez, E.; van Aalst, M.; Bischiniotis, K. et al. Global Predictability of Temperature Extremes. Environmental 
Research Letters 2018, 13 (5). DOI 10.1088/1748-9326/aab94a. 
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Focus: Air quality 
Air quality, the fourth biggest killer by health risk factor, 
is closely interlinked with climate. Despite this, only 2% 
of climate finance commitments made by international 
development funders in developing and emerging countries 
explicitly aimed to tackle outdoor air pollution (in 2015–2021).78 

Poor air quality is responsible for almost seven million 
premature deaths annually and a major health issue in all 
countries. Air pollution is the most dangerous environmental 
threat to human health, alongside climate change.79,80 
Emissions of pollutants into the air can result in changes to the 
climate. These pollutants, including greenhouse gases, are 
often referred to as climate forcers. Ozone in the atmosphere 
warms the climate, while different components of particulate 
matter (PM) can have either warming or cooling effects 
on the climate. For example, black carbon, a particulate 
pollutant from combustion, contributes to the warming of the 
Earth, while particulate sulfates cool the Earth’s atmosphere. 
Changes in climate can result in impacts to local air quality. 
Atmospheric warming associated with climate change has 
the potential to increase ground-level ozone in many regions, 
which may present challenges for compliance with the ozone 
standards in the future. The impact of climate change on 
other air pollutants, such as particulate matter secondary 
production, is less certain, but research is underway to 
address these uncertainties. Furthermore, the increase of 
droughts connected with climate change can: amplify the 
occurrence of wildfires and sand and dust storms; advance 
the blooming of certain plants (associated with pollen); and 
amplify pollution by deteriorating the air quality.

Many of the drivers of air pollution, including the combustion 
of fossil fuels, contribute to overall greenhouse gas emissions. 
Actions and policies to improve air quality offer a win-win 
strategy for both climate and health, reducing the burden 
on health-care systems while contributing to the mitigation 
of climate change.

For example, phasing out fossil fuels can reduce the health 
risks associated with small particulate matter air pollution 
(PM2.5) derived from fossil fuel combustion, which in 2020 
was responsible for 1.2 million deaths.81 Transitioning to 
clean public transport and active travel modes can help 
reduce road travel-derived air pollution (responsible for 
497 000 deaths in 2020), and lead to increased physical 
activity and reduced burden of non-communicable disease. 
Sustainable, efficient and low-carbon food systems can 
reduce agricultural emissions, which contribute to about 
one third of global greenhouse gas emissions, 55% of which 
come from red meat and milk production. 

In 2019, air pollution moved up from the fifth to the 
fourth place in the scale of leading risk factors for death 
globally, continuing to exceed the impacts of other widely 
recognized risk factors for chronic disease such as obesity 
and malnutrition.

Wildfires are increasing around the globe in frequency, 
severity and duration, contributing to poor air quality and 
heightening the need to understand the health effects of 
wildfire exposure. The risk of wildfires grows in extremely 
dry conditions (such as drought), heatwaves and during 
periods of high wind. With climate change leading to warmer 
temperatures and drier conditions in some places, and the 
increasing urbanization of rural areas, the fire season is 
starting earlier and ending later. Wildfire events are becoming 
more extreme in terms of acres burned, duration and intensity, 
and they can disrupt transportation, communications, water 
supply, and power and gas services. Wildfire smoke is a 
mixture of hazardous air pollutants, such PM2.5, NO2, ozone, 
aromatic hydrocarbons or lead. In addition to contaminating 
the air with toxic pollutants, wildfires also simultaneously 
impact the climate by releasing large quantities of carbon 
dioxide and other greenhouse gases into the atmosphere. 
The health impacts of wildfire smoke are noticed in both 
developed and developing countries, with several hotspots 
of wildfires occurrence in LMICs.82 As a result, exposure to 
wildfire can further amplify health inequality.

Children are vulnerable to adverse health impacts from air 
pollution and extreme weather events brought about by 
climate change. Preventing adverse environmental exposure 
during the early life stages (for example, the prenatal stage) 
is critical to reduce the relevant burden of child mortality. 
Improving child health is a key target of Sustainable 
Development Goal (SDG) No. 3 (Ensure healthy lives and 
promote well-being for all at all ages). Therefore, quantifying 
the burden of child mortality and relevant adverse outcomes 
(such as stillbirths) attributable to air pollution and extreme 
weather can be useful to measure contribution from the 
delivery and uptake of climate services to SDG No. 3.

Strengthening and attaining global and national air quality 
standards can improve health benefits by reducing air 
pollution exposure. Mitigating climate change will have 
co-benefits in terms of air quality improvement and health. 
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STATUS OF AIR QUALITY MONITORING AND WARNING 
Poor air quality affects populations in developing and developed countries without exception. However, the techno-
logical divide between developed and developing countries is evident, as the most robust monitoring and warning 
systems are in the USA, Canada and Europe. There are several cases of successful systems in Asia (China, Republic 
of Korea, Japan and Thailand), a few in Latin America (Argentina, Brazil and Mexico City), Australia and only one 
in Africa (Cape Town, South Africa).83 Brazil’s case stands out due to its exceptional fire monitoring system, devel-
oped by the Brazilian Space Research Institute (INPE).84 However, it is important to acknowledge that the air quality 
monitoring system in Brazil has poor spatial coverage.85 

Most of the existing systems focus on real-time air quality monitoring by collecting and analysing pollutant 
concentration measurements from ground stations. In regions with limited ground-level air quality observations, 
such as Africa, remotely sensed data are providing important information on local air quality conditions. Satellite 
observation is extremely useful for tropospheric ozone monitoring, which is done by the National Aeronautics 
and Space Administration (NASA), the European Space Agency (ESA), the European Organisation for the Exploita-
tion of Meteorological Satellites (EUMETSAT) and the Japan Meteorological Agency (JMA), providing atmospheric 
composition information. 

Air quality information is communicated mainly through web services. For example, the United States Environ-
mental Protection Agency (EPA) provides an email alert service (EPA AIRNow) which is only available in the USA, 
and the Ministry of Environment, Conservation and Parks of Ontario, Canada, also provides email alerts. The EPA 
AIRNow notification service provides air quality information in real time to subscribers via email, mobile telephone 
or pager, allowing them to take steps to protect their health in critical situations. However, while satellites can 
quantify the integrated column of ozone from the surface to the tropopause, or even in the lowest 2–3 km of the 
atmosphere, they have almost no sensitivity to ozone at the surface where humans breathe. Therefore, satellites 
are not useful for estimating human exposure to ozone. The new Tropospheric Emissions: Monitoring of Pollution 
(TEMPO) instrument, onboard a geostationary satellite, is now operational, and it is expected to quantify ozone 
in the lowest 1–2 km of the atmosphere multiple times per day across North America (but again, its sensitivity at 
the surface will be limited). The TEMPO data will need to be ingested by air quality models to estimate the surface 
ozone concentrations.

The WMO Global Atmosphere Watch (GAW) programme focuses on building a single coordinated global under-
standing of atmospheric composition and air quality and its change. It also helps to improve the understanding 
of interactions between the atmosphere, the oceans and the biosphere. The GAW programme coordinates 
high-quality atmospheric composition observations across global to local scales to drive and impact high-quality 
science, while co-producing a new generation of research-enabled products and services. At present, GAW is 
coordinating researchers, data providers and final users for the implementation of services for air quality86 and 
atmospheric composition (such as greenhouse gases, wildfires87 and sand and dust storms).88 

There is a growing ambition across many cities to reduce their greenhouse gas emissions. Since most anthropo-
genic emissions originate in urban areas, this is a key component of national and international mitigation efforts. 
Currently, cities rely on inventory-based methods to evaluate their emissions, typically estimating total city-wide 
CO2 emissions for each source sector on an annual basis. While there is no compulsion to use specific methodolo-
gies, most cities follow a general set of guidelines to create city-wide inventories.89 However, as efforts to mitigate 
emissions expand, the need for more detailed, timely emissions information at sub-national scales is growing. The 
WMO Integrated Global Greenhouse Gases Information System (IG3IS)90 IG3IS Urban Greenhouse Gas Emission 
Observation and Monitoring Good Research Practice Guidelines detail the solutions available, categorizing them 
by three tiers of increasing sophistication: urban inventory and flux models, direct observational methods and data 
assimilation systems.91 The possibility of applying these solutions and GHG monitoring infrastructure to provide 
air quality services opens new opportunities and will need to be further explored.
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COPERNICUS ATMOSPHERE MONITORING SERVICE 
Air quality is not only a local problem. It has very local aspects (for example, immediate proximity of a pollution 
source like an incinerator, petrol station or very busy road) but pollution is also transported from one location to 
another by wind patterns in the atmosphere. Observations, both from satellites and from the ground, can provide a 
snapshot of the air quality, but have no real predictive capability. The Copernicus Atmosphere Monitoring Service 
(CAMS) combines state-of-the-art computer models of the atmosphere, like the ones used for daily weather 
forecasts, with satellite and non-satellite observations, providing daily forecasts of the composition of the air 
worldwide. 

CAMS provides operational daily analyses and forecasts of worldwide long-range transport of atmospheric pollut-
ants (as well as the background air quality for the European domain) (Figure 15). These forecasts can be used as 
they are, but they also serve as input to a wide range of downstream services, such as national air quality forecasts, 
smartphone applications and policy tools. CAMS information on worldwide pollution and European air quality 
reaches over 200 million users.

Policymakers and authorities can decide to temporarily limit source pollutants to reduce the severity of an 
upcoming pollution event (for example, with mandatory factory closures or traffic restrictions). Individuals can 
voluntarily reduce their own emissions (for example, by using public transport) and reduce their personal exposure 
(for example, by avoiding exercising outside, or wearing masks).

To have a better overview of the quality of the air around us, CAMS provides hourly data on a global scale and, 
with higher spatial resolution over Europe, for the main regulated pollutants, including ozone (O3), nitrogen dioxide 
(NO2), sulfur dioxide (SO2), carbon monoxide (CO) and fine particulate matter (PM2.5 and PM10). CAMS also provides 
data on pollen and UV index, which are also of prime importance for health, and monitors sand and dust and smoke 
plumes.

While using model-derived outputs, such as the CAMS database, holds value, it cannot replace the necessity 
for direct, physical surface air quality measurements. Integrating modelled products and surface measurements 
ensures the most robust air quality assessments and informed policy decisions.

Figure 15. Carbon monoxide (CO) is a pollutant in the atmosphere produced by the burning of fossil fuels as well as wildfires and 
biomass burning. It has an average lifetime of several months and therefore clearly demonstrates long-range transport. The CAMS 
daily forecasts show how CO is distributed around the globe and how plumes from, for instance, wildfires are transported across 
continents by the prevailing winds.92 

32



Ph
ot

o:
 T

ow
fiq

u-
ba

rb
hu

iy
a-

jo
qW

S
I9

u

Investment
Insufficient investment in climate services leaves the health 
sector unprepared to protect the most vulnerable. Currently, 
just 0.2% of total bilateral and multilateral adaptation 
finance supports health-focused projects,93 and a far lower 
proportion is dedicated to creating decision support systems 
to support these projects and policies. 

Total global climate finance flows have steadily increased 
in the past decade, at a compound annual growth rate 
(CAGR) of 7%. In 2020, climate finance reached a record high 
USD 665 billion, driven primarily by investment growth in the 
renewable energy and transport sectors. Based on currently 
available information, preliminary estimates by Climate Policy 
Initiative suggest that 2021 climate finance flows amount to 
at least USD 850 billion (Figure 16).94,95 

Figure 16. Global climate finance in 2011–2021 (USD billion, nominal)

Despite this positive trend, a rapid and sustained increase 
in climate finance and redirection of high-carbon finance 
is required to secure a climate-resilient, net zero future. It 
is estimated that at least USD 4.3 trillion in annual finance 
flows (a 20% year-on-year increase) will be needed by 2030 
to avoid the worst impacts of climate change.96 

While global finance for climate change mitigation is 
substantial, with an annual average of USD 571 billion in 
2019/2020, finance specifically for adaptation is significantly 
lower, at USD 46 billion,97 and most of this is directed towards 
the sectors of water management, agriculture and disaster 
risk management.98,99 

Additional studies show that only 0.2% of the total bilateral 
and multilateral climate adaptation funding in 2009–2019 
helped to fund projects specifically focused on health (or 
0.5%, if only multilateral climate funding is considered). One 
study100 finds that just under 5% of total climate adaptation 
funding is committed to health projects101.

The 2021 WHO Health and Climate Change Survey Report 
documents that lack of access to finance is the most commonly 
reported constraint by countries in implementing their health 
adaptation plans for climate change.102 

The limited attention and funding for health in climate change 
adaptation can be attributed to various factors. Health 
ministries face barriers in accessing climate finance, such as a 
lack of information and capacity to engage in climate change 
processes, which are often led by other ministries. Other 
barriers include challenges related to defining climate- and 
health-related outcomes, limited climate funding targeted at 
health system strengthening activities, lack of accreditation 
of health sector organizations in climate finance institutions, 
and deficient involvement of health stakeholders in climate 
finance and climate policy processes at the national and 
international level. LMICs face additional challenges due to 
insufficient domestic budgets in the health sector.103 

To date, very few traditional health donors have encouraged 
or supported investments in interdisciplinary data systems 
and analytics, which would lead to applied climate science 
and services for health. This is in part because health 
financing often does not consider climate-related risks, or 
the climate data, research and services required to safeguard 
health infrastructure, services and interventions, pointing to 
the need to ensure that there is investment at the interface 
of health financing and climate and disaster risk reduction. 
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INVESTMENTS TO PROTECT SAFE AND HEALTHY AIR QUALITY ALSO PROTECT THE 
CLIMATE
Investments to improve air quality bring enormous benefits to human health, economic development, social justice 
and climate mitigation and adaptation goals. Since the sources of air pollution and climate change overlap substan-
tially, joint action on air pollution and climate change can deliver more cost-effective, faster and fairer results with 
the same resources.

Between 2015 and 2021, international development funders104 committed USD 11.6 billion to projects which simul-
taneously and explicitly aim to tackle outdoor air pollution and mitigate climate change. During the most recent 
five years for which data is available (2017–2021), almost all of this funding (95%) went to climate change mitigation 
projects, while adaptation and dual benefits projects105 only attracted a total of USD 483 million (Figure 17). Trans-
port and energy sector projects attracted the majority of funding, reflecting the positive impact interventions in 
these sectors can have on both improved outdoor air quality and climate change mitigation.

During the period 2015–2021, USD 5.4 billion went to transport-sector projects, mainly for the development of rail 
and public transportation systems which have a clear and immediate benefit in terms of outdoor air quality improve-
ments in urban contexts. Energy projects – mainly for renewable power and heat generation plants replacing fossil 
fuels alternatives – attracted USD 2.9 billion over the same period.

= 1%

95%

Adaptation Multi-sector air pollution control programs

Energy

Residental sector/buildings + Waste (<1%)

Multiple objectives

Mitigation Transport

Figure 17. Proportion of outdoor air quality and climate funding by climate objective (left) and sector (right), 2017–2021 
Source: Clean Air Fund (CAF) and Climate Policy Initiative (CPI). The State of Global Air Quality Funding 2023. https://www.
climatepolicyinitiative.org/publication/the-state-of-global-air-quality-funding-2023/.
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Over the period 2015–2021, only 2% of climate finance 
commitments made by international development funders 
in developing and emerging countries explicitly aimed 
at tackling outdoor air pollution. In other words, 98% of 
international public climate finance flows had no explicit 
outdoor air quality objectives, despite the clear links between 
improving air quality and climate action.

According to a recent study by Clean Air Fund and 
Climate Policy Initiative,106 there is an under-reporting and 
underappreciation of the positive impact of climate finance 
on improving outdoor air quality and health benefits. In 

addition to the USD 11.6 billion committed during 2015–2021 
by international development funders to explicitly tackle 
air pollution and climate change, another USD 66.6 billion 
invested in climate mitigation and adaptation projects also 
resulted in outdoor air quality co-benefits, even though 
outdoor air quality was not explicitly recognized as a funding 
objective.

By accounting for the health and development benefits gained 
from improved air quality in their climate finance strategy, 
funders can considerably increase the impact of their capital 
and reap multiple key benefits at once.

FINANCING THE HEALTH COMMITMENTS ON CLIMATE-RESILIENT AND LOW-CARBON 
HEALTH SYSTEMS
The WHO-led ATACH Working Group on Financing the Health Commitments on Climate Resilient and Low Carbon 
Health Systems (FIN-WG)107 brings together diverse global stakeholders. This includes both health and climate 
financing mechanisms, as well as the donor community, to set targets and plans to maximize investments in health 
by applying a climate lens and integrating climate resilience and sustainability in health financing to ensure avail-
able funds are used as efficiently and equitably as possible.

The FIN-WG aims to contribute to the attainment of the overall mission of ATACH, namely “to realize the ambition set 
at COP26 to build climate resilient and sustainable health systems”,108 using the collective power of WHO Members 
and key stakeholders to identify opportunities and tackle existing barriers to accessing sustainable finance and 
resource mobilization, and support scaling-up of investments in climate and health. Resource mobilization refers 
to both funding and technical assistance that may be required by countries to be able to develop the plans and 
assessments included in their commitments. Financing will also be needed for countries to implement those plans. 

Among the key tasks of the working group is to set a common framework of understanding in regard to climate and 
health investments and financing, which allows for a meaningful coordination and improvement of both the needs 
and opportunities for enhancing finance for climate-health. 

Figure 18 shows the areas of investment centred around the domain of climate-health solutions based on countries’ 
articulated needs and defined by WHO.109 

Figure 18. WHO framework for types of climate-health interventions
Source: World Health Organization (WHO). WHO Country Support on Climate Change and Health - Visual Guide; 2021.
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SNAPSHOT: CLIMATE ADAPTATION AND 
RESEARCH INVESTMENTS MADE BY PARTNERS
Climate finance investments in health sector adaptation have 
been slower and more limited than other sectors. However, 
this trend is shifting. Investment examples include:110 

AGENCE FRANÇAISE DE DÉVELOPPEMENT
The Agence Française de Développement (AFD) has 
invested over USD 184 million (170 million Euros (EUR)) in 
31 projects to strengthen hydrometeorology and climate 
services in the most vulnerable countries in the world. The 
most significant amount of funding flows toward Africa, 
where USD 139 million (EUR 128 million) is being invested in 
hydrometeorological activities, followed by South-east Asia, 
where USD 46.5 million (EUR 43 million) has been invested. 
A sum of USD 20.5 million (EUR 19 million) has also been 
invested in projects to address health-related issues and 
promote overall health sector resilience to climate change.

CLIMATE RISK AND EARLY WARNING SYSTEMS
The Climate Risk and Early Warning Systems (CREWS) 
portfolio111 includes eight regional and ten country projects, 
of which a total of USD 68 million has been invested to 
strengthen climate services and early warning information 
systems in 73 LDCs and SIDS. Africa dominates the portfolio 
with a total of USD 44 million, followed by Asia and the Pacific 
(USD 16 million) and the Caribbean (USD 8 million).

GREEN CLIMATE FUND 
The Green Climate Fund (GCF) has invested USD 414.6 million 
in ten projects to strengthen hydrometeorology and climate 
services, with activities that have focused on health in the most 
vulnerable countries in the world. Among these investments, 
the most significant amount of funds flows toward the 
South-west Pacific, where approximately USD 53 million is 
being invested in hydrometeorological activities, followed 
by Africa, where approximately USD 14 million has been 
invested. In addition, more than USD 100 million is estimated 
to have been invested in these projects to address health-
related issues and to promote overall health sector resilience 
to climate change. 

In Antigua and Barbuda, GCF has approved a project that 
is currently under implementation to increase the climate 
resilience of 54 key public buildings (which represents one 
third of the country’s total number of public buildings) and to 
create new shelters and bunkers for disaster preparedness 
and management. This is combined with strengthening the 
capacity of Antigua and Barbuda Meteorological Services to 
produce early warnings by delivering training workshops on 
how to collect, process and manage climate data generated 
by servers, and use it to develop early warning information 
products, including easily interpretable infographics.

GLOBAL ENVIRONMENTAL FACILITY
The Global Environmental Facility (GEF) has provided 
financing of more than USD 940 million for projects supporting 
health and climate information services. Out of these, nearly 
USD 850 million has been provided to projects which support 

climate information services. GEF has provided funding to 
six projects which support both climate information services 
and health, with an investment of nearly USD 44 million. In 
addition, GEF has also provided funding of USD 52 million 
for projects which include health, among other adaptation 
priorities.

CLIMATE AND HEALTH RESEARCH FUNDING 
A 2016 study exposed that minuscule amounts of funding 
have been provided by Medical Research Councils worldwide 
to understand and address global climate change risks.112 
Limited research funding translates into limited capacity, 
training and experience of scientists with appropriate skills 
and mental models to conduct climate and health research. 
Experts have called for increased funding,113 mechanisms 
to enable the quantification of the global impact of climate 
change,114 more multiscale transdisciplinary research,115 and 
data processing mechanisms.

There has been rapid growth in climate and health research 
in the past 15 years. WHO identified a sixfold increase 
from 2008, when 58 studies were published, to 2019, when 
373 articles were released, with a year-to-year increase of 25% 
between 2018 and 2019.116 However, major health research 
donors, such as the Wellcome Trust, consider that there are 
gaps in scientific understanding of the scale of the current 
and future effects of climate change on health, of the ways 
to protect the health of populations as the climate changes 
(adaptation), and of the potential benefits to health of actions 
that would reduce climate change (mitigation).117 

Philanthropic and national research bodies are increasing 
available funding for fundamental and applied research to 
provide timely and useful insights on effectively protecting 
vulnerable populations and regions, for building climate-
resilient health systems, and for promoting health system-
related greenhouse gas emission reductions in a changing 
climate. Some examples include:

Belmont Forum
For over a decade, the Belmont Forum has served as a single 
point of entry for international funders to tackle global 
challenges jointly with researchers from across different 
countries and disciplines, and in consultation with local 
communities, policymakers, national governments and 
international organizations. Since 2017, the Belmont Forum 
has invested over USD 270 million (EUR 250 million) in 
international, transdisciplinary projects. The Belmont Forum 
has funded six multi-hazard early warning systems (MHEWS) 
projects, all of which fall within a One Health118 theme.

Through the One Health approach, the research outputs of 
these projects have supported the development of MHEWS 
that predict climate change impacts on terrestrial, marine 
and fresh water biodiversity and ecosystems across nearly 
20 countries. Furthermore, additional research on the 
human health-centric MHEWS projects has supported the 
development of a pre-season warning system for diarrheal 
diseases, vector-borne diseases, and an accessibility-based 
screening prediction platform for natural disasters across 
13 countries. Projects, which have received investment of 
between USD 1.1–2.1 million (EUR 1–2 million) each, include: 
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Land2Sea,119 a platform to predict the impacts on aquatic 
ecosystems and ecosystem services and socioeconomic 
and cultural impacts, through its application from policy to 
management; and ARCTIC-BIODIVER,120 an early warning 
platform for ecological impacts of climate change that 
addresses the bio-economic models to integrate scenarios 
of biodiversity across trophic levels, considering the 
socioeconomics of ecosystem services provided by arctic 
fish. While such projects focus on the wider environment 
(including ecosystems), they are closely linked to and 
interdependent with human and animal health.

These successful projects exemplify “decision science” 
early warning platforms, linking climate and environmental 
information for health decision-making. Belmont Forum’s 
commitment to decision science has brought together over 
22 funding institutions to support research teams from over 
120 countries to receive financial and technical support in 
the latest Collaborative Research Action.121 

Wellcome Trust
Wellcome’s investments in research for climate services 
for health reached USD 33.1 million (26.6 million pounds 
sterling (GBP)) in 2022–2023 and spanned investments 
in climate-sensitive infectious disease modelling, early 
warning systems, climate change impact projections and 
heat adaptation strategies. Services for climate-sensitive 
infectious diseases attracted 80% of the total investments. 
About 31% of the investments were made to host institutions 
based in Europe, mainly in Spain (15%), the United Kingdom 
of Great Britain and Northern Ireland (12%), and the Kingdom 
of the Netherlands and Cyprus (14%). Other investments 
were made to institutions in the USA (14%), Australia and 
New Zealand (24%), Mexico and Brazil (7%), Bangladesh 
and Malaysia (9%), South Africa (2%), and international 
governmental organizations (12%). 

Investment in research on climate services for health is a 
major priority for Wellcome. This dedication underscores 
Wellcome’s pursuit to understand the intricate interplay 
between climate and health, with a view to continually 
fostering the development of cutting-edge strategies and 

interventions that effectively safeguard the well-being of 
vulnerable populations.

In summary, the investments made in climate services for 
health have proven to be instrumental in fortifying the global 
response to the challenges posed by climate change on 
human health.

The commitment to research in climate services for health has 
sparked a surge in scientific exploration and collaboration. 
The rapid growth in climate and health research, as 
evidenced by the significant increase in studies over the past 
decade,122 signifies a growing awareness of the critical need 
to understand and mitigate the impacts of climate change 
on health. Philanthropic efforts and international research 
bodies, such as the Belmont Forum and the Wellcome Trust, 
have played a pivotal role in funding interdisciplinary projects 
that bridge the gap between climate, environment and 
health. These successes underscore the global commitment 
to and promoting climate-resilient health systems in an 
ever-changing climate landscape.

However, despite these notable achievements, there remains 
a crucial need to better align health and climate finance and 
ensure that capacity and systems for adequate decision 
science is built. Bridging the gap between these two domains 
will be essential to further enhance our preparedness and 
response to the growing climate-related health challenges. 
By fostering greater collaboration and investment synergy 
between organizations, governments and research bodies, 
we can work towards a more resilient and healthier future for 
all, where climate services for health are not just individual 
project successes but a comprehensive and integrated 
approach to protecting global well-being. More work needs 
to be done to ensure that there is investment at the interface, 
and assessment of climate services for health along the 
causal chain, in order to know whether these are genuinely 
contributing to health.

Closing the funding gap for health in climate change 
adaptation requires increased attention, capacity support, 
sector integration and innovative financing mechanisms. 
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To fully harness the potential of climate services for health, 
transformational change in institutional development and multisector 
integration are required in both the health and climate and 
meteorological sectors.

Adapting to the fast-changing and dynamic health risks 
which are being created or exacerbated by climate change 
demands transformative changes, targeted investments and 
coordinated approaches across sectors. In the wake of the 
global COVID-19 pandemic, all countries have experienced 
the social and economic losses and damages which can occur 
when the health of society is compromised. More must be 
done to prepare the health community for future shocks and 
pressures it may experience due to climate variability and 
the damaging effects of climate change.

Based on the findings in the present report, there is 
considerable potential to maximize the use of climate services 
for health. A multitude of strategies and investments to 
enable effective collaboration and co-production of services 
can support the health sector to be more resilient to climate 
variability, and to adapt to and mitigate climate change. 

To build sufficient capacity to integrate skills, people, data and 
knowledge for enhanced and agile decision-making to protect 
health, there is an urgent need to move beyond pilot projects, 
toward investment in catalytic and systemic strategies to 
understand and address climate risks. This transformation 
needs to start with a paradigm change in the approaches used 
by both the health and hydrometeorological communities to 
build trust, address identified barriers and entrench good 
practices that can lead to success (Figure 19). Sustainable 
multisectoral coordination and policy mechanisms, along 
with scaled-up operational capabilities and mechanisms of 
NMHSs, RCCs and health partners are key to building skills 
and capacity for climate-informed research, risk assessments, 
surveillance, early warning and informed health policy and 
programming. 

The achievement of long-term systemic support for 
climate-vulnerable populations will come as the result of 
a multifaceted investment plan to fully enable actors and 
mechanisms at the science-policy interface for climate, 
environment and health. 

An Implementation Plan for Advancing Integrated Climate, 
Environment and Health Science and Services was endorsed 
by the World Meteorological Congress at its nineteenth 
session, in June 2023. This ten-year plan guides WMO, WHO, 
governments and other partners to identify strategic and 
priority actions that should be developed. It is organized 
according to three dimensions and uses a nexus approach 
to allow flexibility and tailoring as relevant to local and 
regional contexts. Six foundational support areas propose 
investments to lead transformational change in climate, 
weather, environment and health science, services and policy. 
These include:

• Policy and coordination; 

• Capacity building; 

• Communications; 

• Research; 

• Operational services; 

• Monitoring, evaluation and learning. 

Focus is also placed on four thematic grand challenges in 
response to multiple vulnerabilities of urban populations (for 
example, extreme heat and air pollution), the sensitivity of 
infectious diseases to climate, climate risks to food security 
and nutrition, and climate adaptation and mitigation needs 
within the health system itself.
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Figure 19. Framework for 2023–2033 Implementation Plan for Advancing Integrated Climate, Environment and Health Science and Services: 
https://climahealth.info/resource-library/who-wmo-implementation-plan-2023-2033/

Addressing the gaps in climate services for the health sector 
requires collaborative efforts between climate scientists, 
health professionals, policymakers and funding agencies. By 
prioritizing data availability, localization, integration, capacity 
building, effective design of the institutional and anticipatory 
governance dimensions, action-oriented approaches and 
sustainable funding, these gaps can be gradually addressed, 
leading to more effective climate services that protect and 
promote human health.

Currently, the health sector is often seen as operating 
sub-optimally in a silo from health-determining sectors like 
agriculture, water, energy and disaster risk management with 
regards to understanding climate-related health risks and 
co-developing and utilizing climate services. Transdisciplinary 
and integrated approaches, such as the NOAA One Health 
approach and multidisciplinary working groups (like those 
in Niger) can help break down sectoral barriers. Addressing 
the underlying challenges of data interoperability, climate 
literacy, and human resource and institutional and other 
capacities are fundamental goals of WMO and WHO to 
support their Members.123 

Science, technology and information are clearly under-
utilized in health sector decision-making. Frequently, there 
is a mismatch between availability and uptake of climate, 
weather and environmental services in public health. 
Mainstreaming tools and knowledge into health surveillance, 
investigations of outbreaks of diseases, climate change and 
health assessments, research and long-term planning and 
programmatic decision-making calls for significant capacity 
building of institutions and people and enabling environments 
to facilitate collaboration.

As a way forward, a number of strategic activities and 
mechanisms are critical to help reduce the health impacts 
of climate change, including:

• Enabling policy mandates for health and meteorological 
actors to collaborate and share data;

• Adopting interlinked and multisectoral policies and 
coordination mechanisms, at all operational and 
institutional levels;

• Raising awareness of the importance of climate 
information for climate adaptation and resilience, and 
of the technical requirements and investment gaps ;

• Assessing the readiness of partners to co-produce fit-for-
purpose climate analytics and services and building 
projects based on capacities;

• Developing cadres of new professionals who have 
received transdisciplinary climate and health training 
and are institutionally enabled to work across a diverse 
range of partnerships; 

• Improving climate literacy and transdisciplinary 
communication skills of meteorological, climate, environment 
and health actors, and the means of using innovative tools 
and platforms to communicate with the public;

• Setting up a systematic process to identify and respond 
to research gaps and knowledge priorities between and 
across health, climate and other sciences;

• Establishing data processing standards and support 
mechanisms which enable interoperable and quality-
controlled pipelines of information to enhance decision 
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processes;

• Developing in-country capacities to improve local 
knowledge (including collection of epidemiological, 
climate and socioeconomic data), along with institutional 
interaction with policymakers;124 

• Enhancing climate change impact and attribution 
science125 and mechanisms to assess and monitor climate 
impacts on health;

• Improving monitoring and evaluation mechanisms of 
the performance, effectiveness and cost-effectiveness of 
climate services with respect to people’s health and to 
health systems and connecting back to policy and system 
outcomes (to improve the quality of health vulnerability 
and adaptation assessments, integrated surveillance 
systems and climate-informed early warning systems).

Diverse financing approaches should be explored across 
the streams of climate, hydrometeorological services and 
health financing mechanisms. Enhanced coordination and 
involvement are necessary among different stakeholders 
including engaging philanthropic funders, private investors 

and financial mechanisms. Blended finance models that 
combine public and private funds can help attract investments 
while reducing risks. Integrating climate action into public-
private partnerships within the health sector can also unlock 
financing opportunities.126 For example, developing NAPs 
that prioritize health and include costed health interventions 
can be another means to help allocate resources effectively 
to the health sector. Mainstreaming climate adaptation and 
mitigation into national and health sector development plans, 
budgets and annual planning cycles can leverage existing 
budgets and facilitate access to bilateral and global finance.

The use of weather, climate and environmental knowledge 
underpins decision-making to strengthen health sector 
resilience to climate, to extreme weather and water events 
and to hazardous air quality. Strategic investment in climate 
services for health can support countries to make progress 
toward multiple United Nations SDG targets (including SDG 
No. 3 – Ensure healthy lives and promote well-being for all at 
all ages), health sector goals such as universal health care, 
as well as the Sendai Framework and the Paris Agreement.

WMO RECOMMENDATIONS TO MEMBERS’ NMHSS TO SUPPORT HEALTH
At its nineteenth session, the World Meteorological Congress, through its Resolution 17 on the Implementation 
of Integrated Health Science and Services, suggested specific actions by NMHSs and other key actors. These 
include:127

• NMHSs, RSMCs and RCCs to enhance support to the health sector and continue to nominate and support the 
work of health sector focal points for health-related research and services;

• NMHSs to contribute to the implementation of integrated health science and services by sharing current capac-
ities, expertise and experience; to strengthen research and operational mechanisms, including open sharing of 
meteorological and health data; to facilitate coordination and cooperation of their NMHSs and other relevant 
actors with the health community on matters of climate, weather, water and environmental health risks; 

• The World Health Organization, Members and development and research partners to co-fund such arrange-
ments and nominate health experts to the WMO Expert Network.
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STORIES AND 
CASE STUDIES
Case studies provide a rich opportunity to learn what is working and 
where challenges remain (see section on Barriers to co-producing 
and implementing climate services for health). Nineteen case studies 
representing diverse thematic topics, world regions and application 
of climate science and services are outlined in this section, 
demonstrating the experience of partners in co-producing and using 
climate services for health.
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STORY: COLLABORATION ACROSS THE CARIBBEAN PROVIDES 
CLIMATE AND HEALTH RISK REDUCTION

Home to beautiful, sandy beaches and bright, turquoise 
water, the Caribbean is among the most idyllic regions in 
the world.

Yet, the Caribbean has a challenge looming on its horizon: 
it is one of the most climate-sensitive and disaster-prone 
regions in the world, and these issues are anticipated only 
to worsen in coming years as climate change progresses. 
Caribbean small island developing States (SIDS) are among 
the most vulnerable to climate change despite contributing 
very little to climate change on the global scale. Rising sea 
levels pose a massive threat to SIDS, with large areas of 
coastline disappearing over the past decades. Mounting 
temperatures also increase heat-related health threats, and 
the Caribbean’s tropical climate also puts the region at risk of 
other unique health issues, such as vector-borne and tropical 
diseases, which continue to grow in severity as climate change 
progresses. As such, Caribbean SIDS have a time-sensitive 
need to create climate-resilient health interventions.

Until 2017, there was no early warning climate system tailored 
for health providers. As a result, there was little integration of 
meteorological forecasting with easily digestible implications 
for the health sector. For example, publicly available weather 
forecasts might have issued alerts regarding anticipated 
droughts, but there was no standardized corresponding 
messaging about how such droughts would affect health 
risks or how the health sector should adapt to them. 

However, that changed in 2017, when a three-organization 
partnership team trailblazed the way in facilitating collaboration 
among climate and health professionals in the region. That 
year, the Caribbean Institute for Meteorology and Hydrology 
(CIMH) partnered with the Caribbean Public Health Agency 
(CARPHA) and the Pan American Health Organization (PAHO) 
to co-produce a freely available quarterly Health Climatic 
Bulletin (HCB) for the Caribbean. Through the co-production 
of the bulletin, experts from both the climate and the health 
fields work together to disseminate messages detailing the 
anticipated effects of upcoming forecasted climate conditions 
on a range of health conditions. The HCB publishes early 
warning information on a wide array of the climate forecast’s 
anticipated health risks, including threats related to well-being 
and mental health, vector-borne diseases, respiratory illnesses, 
non-communicable diseases, gastrointestinal illness and 
COVID-19. Each time a new issue of the bulletin is released, 
it is disseminated to Caribbean health ministries to promote 
early planning for upcoming health threats. 

By providing health-tailored climate information three 
months in advance, the bulletin gives the health sector an 
opportunity to prepare for risk mitigation. For example, rainy 
periods create ideal breeding conditions for mosquitoes, 
which carry vector-borne diseases such as dengue, which 
is estimated to cost the Caribbean over USD 300 million 
annually.128 Conversely, periods of drought exacerbate risks 
associated with asthma and bronchitis. The bulletin provides 
an easy platform to disseminate this information, which can 
be used to inform decision-making.

At the heart of the HCB team are some essential individuals, 
each of whom brings something unique to the partnership 
and makes the bulletin the product it is today: Dr Laura Lee 
Boodram, the Head of Vector-Borne Diseases at CARPHA; 
Dr Karen Polson, Advisor on Climate and Environmental 
Determinants of Health at PAHO; Audreyanna Thomas, a 
PAHO consultant and Coordinator of the large-scale, multi-
year Climate Change and Health Project; and Dr Roché 
Mahon, Social Scientist and Dr Cédric J. Van Meerbeeck, 
Climatologist, both at the Caribbean Institute for Meteorology 
and Hydrology.

“Our organizations are driven by a common vision to 
provide climate early warning information for Caribbean 
health practitioners that serve Caribbean populations. 
We now have more than 5 years of co-development 
and co-delivery since May 2017 when we launched the 
bulletin and released the first issue”, explained Dr Mahon. 
Dr Thomas added, “partnerships are about adding value. 
CIMH brings an added value, PAHO brings an added value, 
CARPHA brings an added value, and that’s all recognized. 
The bulletin would not be what it is if one agency should 
do it alone.”

The main reason why the partnership works is respect. When 
asked about advice for other regions or countries hoping to 
facilitate similar collaborations, Dr Polson said that “one of 
the key things is respecting persons as experts in their own 
field or own area and not trying to present yourself as an 
expert in an area that you’re not. Respect is key, and so is a 
willingness to learn and to engage. I might have expertise in 
a particular technical area, but I don’t know how to articulate 
it in a manner that’s understandable to everybody.”

Dr Boodram said that the intersectoral collaboration is 
the most rewarding part of her work. “It’s the respect and 
the camaraderie that cements our meetings and what we 
produce. It’s not just simply sitting down and authoring the 
bulletin, but it’s establishing that partnership, it’s setting the 
stage for the future work that we can do, and there’s a certain 
level of trust in knowing that you have colleagues here that 
you can rely on to advance the work.”

For Dr Van Meerbeeck, moving away from simply forecasting 
climate towards forecasting the implications of our climate on 
health outcomes, is crucial. “There are different approaches 
to what we call impact-based forecasting: either hazard-
specific forecasting and monitoring, or sector-specific 
hazards forecasting and monitoring”, he said, pointing to 
the Health Climatic Bulletin as a good example of a tool that 
can help with the latter.

It is hoped that within the next ten years, the bulletin will 
be heavily used to inform policy briefs and will become a 
“household document within the Caribbean. It is a product 
of which we can be proud”, added Dr Polson.

See Case Study 11 for more details.
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STORY: EXTREMA GLOBAL: BUILDING INTEGRATIVE NETWORKS FOR 
COOLER CITIES

The year is 2023, and Athens, Greece, is engulfed by a 
cataclysmic heatwave, with temperature highs reaching 
43.4 °C. 

Amidst the challenges posed by heatwaves, one element 
becomes abundantly clear: awareness and preparedness 
are essential to safeguarding citizens. Elissavet Bargianni, 
Chief Heat Officer for the City of Athens, emphasizes the 
significance of understanding vulnerability beyond its 
conventional boundaries. Factors such as age, socioeconomic 
status, and health conditions play pivotal roles in defining 
vulnerability to extreme heat. However, obtaining specific 
personal data remains a challenge.

Bargianni uses a two-pronged approach. Firstly, by making 
comprehensive information easily accessible to the public 
through a website, Athens can showcase its capacity to 
address heat-related issues, raise awareness (for example, 
of temperatures in different neighbourhoods, where to go 
to find cool spots and so forth) and empower individuals to 
seek assistance when it comes to staying cool and avoiding 
the risk of heat-related illness.

Secondly, Bargianni emphasizes the significance of 
eco-friendly city design, aiming to provide 70% of the 
population with access to green spaces. These areas not 
only provide relief from the heat but also bring valuable 
ecosystem benefits.

The EXTREMA Global app serves as a beacon of hope, 
coordinating awareness and empowering city authorities in 
Europe. With its multilanguage capabilities, constant updates, 
and expansion to cities like Milan, Paris and Rotterdam, 
EXTREMA Global has the potential to become a global tool 
for managing heatwaves. By utilizing data from various 
sources and creating user-friendly maps, policymakers can 
plan sustainable infrastructure and identify vulnerable areas 
within cities. Even during heatwaves, the app guides users 
to safe routes, considering the density of trees along the 
way. All of the information is dynamic and managed by a 
dashboard, so any change is immediately visible within the 
app for users.

Heatwaves present significant challenges that extend 
beyond their direct impact on the local tourism industry, 
as highlighted by Anna Vasila, Head of Sustainability and 
Industry Affairs at Athens International Airport. The scorching 
heat acts as a game changer, prompting tourists to explore 
alternative seasons rather than the traditional summer 
period. This shift in preferences not only affects the tourism 
seasonality but also has far-reaching implications in various 
other areas, including the city’s preparedness to provide 
adequate infrastructure throughout the year. It also impacts 
the broader network of Greek destinations connected to 
the capital. The EXTREMA Global app therefore strives to 
help Athens become a year-round destination by making 
travel during the hot season safe for residents and tourists, 
demonstrating resilience in the face of climate change’s 
influence.

“The app can guide you through selected destinations of 
the centre of Athens, while protecting you from extreme 
heat. It’s part of our continuous attempt to enhance 
the customer experience to show them how they could 
potentially experience better routes while visiting the 
renowned sites of Athens”, adds Vasila.

Throughout the terminals at Athens International Airport, 
the promotion of EXTREMA Global demonstrates a concrete 
commitment to prioritize the health and safety of tourists. By 
enabling visitors to independently experience the city and 
its attractions in a sustainable manner, the airport fosters 
resilience and showcases the city’s dedication to providing 
a year-round destination despite the challenges posed by 
climate change.

Understanding and addressing the needs of cities is crucial 
to finding effective solutions. Instead of solely focusing on 
scientific perspectives, it is important to engage with local 
communities. “Smart communities are the key to building 
smart cities”, emphasizes former Chief Resilience Officer 
Piero Pelizarro.

To overcome this barrier of understanding and addressing 
the needs of cities, Dr Eleni (Lenio) Myrivili, former Deputy 
Mayor of Athens, suggests that reframing the discourse on 
climate change to highlight its tangible impact on vulnerable 
individuals is needed. This approach allows programmes 
like EXTREMA to be tailored to community needs and foster 
empowerment through meaningful engagement.

As we navigate the realities of climate change, the message 
of resilience and hope becomes clear. Normalizing climate 
change discussions, integrating innovative tools like 
EXTREMA Global, and mainstreaming climate adaptation into 
everyday life are essential steps. By linking cities worldwide 
through integrative networks, we can collectively strive for 
a resilient future. While the path ahead may require years of 
innovation, coordination and negotiation, the transformative 
power of tools like EXTREMA Global provides real hope in 
our efforts to mitigate the consequences of anthropogenic 
climate change.

See Case study 13 for more details.
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A staggering 40% of Europeans are currently battling 
allergies, and the severity of seasonal allergies is intensifying, 
particularly for older patients or those with respiratory 
comorbidities like asthma. At the heart of this unseen battle is 
Prof. Dr Peter Schmid, a renowned allergist at the University 
Hospital of Zurich. As a dedicated member of the European 
Academy of Allergy and Clinical Immunology, he tirelessly 
navigates the frontline of this escalating health crisis, seeking 
to understand how our transforming world imprints upon 
human health. 

Equally integral to this struggle is Roxane Guillod from the 
aha! Swiss Allergy Centre. Her role: to lend a voice to those 
suffering silently, to guide them through the bewildering maze 
of symptoms towards much-needed and innovative solutions. 

It is an urgent matter, with allergies in Europe imposing 
an annual health cost ranging from EUR 50–150 billion, 
excluding societal costs and quality of life implications. 
Dr Schmid’s patient demographic is vast, encompassing all 
ages, from children to the elderly. The incidence of allergies 
peaks in young adults, but older patients often bear a more 
severe symptom burden. His initial queries circle around the 
onset of symptoms, their association with different weather 
conditions, and seasonal variations. Engaging with patients 
forms the crux of both Dr Schmid’s and Guillod’s day-to-day 
operations. Dr Schmid asks them about when they started 
noticing symptoms and whether those symptoms change 
with different kinds of weather and the time of year. 

This past year, the first pollen allergy was reported on 
28 December, a testament to the increasingly early start 
of the season. The onset of allergies has typically occurred 
around the age range of 10 to 12 years, but now allergies 
are starting much earlier. Over the past five years, more 
concerned parents are asking about their very young children 
having allergies. 

The societal repercussions of allergies are significant – severe 
allergy symptoms can prevent individuals from attending 
work or school. Even when they are able to, their productivity 
is compromised due to fatigue and decreased concentration, 
impeding their ability to participate in meetings or excel 
in exams. Their social lives are substantially curtailed; 
outdoor activities or exercise become daunting tasks. When 
pollen count surges, they must reduce their exposure to the 
outdoors and modify their ventilation practices indoors (such 
as window aeration). While not universally experienced, 
these debilitating symptoms profoundly affect life quality 
during the peak pollen bloom weeks. Even “mild” symptoms 
can pose serious threats when paired with conditions like 
asthma, leading to impaired breathing. 

To face these growing challenges, MeteoSwiss and 
EUMETNET (a grouping of European National Meteorological 
Services) have partnered to develop a monitoring programme 
that predicts, detects and reports pollen concentrations in 
real time. This information is then fed to end users, including 
physicians, patients and allergy patient association workers 
via an online system and mobile app. Users can input 
information about which pollen sources they are allergic to, 
and receive a map of Switzerland showing the concentration 
of that particular pollen throughout the country. 

These daily pollen-related forecasts have drastically improved 
allergy patients’ management of their symptoms. Guillod 
uses the pollen service several times every day. The service 
not only informs her about pollen concentrations so that she 
and her team can give behavioural advice to patients who 
inquire about pollen data, but also helps her to generate an 
end-of-season report summarizing the year’s trends and to 
communicate with the media. Patients are happy that they 
can access real-time data on pollen counts every day (even 
multiple times a day). Users of the app do not need to know 
much about pollen concentrations in terms of exact numbers, 
but they understand the implications just by seeing that the 
pollen count is red on the app. Nearly 18 000 people have 
used the app since January 2023, and 14 000 have enabled 
push notifications every week. 

This monitoring service has also highlighted the impact 
of climate change on the prevalence of allergies in the 
population: “We have realized some flowers pollen earlier 
due to warmer temperatures”, said Dr Schmid. “We also 
observed some pollen in areas where they had not appeared 
before.” 

See Case study 14 for more details.

STORY: COLLABORATIVE MONITORING PROGRAMME PREDICTS, 
DETECTS, AND REPORTS POLLEN CONCENTRATIONS IN REAL TIME 
TO HELP ALLERGY SUFFERERS
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Food security and shock response systems support 
social protection in Mauritania and the Sahel

CHALLENGE 
The population of Mauritania suffers from multiple 
vulnerabilities caused by the superposition of security, 
social and economic crises that the region is experiencing. 
The effects of climate change, particularly drought events, 
exacerbate these vulnerabilities. Almost a third of the 
population lives below the poverty line and between 450 000 
and 1 000 000 people are food insecure each year, particularly 
during the agricultural lean period.

APPROACH 
Based on an early warning system (EWS) of drought 
conditions, a part of the Social Safety Net System Project II 
(SSNSP) helps the Mauritanian Government to implement 
cash transfer programmes in response to climatic shocks, 
mainly during the lean season and possibly also when floods 
and bushfires occur.

The project developed a predictive model to anticipate 
drought risk and food security needs during upcoming 
lean seasons. The model uses remote-sensing data (the 
Standardized Precipitation Index (SPI), Normalized Difference 
Vegetation Index (NDVI) and biomass, as well as historic 
household-level data from the Food Security Monitoring 
Survey (FSMS)) collected every six months in Mauritania.

The Elmaouna programme,129 implemented by the Mauritanian 
Food Security Commission (CSA), provides direct support 
to poor and vulnerable populations in the event of a shock, 
in particular, drought (emergency transfer during the lean 
season), and upstream support before the impacts are felt 
when the EWS allows it. During the lean period, targeted 
households receive a cash transfer of 75% of the average 
food basket for four months which helps to eradicate hunger 
and malnutrition and increase resilience. 

RESULT 
The aim was for the CSA to deploy emergency aid within a 
very short time frame, based on data from the social register 
integrated with analyses from the Food Security Observatory 
(OSA, part of CSA). 

The programme allowed households affected by hazards 
to become solvent, and thus prevented recourse to harmful 
adaptation measures (such as the sale of livestock at low 
prices, marriage of young girls and so forth). During the 
2022 lean season, the Elmaouna shock response programme 
reached 69 074 food insecure households – 47 000 of which 
were supported through the project.

During the 2022 lean season, 
the Elmaouna shock response 
programme provided 
malnutrition prevention, 
treatment and assistance 
to 47 000 food insecure 
households. 

PARTNERS
Mauritanian Government, World Bank, World Food 
Programme, Sahel Adaptive Social Protection Programme 
donors (Agence Française de Développement, Germany, 
UK)
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CASE STUDY 2

Early warning system for extreme 
temperatures in Argentina

CHALLENGE 
Extreme temperatures have serious and direct effects 
on public health. In the summer of 2013–2014 Argentina 
experienced record heatwaves and preventable deaths. This 
motivated additional studies of the impact of extreme heat 
on health, with the aim of developing a health impact-based 
warning system.

Two studies established the statistical relationship between 
the occurrence of extreme temperatures and the increase 
in mortality. The studies were carried out jointly by the 
Ministry of Health, the National Meteorological Service, the 
National University of Entre Ríos, the National University of 
La Matanza and the University of Buenos Aires.

Mortality was analysed by sex, age and cause of death, and 
results indicated that mortality increased significantly in both 
extreme hot and cold temperatures. The mortality risk during 
heatwaves increased in 13 of the 18 provinces analysed.130 
For extreme cold temperatures, risk of death significantly 
increased in the week following a cold day in 10 of the 21 cities 
analysed, while cold waves were associated with an increased 
risk of death in the following two weeks in 10 cities.131 
Based on the evidence of extreme temperature episodes in 
Argentina driving increased negative health outcomes, an 
early warning system (EWS) for extreme temperatures was 
deemed necessary to reduce preventable deaths.

APPROACH 
The objective of the EWS for extreme temperatures is to 
enable the population, the health system and civil protection 
organizations to take the appropriate prevention, mitigation 
and response measures at each alert level.

Development of the EWS occurred in several phases. Firstly, 
an EWS for Heatwaves and Health was developed and tested 
in two cities.132 Subsequently, in 2017 and based on the results 
of a study,133 the alert thresholds were adapted.

Finally, in 2021, the EWS began to cover the entire national 
territory (sub-divided into 168 fixed regions) and was renamed 
the EWS for Extreme Heat Temperatures.134 In the same way, the 
EWS for Extreme Cold Temperatures was created.135 The system 
issues alerts at different levels (yellow, orange and red). The 
alert thresholds were established based on the 90th percentile 
for heat (and the 10th percentile for extreme cold) of each city.

RESULT 
During the warm period from October 2021 to March 2022, 
987 daily alerts were issued for extreme heat (615 yellow, 
205 orange and 167 red). Likewise, during the EWS for Extreme 
Cold Temperatures test period, from 9 June to 20 September 
2021, 239 daily alerts were issued for extreme cold (197 yellow, 
37 orange and 5 red). The alerts were communicated to health 
and civil protection agencies at the national level, as well 
as to the general population through different media. An 
evaluation of the effectiveness of the system is planned. Under 
this system the weather alerts are issued by the Argentinian 
National Meteorological Service, and the Ministry of Health 
issues recommendations for health care.

LIMITATIONS AND LESSONS LEARNED
The Early Warning System for Extreme Temperatures (SAT-TE 
in Spanish) has climatic thresholds for which the significant 
increase in mortality was evaluated epidemiologically. Two 
studies established the statistical relationship between 
the occurrence of extreme temperatures and the increase 
in mortality. However, future studies could evaluate the 
temperature at which mortality increases significantly, both 
for extreme cold and extreme heat.

The main actions carried out are preventive, with little 
development of those aimed at mitigation and response. 
There is still a long way to go to complete the system, 
including improving the criteria for issuing alerts so that 
they contemplate different scenarios, such as power cuts 
or water shortages, among others. 

During the warm period from 
October 2021 to March 2022, 
987 daily alerts were issued for 
extreme heat.

PARTNERS
Ministry of Health of Argentina 
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Improving clean water provision and nutrition 
through drought anticipation measures in Kenya 

CHALLENGE 
Kenya is vulnerable to drought due to its overdependence on 
rainfall as a source of water for the socioeconomic well-being 
of the population. In Kenya, drought episodes commonly lead 
to limited water availability, food production and pasture 
for livestock. In protracted droughts, the primary effects 
are evolving into secondary impacts on people, such as 
malnutrition.

For the past five consecutive major rainfall seasons, since 
October to December (OND) 2020, each of the March to 
May (MAM) and OND seasons have provided limited rains 
to support agricultural production and to recharge water 
resources, particularly in the arid and semi-arid land (ASAL) 
areas that constitute 70% of Kenya. About 2.7 million people 
were reported to be facing food insecurity in 2021. This 
number increased by 10% in early 2022 and was projected 
to double later in 2022, due to the coupled effect of the 
evolving drought and high food prices associated with the 
war in Ukraine. The anticipated impacts of these worsening 
statistics on people include acute malnutrition, limited 
food options and lack of clean water for animal and human 
consumption.

APPROACH
Since 2019, humanitarian actors have been developing 
anticipatory action (AA) approaches based on climate 
information and vulnerability indicators. Droughts from 
limited rainfall, such as the one observed in 2021–2022 
period, can be reliably forecasted. In an AA approach, such 
meteorological drought forecasts can be overlaid with data 
on water demand for agricultural production and recharge 
of water sources, on livelihoods dependent on rainfed 
agriculture and pastoralism, and on food security status 
from assessment. The forecast models currently used have 
increased in forecasting skill, and this has been coupled with 
extensive drought assessments and information sharing. 
Thus, scientists can better quantify the health risks of 
forecasted droughts. 

Therefore, objective criteria have been developed showing 
when to act in anticipation of drought, by combining climate 
forecasts with information about vulnerability on the ground 

and identifying areas with a high risk of humanitarian crisis 
arising from drought. Further, donors are creating funding 
streams such as Forecast-based Action (FbA) by the Disaster 
Relief Emergency Fund (DREF) of the International Federation 
of Red Cross and Red Crescent Societies (IFRC). The FbA by 
the DREF funds anticipatory actions for climate extremes 
whose anticipated impacts matches or exceeds a 1-in-5-year 
return period. The fund is accessible to national societies 
such as Kenya Red Cross Society through an Early Action 
Protocol (EAP).

RESULT 
Kenya Red Cross Society implemented AAs in October 2021 
following the release of national forecasts that indicated 
enhanced chance of a 1-in-5-year drought over the semi-arid 
parts of Kenya. In the intervention, the Society rehabilitated 
up to 8 boreholes to provide clean water, distributed drought-
resistant seeds to farmers, distributed pasture seeds to 
pastoralists and carried out awareness-raising on climate-
smart agricultural practices, water source management, 
water sanitation and hygiene. A survey conducted in 
September 2022 indicated that all the rehabilitated water 
facilities remained functional after the failed OND 2021 rainfall 
season and throughout the subsequent dry months, despite 
the increased dependence on them as a source of clean and 
cheaper water for household use, while drought impacts 
started peaking. The affected populations are benefiting from 
reduced need for repair and maintenance of the solarized 
water boreholes.

Interviews with community members who were recipients 
of awareness-raising on best agricultural practices indicated 
that they made use of the rainwater for production of drought-
resistant crops and livestock pasture from a season whose 
rainfall was limited. 

Monitoring reports indicated that the food consumption score 
for seed distribution improved from 38% to 65%, implying a 
significant increase in diversity of food options and sustained 
higher nutritional value among these beneficiaries.

The benefits of the interventions reduce the chances of 
malnutrition and waterborne and foodborne diseases among 
beneficiaries both in the short- and long-term. 
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LIMITATIONS AND LESSONS LEARNED
The beneficiaries indicated that at the time of distribution 
of the seeds they were observing local traditional indicators 
showing a chance of a dry spell early in the seasons, which was 
eventually observed. They made reference to interpretation 
of goat intestines by local forecasters. Consequently, most 
non-beneficiaries who were interviewed failed to implement 
drought anticipatory actions. In this case, the communities 
demonstrated a strong belief in their local knowledge. 
This provides an opportunity to use local knowledge and 
an AA approach should be flexible to accommodate this. 
As such, an arrangement had been made for the local 
forecasters to interpret forecasts for the season from goat 
intestines and compare them with scientific forecasts prior 
to the implementation of the anticipatory actions with the 
communities. 

Some farmers suffered from failed crop harvest having 
planted late. There is need to scale up awareness-raising on 
the need to plant within timing of the rains, as the dry spell 
that followed the onset was anticipated from the seasonal 
forecast.

An impact analysis found 
that the combination of 
water provision and planting 
of drought-resistant seeds 
nearly doubled the food 
consumption score of 
beneficiaries and reduced 
negative coping strategies. 

PARTNERS
Kenya Red Cross, British Red Cross, Netherlands Red 
Cross, International Federation for Red Cross and Red 
Crescent Societies, University of Sussex, National 
Drought Management Authority, Kenya Meteorological 
Department, Kenyan Government, county governments 
of Kitui, West Pokot and Kwale

CASE STUDY 3
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management of environmental health and climate services

CHALLENGE 
Vector-borne diseases, respiratory diseases and diarrheal 
diseases are among those that most affect Colombians. In 
addition to the difficult social, economic and sanitary conditions, 
climatic conditions have been decisive in their behaviour, 
especially the effects of climate variability and extreme events. 
Precipitation deficits are related to the increase in dengue 
cases, with the average monthly intensity of precipitation 
inversely correlated with the monthly number of dengue cases.

Therefore, it is necessary to systematically consider 
the climate component in epidemiological monitoring 
and prognosis136 in order to improve the preparation of 
recommendations and the development of preventive actions 
by the country’s health system.

APPROACH
Since 2016, the National Institute of Health (INS), the Institute 
of Hydrology, Meteorology and Environmental Studies 
(IDEAM) and the Ministry of Health and Social Protection have 
developed actions, within the Climate Variability and Change 
Board of the Comisión Técnica Nacional Intersectorial para 
la Salud Ambiental (CONASA), to establish the development 
of research and products and their dissemination within 
the national health system. For example, the IDEAM had 
conducted research into the relationship of rain, rain 
mean intensities, temperature and humidity with dengue 
and malaria cases, and incidences per hundred thousand 
inhabitants.

In April 2017, the first Climate and Health Bulletin was 
prepared and published, containing information on climate 
conditions and predictions, epidemiological conditions and 
recommendations. The publication and dissemination are 
carried out by the Sub-directorate of Environmental Health 
of the Ministry of Health and Social Protection, which sends 
the bulletin to departmental and local health bureaus to help 
inform their prevention and control plans and actions.

The INS and IDEAM have developed research on the identification 
and characterization of the favourability of climatic variables in 
diseases such as vector-borne diseases, susceptible to climate. 
A methodology was developed to relate the favourability with 
the epidemiological behaviour. The result of this work was 
used to develop the bulletin. In the monthly meeting of the 
bulletin contributors, the conditions, climatic and favourable 
predictions, and behaviour of the current and expected number 
of cases are presented, with their recommendations. 

RESULT 
The effort of the three institutions (INS, IDEAM and Ministry 
of Health and Social Protection) has been reflected in the 
formal integration in the Climate Variability and Change 
Board, as an intersectoral workspace, and in the Climate and 
Health Bulletin, as an information tool for decision-making 
by territorial entities, including departmental and municipal 
health secretariats.

It has also generated a space for discussion and the development 
of technical documents for policy formulation. With the research 
project financed by the Ministry of Science and Technology, 
and with the support of IDEAM, the INS has identified events 
of interest in public health and their relationship with climatic 
variables, designed to determine trends and cyclicality. For 
example, the organizations have led research into climate 
conditions and dengue in the Colombian Caribbean region.

Delegates of the departmental health secretariats have 
participated in meetings about the bulletin’s objective and 
content, which has helped to develop capacities.

LIMITATIONS AND LESSONS LEARNED
In the development of this work, various difficulties have 
arisen. Changes of government have brought different 
objectives and conceptions that are reflected in the priorities 
of its management and in the resources assigned.

Also, there is a lack of experience in interdisciplinary and 
intersectoral work, which has been resolved through the 
exchange of knowledge, first between INS, IDEAM and the 
Ministry of Health and Social Protection, and secondly with 
regional and local health bureaus. It was necessary to define 
some priorities in the approach to vector-borne diseases, due 
to the limitations of information and its nature.

56 issues of the Climate and Health 
Bulletin have been published.

PARTNERS
Sub-directorate of Epidemiological Surveillance of the 
National Institute of Health (INS), Sub-directorate of 
Meteorology of the Institute of Hydrology, Meteorology 
and Environmental Studies (IDEAM) and Sub-directorate 
of Environmental Health of the Ministry of Health and 
Social Protection 
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CASE STUDY 5

Integrating climate and environmental information from 
satellites into health surveillance systems for Myanmar

CHALLENGE 
Yangon is a tropical metropolis susceptible to infectious 
disease outbreaks. The Lepto Yangon Platform was developed 
to integrate climate and environmental risk information from 
satellites into health surveillance systems to develop early 
warnings and guide disease control. 

The platform was developed to provide early warnings of 
the suitable environments for leptospirosis transmission, in 
order to improve its surveillance. Leptospirosis is a common 
bacterial zoonosis that remains rarely diagnosed in South-
east Asia despite a high morbidity, as shown in several active 
investigations. Outbreaks of leptospirosis are strongly associated 
to water and often follow heavy rainfall and flooding events. 

The integrated data platform was developed by the French 
National Research Institute for Sustainable Development (IRD) 
and partners of the ClimHealth project, funded by the French 
National Centre for Space Studies (CNES) and accredited by 
the Space Climate Observatory (SCO) international initiative. It 
builds on the ECOMORE 2 project,137 coordinated by the Institut 
Pasteur, and funded by the Agence Française de Développement 
(AFD). In Yangon, this project supported the National Health 
Laboratory and hospitals of the Yangon metropolitan area to 
develop the diagnosis of leptospirosis and increase awareness.

APPROACH
The platform aims to model suitable climate and environmental 
conditions for leptospirosis through Earth observation, over 
the agglomeration of Yangon, Myanmar. The ECOMORE 2 
project retrospectively analysed the locations of leptospirosis 
confirmed cases (versus non-leptospirosis controls) in 2019 
and 2020. Time series of vegetation, water and moisture 
indices from Sentinel-2 satellite imagery (available at 
10-meters spatial resolution, every 4 days, from the European 
Space Agency’s Copernicus Programme) were produced 
to describe the dynamics of the environment around the 
locations of residence. This process relied on the use of the 
Sen2Chain processing chain developed in previous projects.

The most relevant indices were used to build a spatiotemporal 
prediction model of positive versus negative locations. This 
model was spatialized on homogeneous landscape units from 
the point of view of land use and describing the whole study 
area. The acquisition of Sentinel-2 images, their processing 
and the modelling were then automated as soon as a new 
image becomes available (every 5 days). An online information 
system was created to display this dynamic mapping of 
suitable environments for leptospirosis transmission and to 
inform the epidemiologists and physicians of the study. The 
online platform has been developed with the open-source 
software R and R-Shiny, and the processing chains are coded 
in Python, to be part of an open science approach. 

RESULT 
Lepto Yangon is an online early warning system providing 
information about the suitable environment for leptospirosis 
transmission in the metropolitan area of Yangon. A new risk 
map is produced every five days, as soon as a new Sentinel-2 
image is available. The tool allows retrospective consultation 
of any date since the first image was available in March 2016 
(over seven years ago). By clicking on the map, the user can 
select a landscape unit and view the temporal dynamics of 
the risk for that unit (that is, whether the risk is increasing 
or decreasing).138 

The user can also view the vegetation, water and moisture 
indicators to get an idea of the environmental data 
more specifically. The platform is designed to be used 
by epidemiologists and physicians to visualize the most 
at-risk areas and those where the risk is increasing, to raise 
physicians’ awareness of leptospirosis, which is often 
confused with other fevers. 

LIMITATIONS AND LESSONS LEARNED
Implementing this tool in other territories is facing 
methodological challenges regarding the volume of satellite 
data to be processed. Detailed knowledge of the ecology of 
leptospirosis and exposure factors to adapt the models in 
different contexts is also needed. 

This already operational risk monitoring tool provides proof 
of concept for the development of climate and environmental 
monitoring systems to increase the vigilance of health 
personnel and populations to the risk of leptospirosis. 

Lepto Yangon provides actionable and 
real-time (5-day) updates of leptospirosis 
transmission risk to epidemiologists and 
hospitals in Yangon.

PARTNERS
National Research Institute for Sustainable Development 
(IRD) (France), Université de La Réunion (France), National 
Centre for Space Studies (CNES) (France), Space Climate 
Observatory (SCO), Institut Pasteur (France), Institut 
Pasteur du Cambodge (Cambodia), Institut Pasteur de 
Nouvelle Calédonie (France), National Health Laboratory 
(Myanmar), Agence Française de Développement
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The Local Climate Adaptation Tool supporting local 
decision makers in the UK to identify adaptation measures

CHALLENGE 
Many of the impacts of climate change are now locked in and 
the health consequences for vulnerable populations are likely 
to be significant. What steps should be taken to prepare for 
this? Discussions with stakeholders across the UK, including 
councils, the National Health Service, emergency services 
and other local service providers showed that there was 
an urgent need for local decision makers to have access 
to the latest climate information and scientific studies to 
make informed decisions about appropriate adaptations. 
Stakeholders urgently need: access to local future climate 
models; clear guidance on appropriate adaptation, that is 
evidence based; guided access to the evidence base; and 
support to work across traditional boundaries. The use 
of health outcomes to drive decision-making provided a 
common currency.

APPROACH
The Local Climate Adaptation Tool (LCAT) was developed 
by the University of Exeter and partners in order to offer 
decision makers data and evidence to not only understand, 
but to plan for the future climate. 

The tool is free and open source, and is aimed at helping 
councils, the National Health Service and emergency services 
as well as local service providers to understand what is 
likely to happen and to prioritize their climate adaptation 
approaches. 

The tool, which is in the prototype stage, brings together 
complex climate models, adaptation options and health impact 
evidence to help users understand the health implications 
of climate change in their local area. Importantly, LCAT also 
generates recommendations for appropriate adaptation 
approaches, based on the best available evidence, to support 
the health and well-being of local people.

Users can select a local area of interest and see the predicted 
climate over the coming decades, alongside evidence on the 
health impacts of climate change from the scientific literature. 
The aim is to enable the best possible health and well-being 
outcomes for local people. For example, planning cycle paths 
with shade for hotter summer months and protection from 
stronger cross winds in the winter, ensures that people can 
continue to gain the health and well-being benefits of cycling 
in a changing climate. 

RESULT 
The use of a health lens provides a common “language”, 
relevant to all service areas, and facilitates a multi-agency 
approach to adaptation planning. Key to supporting informed 
decision-making is a link to the evidence base. 

The tool identifies key, published evidence on health and 
well-being outcomes to support the recommendations and 
advice it will generate. Climate change impacts are not felt 
equally, as many people are more vulnerable due to personal, 
social and environmental factors. Furthermore, climate 
change is likely to increase current inequalities. Stakeholders 
involved in the co-design of LCAT have consistently voiced 
their concerns about deepening inequality and, as such, LCAT 
is being developed to provide data sets on vulnerable groups. 
Using insight and data from Climate Just,139 as well as data 
from the UK indices of multiple deprivation, LCAT supports 
decision makers to identify who is vulnerable and therefore 
take a more equitable approach to planning adaptations. 

LIMITATIONS AND LESSONS LEARNED
The tool is being developed in stages. As it is developed 
further, updated iterations will be published, with more data, 
content and evidence. The current version (as of November 
2022) is a prototype. Using the third UK Climate Change 
Risk Assessment 2022 (CCRA3)140 as its starting point, and in 
consultation with stakeholders, the key risk areas for inclusion 
in LCAT have been identified as: heat, flooding and drought, 
extreme storms, coastal security and ocean system changes, 
and personal security, such as food or energy supply. As of 
February 2023, the prototype health impact maps explore heat 
(and cold) as well as test the methodology that is being used 
for the mapping. The other risks will be added by mid-2023. 

LCAT offers decision makers integrated 
data and evidence to understand future 
climate conditions and make locally 
informed multisectoral planning choices.

PARTNERS
University of Exeter, Turing Institute, Cornwall Council, 
Then Try This 
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Model-based risk assessments of vector-borne disease 
emergence with climate change in Canada

CHALLENGE 
Vector-borne diseases are sensitive to climate and weather, 
which affect vector survival, life cycles and activity, and the 
development of disease-causing microbes in the vectors. 
Climate change is anticipated to drive geographic range 
expansions of many vector-borne diseases towards the 
poles and to higher altitudes. People will be exposed to 
vector-borne diseases for the first time, so public health 
needs to know how to respond and adapt to these new 
health threats. 

Canada’s cold climate has protected people from most vector-
borne diseases, but that is changing rapidly. The use of vector 
and disease transmission models coupled with outputs from 
climate models can better support in the task of projecting 
future risk.

APPROACH
A first step to adaptation is understanding which geographic 
regions are going to be affected and when future risks are 
likely to appear. This is achieved by developing comprehensive 
knowledge of disease risk occurrence, for example, in the 
form of risk maps, under current and projected future 
climate. Mathematical models (of vector species life cycles, 
and vector-borne disease transmission) allow us to assess 
climatic limits for a vector or disease, and how risk might 
increase as temperature warms and rainfall increases/
decreases from current levels. 

These models synthesize information on how climate affects 
disease risk, while accounting for other factors (environmental 
or socioeconomic) that also limit disease occurrence. For this, 
data on current climate are essential.

Once we understand how climate determines and influences 
where, when and how disease risk occurs, we can then 
predict future occurrence with climate change, by using 
outputs from global and/or regional climate models. Outputs 
from ensembles of climate models are used which employ a 
range of scenarios for greenhouse gas emissions. Therefore, 
projections account for variations in model performance at 
different locations and future time periods, and uncertainty as 
to how societies will respond to the challenge of the climate 
crisis by mitigating greenhouse gas emissions. 

RESULT 
Firstly, projections of the expansion of the range of the 
blacklegged tick vector of Lyme disease with climate change 
have been proven to be highly accurate and have given early 
warning of the emergence of Lyme disease in Canada. In addition, 
this allowed attribution of Lyme disease emergence in Canada 
to climate change. This early warning also enabled public health 
programmes to step up their surveillance efforts while also 
raising awareness of Lyme disease ,as well as preventative 
measures, within the public and medical community.

Similar projections have raised awareness that another tick 
vector of infectious diseases, the lone star tick, may also 
emerge in southern Canada in the near future. Projections of 
the occurrence of the Asian tiger mosquito (and the diseases it 
can transmit, like Chikungunya) alerted us that this mosquito 
may spread into Canada and may already be present in the 
warmest locations. This has been confirmed by surveillance, 
again providing early warning of possible future disease risks.

LIMITATIONS AND LESSONS LEARNED
Predicting future disease risks requires knowledge of 
the occurrence and biology of infectious diseases, while 
confidence in predictions depends on validation by 
surveillance. None of this is possible without data on current 
climate, and state-of-the-art climate models that provide us 
with the capacity to project future climate, particularly at the 
regional scales. Nevertheless, with adequate knowledge, 
accurate and useful predictions can be made. 

Climate-informed projections for the 
occurrence of Lyme disease in Canada 
have allowed the government to 
attribute disease risk to climate change 
– and to get ahead of the epidemic curve 
to prepare public health responses.

PARTNERS
Public Health Agency of Canada, Département de 
Géographie and Centre pour l’étude et la simulation 
du climat à l’échelle régionale (ESCER) at Université du 
Québec à Montréal, Réseau Inondations InterSectoriel 
du Québec
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Smart health-care facilities provide safer 
and greener health services in the Caribbean 

CHALLENGE 
The Caribbean region is disproportionately affected by the 
occurrence and impact of disasters due to its geography. 
Its vulnerabilities are exacerbated by the impacts of climate 
change, which include rising sea levels, coastal erosion and 
the general escalation in the intensity of tropical storms and 
hurricanes and varying rainfall patterns. 

Weather-related disasters impact the capacity of health-care 
facilities, both functionally and structurally, to provide critical 
services, including emergency care and ongoing health care 
for communities.

According to the Sendai Framework and the Pan American 
Health Organization (PAHO) Plan of Action for Disaster Risk 
Reduction 2016–2021,141 77% (13 566 out of 17 618) of the 
hospitals in the region are in areas of risk and require urgent 
remedial measures to protect personnel and patients’ lives 
during and after a disaster. 

Knowledge of the condition of the facilities, level of 
exposure and their role within the health service network 
is indispensable (for example, if the facilities are in areas 
prone to flooding, or along the hurricane path and so forth). 
Information on this was collected from health facilities’ 
personnel, Ministries of Health and National Disaster 
Management Offices. Health-care facilities are also intensive 
energy users due to the services provided and their hours of 
operation, thus making significant environmental footprints. 
With energy prices in the Caribbean among the highest in 
the world, cost savings could be better used on improving 
health services. 

APPROACH
The Smart Health Care Facilities in the Caribbean project, 
funded by the UK Foreign, Commonwealth and Development 
Office (FCDO), was implemented by PAHO and WHO 
in partnership with seven Ministries of Health in Belize, 
Dominica, Grenada, Guyana, Jamaica, Saint Lucia and Saint 
Vincent and the Grenadines. 

A regional building code annex, guideline and toolkit for 
retrofitting existing or new facilities was developed. The 
toolkit provided a step-by-step guide and included the 
Hospital Safety Index (HSI), the Baseline Assessment Tool 
(BAT) and the Green Hospitals Checklist, utilizing cost-benefit 

analysis to support investment decision-making. PAHO has 
been providing technical assistance to Caribbean countries 
for the implementation of the Smart Hospitals initiative in 
two phases (2012–2014 and 2015–2022). During the project 
planning process, consultations were made with agencies and 
entities, such as ministries of environment and the Caribbean 
Community Climate Change Centre based in Belize. Entities 
were invited to participate in the implementation of the 
project (for example Town Hall meetings, ad hoc meetings 
and so forth). In addition to FCDO, the European Union funded 
five health-care facilities in Belize and four shelters in British 
Virgin Islands. The International Development Bank funded 
the La Paix Smart Hospital in Haiti. 

RESULT 
The Smart Hospitals initiative focuses on improving hospitals’ 
resilience, strengthening structural and operational aspects 
and providing green technologies. Energy improvements 
include solar panel installation, electric storage batteries 
and low-consumption electrical systems, which, in addition 
to reducing energy consumption, reduce the health sector 
carbon footprint and provide the hospital with energy 
autonomy, allowing it to continue running during emergencies 
and disasters. 

An additional benefit is the fact of not increasing the carbon 
footprint associated with new construction, because the 
project improves existing facilities. Health-care facilities 
are Smart (Gold Standard of A70) when they link their 
structural and operational safety with green interventions 
at a reasonable cost-to-benefit ratio. The Hospital Safety 
Index and the Green Hospitals Checklist as part of the Smart 
Toolkit are used the calculate the score.

Belize suffered significant damage to infrastructure following 
the passage of Hurricane Lisa in November 2022. The 
National Emergency Management Organization reported 
that the initial damage estimate to the housing sector was 
approximately USD 10 million. Although the health sector 
was slightly impacted by Hurricane Lisa, the five health 
facilities retrofitted as “smart” hospitals remained functional 
during the hurricane and after it made landfall. They were 
able to serve their catchment population, especially those 
who were affected by the hurricane. Critical services such 
as immunization, sexual, maternal and child health care, 
medical services for chronic conditions, and others were 
readily accessible to communities. 
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The required infrastructure and critical systems such as 
electricity through solar power, water supply via rainwater 
harvesting and the drainage system, among others, provided 
the backup system to enable the health facilities to remain 
operational during the COVID-19 pandemic, and also after 
the volcano eruption in St. Vincent and the Grenadines, 
when the Chateaubellair Smart Hospital was able to provide 
water from its tanks to the affected community. 

The Smart Hospital initiative 
is focused on improving 
hospitals’ resilience, 
strengthening structural 
and operational aspects and 
providing green technologies.

PARTNERS
UK Foreign Commonwealth and Development Office, 
European Union, International Development Bank, the 
seven Ministries of Health in the Caribbean project 
countries, Pan American Health Organization 
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protocols for disease and health risks 

CHALLENGE 
Climate change is adversely affecting human health. 
Outbreaks and epidemics of climate-sensitive infectious 
diseases are of high public health concern, especially in lower- 
and middle-income countries that are highly vulnerable and 
exposed to climate change. As our understanding of linkages 
between climate and weather and infectious disease patterns 
improves, it may be possible to act earlier to prevent or 
minimize outbreaks and epidemics.

APPROACH
Forecast-based financing (FbF) is a programme that enables 
access to humanitarian142,143 funding for early action, based on 
in-depth forecast information and risk analysis. The goal of 
FbF is to anticipate disasters, prevent their impact, if possible, 
and reduce human suffering and losses. 

Typically, FbF programmes have been designed to reduce or 
mitigate the impacts of hydrometeorological hazards such 
as floods, droughts, cyclones, heatwaves or cold waves. 
These have been formalized into more than 20 Early Action 
Protocols (EAPs) in different countries. 

Within these EAPs, early actions which aim to prevent or 
alleviate negative health outcomes, such as waterborne 
disease outbreaks, are quite common. For example, the 
cyclone EAP in Mozambique attempts to reduce the risk of 
diarrheal diseases due to damage to water infrastructure 
and resulting contamination. It does so by pre-emptively 
distributing chlorination tablets and buckets to families based 
on a trigger of forecasted wind speeds of 120 km/h or above 
at landfall. The lead time is 72 hours. Considerations for 
the impacts on the health sector have been integral to EAP 
development for hydrometeorological hazards. However, 
there is a new and growing interest in developing EAPs 
specifically for infectious disease outbreak risk, such as for 
dengue, malaria or cholera. 

RESULT 
In the future, EAPs could be based on climate-informed 
disease risk prediction models. A prototype is the Barbados 
dengue early warning system144,145 developed in partnership 
with the Barbados Meteorological Services, Barbados 
Ministry of Health, French Red Cross, Red Cross Red Crescent 
Climate Centre and London School of Hygiene and Tropical 
Medicine. The climate-informed early warning model creates 
a probabilistic risk output of a dengue outbreak months in 
advance. If an above-average dengue transmission season is 
predicted several months in advance there is the opportunity 
to implement preventative public health action, such as 
vector control activities. 

Alternatively, EAPs could be developed with triggers linked 
to aggravating factors for disease outbreak risk in endemic 
areas, such as population displacement, weather or an 
increase in disease caseload. For example, the cholera EAP 
template developed by the International Federation of Red 
Cross and Red Crescent Societies aims to use early actions 
for earlier detection and response to cholera outbreaks in 
endemic countries. 

The climate-informed early 
warning model creates a 
probabilistic risk output of a 
dengue outbreak months in 
advance.

PARTNERS
International Federation of Red Cross and Red Crescent 
Societies, Red Cross Red Crescent Climate Centre, French 
Red Cross, German Red Cross, London School of Hygiene 
and Tropical Medicine, Barcelona Supercomputing Center 
(BSC)/Catalan Institution for Research and Advanced 
Studies (ICREA), Barbados Meteorological Services, 
Barbados Ministry of Health
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Global mobile access and awareness of local UV radiation 
exposure risk and public health precautions 

CHALLENGE 
Up to 95% of melanoma and 99% of non-melanoma skin 
cancers are a result of over exposure to UV radiation. Despite 
being largely preventable, skin cancer remains a global 
problem, with an estimated 1.5 million people diagnosed 
in 2020 worldwide. 

During the same period, more than 120 000 people across 
the world lost their lives to this highly preventable disease. 
The SunSmart Global UV app seeks to bring worldwide 
consistency to UV reporting and public health messaging, and 
to tackle the worldwide burden of skin cancer and UV-related 
eye damage. It does this by bringing sun protection advice 
to anyone with the app on their mobile phone based on their 
selected location. 

APPROACH
While great gains have been made in relation to the 
implementation of the Montreal Protocol on Substances that 
Deplete the Ozone Layer that has reduced the impact of UV 
on human health, it is still vitally important for the public to 
garner a better understanding of the dangers of prolonged 
UV radiation exposure.

Evidence shows that personal habits in relation to ongoing 
sun exposure, including sunscreen use, clothing choice and 
time spent outdoors, are the most important individual risk 
factors for UV-related skin and eye damage. 

Developed in Australia by the Cancer Council Victoria, the 
Australian Radiation Protection and Nuclear Safety Agency 
(ARPANSA) and the Bureau of Meteorology, the SunSmart 
Global UV app was launched in July 2022 with the support 
of WHO, WMO, the United Nations Environment Programme 
(UNEP) and the International Labour Organization (ILO). The 
SunSmart Global UV app was designed primarily to influence 
sun protection behaviour by providing individual users with 
the times of the day when sun protection is required, no 
matter what their location.

The SunSmart Global UV app utilizes forecast UV data from 
the European Centre for Medium-Range Weather Forecasts 
(ECMWF) and weather information from the Hong Kong 
Observatory. The app also has the capacity to draw on live 
UV data when available. In Australia for example, the app 
collects live UV data from monitoring stations across the 
country. The live UV data is updated every 1–2 minutes and 
is available for anyone who is within a 100 km radius from 
a fixed UV monitoring site. 

RESULT 
The SunSmart Global UV app utilizes global UV forecast 
data sources and converts that information to provide clear 
public health advice in a way that is designed to motivate 
sun protective behaviour. 

The app includes four-day UV forecast of sun protection times 
and weather information, and is available in eight languages 
including English, French, Spanish, Dutch, Chinese, German, 
Italian and Russian. Since its launch in June 2022, the app 
has been downloaded over 150 000 times. 

The SunSmart Global UV app is available free of charge at 
both App Store and Google Play.

LIMITATIONS AND LESSONS LEARNED
Launching an app globally with the support of United Nations 
agencies requires a lot of work, time and tenacity – but is 
worth it. A key limitation has been containing costs. To build 
an app to suit a global audience across multiple languages 
requires a good budget, not just to cover the app build, but 
also the ongoing maintenance and promotion costs.

With the support of 
world-leading health and 
meteorological organizations, 
combined with the benefits of 
technology to deliver location-
specific health advice, 
we hope to decrease the 
significant global burden of 
skin cancer and eye disease.

PARTNERS
WHO, WMO, United Nations Environment Programme, 
International Labour Organization, Australian Radiation 
Protection and Nuclear Safety Agency, Bureau of 
Meteorology (Australia), Cancer Council Victoria 
(Australia)
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The Caribbean Health Climatic Bulletin is the result of 
partnership-driven climate services for health

CHALLENGE 
The Caribbean is recognized as one of the most climate-
sensitive and disaster-prone regions in the world, with 
Caribbean small island developing States (SIDS) at the 
frontline in terms of climate impacts on human health. The 
development of climate-informed early warning systems 
for health is a priority need. Until 2017, tailored operational 
climate early warning information for health practitioners 
was largely not available. 

APPROACH
Since 2009–2010, the Caribbean Institute for Meteorology and 
Hydrology (CIMH) has been operationally producing climate 
monitoring and climate forecast information for the public 
good. This freely available climate early warning information 
has been produced every month and was potentially useful 
to the health sector, as it provided advisories on climate 
extremes such as drought, extreme rainfall and heatwaves, 
which are becoming increasingly intense in a changing 
climate. 

In a 2017 PAHO Country Survey on Health and Climate 
Change, Caribbean health professionals identified and 
rated as “extremely important” or “important” many topics 
about which the CIMH provided climate monitoring and 
forecasting and collaborated across sectors. These themes 
included vector-borne diseases, weather and emergencies, 
food security/safety, waterborne diseases and heat-related 
illness, among others. The CIMH seized the opportunity to 
use its suite of monitoring and forecast information as a 
basis for providing a more tailored service to the Caribbean 
health sector on climate-sensitive diseases.

Since 2017, the RCC-Caribbean has worked with regional 
health partners at the Caribbean Public Health Agency 
(CARPHA) and PAHO to prepare and disseminate messages 
on the expected seasonal impacts of climate conditions on the 
incidence of some climate-sensitive diseases. The quarterly 
Caribbean Health Climatic Bulletin (HCB)146 has been jointly 
authored and disseminated by CIMH, CARPHA and PAHO 
since May 2017 and is the Caribbean’s premier integrated 
climate-health early warning product. 

RESULT 
The Caribbean HCB is a tool that has the potential to help 
health practitioners in the region to reduce climate-related 
health risks. It provides them with the seasonal information 
required to identify and prepare for upcoming favourable or 
unfavourable climate conditions, three months in advance. 
Use of this information can help to inform strategic and 
operational decisions related to the management of diseases 
like dengue, which is estimated to cost the Caribbean over 
USD 300 million annually.147 CIMH, CARPHA and PAHO 
continue to work with international research partners on 
the development of models in an effort to provide integrated 
climate-health advisories in the HCB in the future. This will 
lead to further improved, climate-smart health decision-
making in Caribbean SIDS. 

The Caribbean Health Climatic 
Bulletin is the premier climate 
early warning information 
product in the region, 
providing health practitioners 
with information to prepare 
for upcoming climate 
conditions and risks, three 
months in advance.

PARTNERS
Caribbean Institute for Meteorology and Hydrology, 
Caribbean Public Health Agency, Pan American Health 
Organization
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Enabling environment for integrated risk monitoring 
and climate-informed early warning systems in Fiji 

CHALLENGE 
Fiji is prone to climate change hazards including sea-level 
rise, cyclones and floods, with increases in extreme weather 
events, such as shifting wet/dry seasons and extreme rainfall 
days, likely in the coming decades. These changes are 
expected to influence disease patterns, community resilience 
and health systems. 

Fiji is already experiencing a rapidly growing health 
burden due to the increased incidence and prevalence of 
non-communicable and communicable diseases, combined 
with increasing climate change-related health impacts. In the 
absence of appropriate and rapid health-focused adaptation 
strategies, climate change has the potential to cause a range 
of significant negative health impacts. 

In Fiji climate change affects human health through multiple 
pathways, including increased risk of waterborne diseases 
(such as diarrheal diseases) and vector-borne diseases (such 
as dengue), increased food and water insecurity leading to 
nutritional issues, and disruption of health systems due to 
climate-induced extreme weather events and sea-level rise. The 
combination of exposure to climatic hazards with limited capacity 
of the health system, including inadequate infrastructure, 
human resources and supplies, as well as communities that 
are remote and hard to reach, provide significant challenges 
in reducing climate change-related morbidity and mortality. 

APPROACH
The Fiji Ministry of Health and Medical Services (MOHMS) has 
a close working relationship with Fiji Meteorological Services 
(FMS), starting in 2010 through the Climate Change and 
Health Steering Committee and various projects. Previously, 
climate information was accessed through “request for data” 
applications, particularly for large data sets, and was more 
project-focused and ad hoc. 

In 2020, MOHMS and FMS signed a Memorandum of 
Agreement for collaboration to improve meteorological 
observation network coverage in data-sparse areas; to 
facilitate data sharing between the Parties, including 
meteorological data and health-related data on climate-
sensitive diseases; and to enhance the capacity of health 
sector institutions to respond to climate-sensitive health risks, 
based on early warning information provided by FMS and 
development of early warning systems for climate-sensitive 
diseases. The plan was also to improve information systems 
supporting integrated assessment of climate-sensitive health 
risks in management and long-term planning, and to build 
capacity of health sector and key multisectoral partners in 
strengthening data management across sectors. 

MOHMS is now working to develop its climate-based early 
warning system through the Korea International Cooperation 
Agency (KOICA)-funded project, Strengthening Health 
Adaptation Project: Responding to Climate Change in Fiji 
(SHAPE).

RESULT 
An outcome of this collaboration has been the identification 
of the four climate-sensitive diseases (leptospirosis, typhoid, 
dengue and diarrheal disease) for Fiji, with the ambition to 
explore climate change linkages with non-communicable 
disease underway. 

Statistical and spatial analysis training has also been 
integrated into existing divisional and sub-divisional outbreak 
response activities, focusing on identifying relationships 
between disease outbreaks and climate variables (for 
example, rainfall and vector surveillance). With this training, 
the sub-divisional outbreak response teams can correlate 
the relationship between disease outbreaks and climate 
patterns to map out “highly vulnerable” areas. This has 
assisted the teams to better prepare and respond to climatic 
changes in Fiji, including on seasonal timescales, which has 
helped reduce morbidity and mortality from climate-sensitive 
diseases in their sub-divisions.

LIMITATIONS AND LESSONS LEARNED
Communication is vital for information sharing and it is also 
a key limitation. The warnings/forecasts can be delayed, 
and at times irregular or inconsistent. The language used 
is also sometimes too technical for the health workers and 
is not well interpreted for prompt response. Additionally, 
the modality for requesting data still suffers from delays, 
sometimes slowing implementation of projects and/or 
research. However, there is continued consultation with 
FMS to improve on these challenges.

The collaboration has helped the teams 
to better prepare and respond to climatic 
changes in Fiji, including on seasonal 
timescales.

PARTNERS
Fiji Ministry of Health and Medical Services, Fiji 
Meteorological Services, Korea International Cooperation 
Agency, WHO
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Handheld access to actionable heat risk and response 
information in eight global cities 

CHALLENGE 
The health impacts of extreme heat are predictable and 
largely avoidable, provided that city authorities have access 
to timely and location-specific information. With the right 
data and tools, city authorities can identify local hot spots, 
optimize the allocation and management of cooling centres, 
ensure sufficient drinking water spots and cooling spaces 
and communicate the health-related risks of excessive heat. 
Citizens and visitors can plan their daily lives in the city safely 
knowing the risks, and can adapt their routines accordingly. 
The challenge then is to improve access to information so that 
city authorities can reduce heat-related illness and deaths. 

APPROACH
EXTREMA Global148 is a portfolio of digital services based 
on open Earth observation data as well as climate and 
atmosphere models and local data, targeting cities and 
citizens with city-specific customizations. It was originally 
designed to lessen the impacts of heatwaves on public health, 
and to make cities more heat resilient. The core services of 
EXTREMA Global include a free, multilingual mobile app 
that uses data and services to provide the current heat risk 
at the location of the user and recommendations for health 
protection, including directions to the nearest cooling places 
and drinking water spots and public announcements from 
city authorities. The app supports multiple profiles, allowing 
users to check on family members in multiple locations. The 
city authorities access tools and alerts through a dashboard 
to help them manage their resources to reduce heat exposure. 

City authorities also have access to satellite-derived maps 
showing the distribution of surface temperature in order to 
identify hot spots and areas that need intervention, through 
for example, the planning, design and management of urban 
infrastructure.

The smartphone app also has optional modules that allow 
for the integration of air quality data from Copernicus 
Atmospheric Monitoring Service (CAMS) and provision of 
relevant health instructions.

EXTREMA Global services are already being used in the 
municipalities of Athens, Milan, Paris, Rotterdam, Greater 
London (UK), and in Chicago, Tampa and Newark in the USA. 

RESULT 
Athens (Greece) was the first city in which the concept was 
adopted in 2016. City authorities worked to design the app 
to meet the city requirements, and have since included the 
app in the #CoolAthens campaign. They have also included 
the add-on to provide air quality data at the location of the 
user, and use high-resolution temperature distribution maps 
to guide planning. The combination of air quality and heat 
risk proved to be very useful in July 2021 when Athens 
experienced a severe heatwave that lasted 10 days and saw 
temperatures reach about 44 °C, with very poor air quality 
due to nearby wildfires sparked by the heat. 

The EXTREMA app suggests “cool routes” where users can 
walk safely around the city, for example, between tourist 
attractions, a feature much needed for tourists. In July 2023, 
during a heatwave that lasted 14 days, app requests by 
Athenians and visitors reached 10 000 hits. Furthermore, the 
app contributed drastically to strengthening communication 
between the departments of the municipality to exchange 
know-how and data. 

In Milan, hundreds of drinking water spots are mapped in the 
app, making use of the digital infrastructure to also decrease 
the use of plastic bottles. Publicity and dissemination by the 
city authorities play a critical role in the use and impact of 
the app, with peak usage dates coinciding with days in which 
the city promoted the app in the local press. In 2022, the 
app received 6 324 requests for service from Milan. Milan is 
now using digital services to calculate the safest and coolest 
routes for bicycles. 

In Athens, the EXTREMA app supports 
six languages to help tourists find their 
nearest cooling space and the coolest 
route to their destination.

PARTNERS
National Observatory of Athens, Group on Earth 
Observations (GEO), Global Urban Observation and 
Information (GUOI) initiative, ARTi Analytics B.V., 
Copernicus Atmospheric Monitoring Service (CAMS), 
Bloomberg Associates
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CASE STUDY 14

Real-time monitoring and alerts of allergenic 
pollen risk across Europe 

CHALLENGE 
Currently, over 25% of the European population suffer from 
airborne allergies, and this number only continues to grow. 
Climate change affects allergy patients in a multitude of 
ways. For example, rising CO2 levels boost plant growth, 
which increases pollen emissions and thereby exacerbates 
allergies, forcing patients to alter their routines to avoid or 
mitigate the impact of pollen in their daily lives. 

Air pollution, a key driver of climate change, also has negative 
effects on both plants and humans. Air pollution irritates the 
airways of all those exposed, particularly allergy patients, 
and plants produce more allergenic and irritant pollen 
when stressed by pollution. In addition to increased and 
more allergenic pollen, climate change is also changing 
plant distributions across geographic regions. As a result, 
people are being exposed to new types of allergens that 
they may not have been exposed to before. In some cases, 
this causes new allergies in people who have previously 
never suffered. Providing real-time information about the 
levels of aeroallergens, such as pollen and fungal spores, 
can help to significantly improve the quality of life of allergy 
patients. According to WHO the percentage of European 
allergy patients is expected to increase from 25% to 50% 
by 2050.

APPROACH
The EUMETNET AutoPollen Programme is facilitating the 
establishment of a European-wide monitoring network 
to provide information in real time and at high temporal 
resolution to all end users, including allergy patients, medical 
practitioners, forecasters and researchers.

The environmental observations that this network provides 
are dramatically improving the quality of forecasts, and 
help to better diagnose patients, evaluate current and future 
interventions and guide the direction of meaningful research. 
Furthermore, the observations are being extended to cover 
fungal spores, some of which are important agricultural 
pathogens, thus opening up the possibilities of environmental 
monitoring to sectors beyond just human health.

RESULT 
The technology and methods to automatically monitor 
aeroallergens in real time can be applied in any country or 
geographical region. It is possible to modernize observational 
networks to provide real-time information to end users 
globally.

The EUMETNET AutoPollen Programme is helping to prove 
that this is possible across Europe, and creates the potential 
for further networks to grow in other parts of the world. 

LIMITATIONS AND LESSONS LEARNED
Real-time monitoring of aeroallergens is now possible, and is 
helping to provide significantly improved information to end 
users. While developing monitoring networks is a key first 
step, the whole information chain needs to be considered – 
from the initial measurements through to how information 
is communicated publicly in a tailored and targeted way.

Working together with stakeholders from the outset is vital 
– whether with medical practitioners, patient organizations 
or instrument developers. For example, patients and health-
care professionals can use data and communications to 
help mitigate and manage diseases, specifically respiratory 
diseases. National and/or regional governments will have 
easy access to streamlined information that can be translated 
or disseminated in their respective locations.

Real-time observations 
of aeroallergens are 
revolutionizing the 
information available 
to patients and health 
practitioners – and improving 
the health of millions of 
European allergy patients.

PARTNERS
EUMETNET AutoPollen Programme is coordinated by 
the Swiss Federal Office of Meteorology and Climatology 
(MeteoSwiss). The key stakeholders include allergy 
patients, medical practitioners, patient organizations, 
the pharmaceutical industry, high-tech instrument 
manufacturers, national hydrometeorological services, 
decision makers and researchers from a wide range of 
domains such as climate change, agriculture and public 
health.
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CASE STUDY 15

One Health approach helps NOAA to integrate 
weather, water and climate services 

CHALLENGE 
Human health is inextricably linked to the health of other animals 
and the environment, all of which are influenced by the weather 
and climate. However, human health is often addressed as a 
distinct field of its own (for example, medical doctors versus 
veterinarians versus ecologists).

In national governments, these components are often governed 
independently by different agencies, with some supporting 
human health, others managing animal health and others the 
environment. 

This fragmented approach to science, policy and risk management 
may not only lead to inefficiency in fully understanding a health 
problem, but it may also result in lives lost and lost time in 
launching a multisectoral response to extreme weather, infectious 
disease or environmental pollution events. 

Health systems are rarely equipped to understand and handle 
alone the increase in extreme weather events, sea-level rise 
or environmental pressures such as harmful algal blooms or 
wildfires. The National Oceanic and Atmospheric Administration 
(NOAA) has employed a “One Health” approach to help break 
down internal and inter-agency siloes that can lead to better 
service of the government to protect the health of Americans. 

APPROACH
In the USA, many agencies take a One Health approach to 
understanding and managing the interconnected social, 
environmental and animal determinants of health. NOAA is a 
diverse agency that includes weather forecasting, climate data 
and service provision, fisheries management, and ocean and 
coastal management. Its One Health coordination team acts 
as a forum to raise and collaborate on intersectional health 
topics ranging from marine mammal disease, harmful algal 
blooms, extreme heat impacts, air quality and the environmental 
factors influencing vector-borne diseases. It also serves as a 
single point of entry for requests from partners in government 
(Centers for Disease Control and Prevention (CDC), Department 
of Homeland Security, Department of State and so forth) and 
non-governmental stakeholders and partners. 

The One Health team meets monthly, but also collaborates 
through a variety of other agency and multi-agency fora. For 
example, the National Integrated Heat Health Information 
System (NIHHIS), which is led by NOAA and CDC, but inclusive 
of many other agencies, hosts several different inter-agency 
working groups that have addressed heat season messaging, 
technical guidance for exertional heat exposure, and most 
recently, developed and launched Heat.gov to serve as the United 
States Government’s integrated resource for heat and health 
information. Through the One Health team at NOAA, NIHHIS can 
address the issue of heat, considering the downstream impacts 
of extreme heat on human, animal and environmental health.

NOAA’s One Health team also provides climate expertise to 
the United States federal Interagency Crosscutting Group on 
Climate Change and Human Health (CCHHG). Co-led by NOAA, 

CDC and the National Institute of Health (NIH), it helps align 
14 agencies across the United States federal government and 
coordinates, implements, evaluates and communicates federal 
research and scientific activities related to the human health 
impacts of global climate change. The CCHHG has enabled the 
first Climate and Health Assessment (CHA) to synthesize the 
state of the science around climate impacts to health in the 
USA. The CHA informs public health officials, decision makers 
and other stakeholders.

RESULT 
NOAA’s One Health team represents the health capabilities 
and interests of the agency in many ways, enabling NOAA to 
collaborate more seamlessly with other government agencies 
on health-related issues, from disease outbreaks to oil spills and 
extreme weather. For example, the CDC is developing a new 
Vector-borne Disease Strategy. Through the One Health team, 
NOAA provided One Health input to the strategy, incorporating 
consideration of marine mammal disease, vector-borne disease, 
environmental modelling, and seasonal and long-term climate 
information. 

Another example is the CDC’s Heat and Health Tracker which 
provides timely information on daily and weekly rates of 
emergency department visits associated with heat-related 
illnesses using data available through the National Syndromic 
Surveillance Program to public health officials. Users can 
enter their zip code to access tailored information and a heat 
vulnerability index. This climate-informed decision tool is made 
possible through seamless collaboration, data sharing and 
coordination between CDC and NOAA. 

NOAA’s dedicated health experts and One Health team act as an 
internal forum to collaborate on health-related climate science 
and research, operational research, community engagement and 
training, on matters ranging from marine mammal disease to 
extreme heat impacts. This internal function and staffing enable 
NOAA to better engage with and serve other federal agencies 
and partners managing the impacts of climate on human health. 

Breaking down siloes internally and externally 
through a “One Health” approach allows NOAA to 
be a more effective partner in protecting health from 
climate and environmental risks.

PARTNERS
NOAA, WMO/WHO – Global Heat Health Information Network 
(GHHIN), PAHO National Institutes of Health: National 
Institutes of Environmental Health Sciences, Office of Climate 
Change and Health Equity, Centers for Disease Control and 
Prevention, National Center for Emerging Zoonotic and 
Infectious Diseases, Climate and Health Program, United 
States Global Change Research Program Interagency 
Crosscutting Group on Climate Change and Human Health
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CASE STUDY 16

Tracking climate change-related health impacts 
in Europe using evidence-based indicators 

CHALLENGE 
Climate change impacts health through complex 
multidimensional pathways. These impacts include, for 
example, morbidity and mortality related to extreme climatic 
events, such as heatwaves and floods, and changes in the 
length of the transmission season and timing of climate-
sensitive infectious disease outbreaks. 

As one of the world’s biggest contributors to cumulative 
greenhouse gas emissions, countries in the pan-European 
region have a global responsibility to respond to climate 
change and transition to low-carbon economies. While 
evidence and awareness of the health implications of climate 
change are increasing, there is a need for accessible tools and 
ready-to-use information that allow effective communication 
of complex historical, current and projected climate-health 
trends. This information can help inform advocacy and 
climate change decision-making. 

APPROACH
Responding to this need at a European level, the Lancet 
Countdown in Europe (LCDE)149 is a transdisciplinary 
research collaboration to develop indicators that monitor and 
quantify the health impacts of climate change and the health 
co-benefits of climate action since the 1950s. These indicators 
act as summary measures representing the heterogenous 
relationships between climate change and human health. 

A subset of LCDE indicators also feeds into the European 
Climate and Health Observatory (ECHO),150 a partnership 
between the European Commission (EC), European 
Environment Agency (EEA), Copernicus Programme Services, 
European Centre for Disease Prevention and Control (ECDC), 
European Food Safety Authority (EFSA), World Health 
Organization (WHO) Regional Office for Europe, Association 
of Schools of Public Health in Europe (ASPHER), International 
Association of Public Health Institutes (IANPHI) and the LCDE. 

The European Climate and Health Observatory portal provides 
access to information and tools for climate change adaptation 
to the EEA’s 38 member and cooperating countries. To ensure 
the reproducibility, scientific validity and relevance of LCDE 
indicators for policymaking, the project adheres to quality 
criteria mirroring WMO guidelines for climate indicators. 
A wide range of experts are involved in an iterative feedback 
process that further ensures the indicators align with the 
needs of policymakers – including experts affiliated with 
ECHO and its partner organizations, as well as EEA member 
and cooperating country representatives. 

RESULT 
In 2022, the LCDE collaboration developed 33 indicators151 
tracking the health dimensions of climate change across 
five key domains: (i) climate change impacts, exposures 
and vulnerabilities; (ii) adaptation, planning and resilience 
for health; (iii) mitigation actions and health co-benefits; (iv) 
economics and finance; and (v) politics and governance. 
Eleven of these indicators are available as interactive 
visualizations on the ECHO platform,152 including indicators 
on allergenic pollen seasons, health impacts of temperature-
related exposure, and the climatic suitability of several 
infectious diseases (such as dengue, malaria, non-cholera 
Vibrio and West Nile virus). These indicator visualizations 
allow users to interact and engage with the data. For example, 
users can select their country and time period of interest. 

Indicators available on the ECHO platform are updated 
on a yearly basis and complemented with a continuously 
growing set of indicators tracking different aspects of the 
health dimensions of climate change, at an increasingly 
finer scale. This work is instrumental in setting the scene 
for commitments made under the European Green Deal 
and the EU4Health programme 2021–2027 – a vision for a 
healthier European Union, as well as for setting and tracking 
commitments on climate change and health under the WHO 
European Environment and Health Process. 

Accessible tools and 
ready-to-use information 
can enhance effective 
communication of complex 
historical, current and 
projected climate-health 
trends.

PARTNERS
Lancet Countdown Europe (LCDE), European Environment 
Agency (EEA), WHO Regional Office for Europe
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CASE STUDY 17

Enhancing the climate and disaster resilience of the most 
vulnerable settlements in Lao People’s Democratic Republic 

CHALLENGE 
Lao People’s Democratic Republic is one of the most climate-
vulnerable countries in the world, due to its high dependence 
on climate-sensitive natural resources and its low adaptive 
capacity. The country has been increasingly affected by natural 
hazards such as floods, droughts and storms, which often 
trigger secondary hazards such as landslides, fires, infestations 
and outbreaks of disease, causing each year loss of life and 
severe damage to livelihoods and infrastructure. 

In Lao People’s Democratic Republic, floods are projected to 
surge with climate change and deforestation. This will create 
conditions for the spread of vector- and waterborne disease, 
restricted access to clean water and food, inundation of unsafe 
sanitation facilities and isolation from health services. Poor 
communities who live in high-risk areas and already lack access 
to basic health and social services will be impacted the most. 

APPROACH
The project’s main objective was to enhance the climate and 
disaster resilience of the most vulnerable rural and emerging 
urban human settlements in southern Lao People’s Democratic 
Republic by increasing sustainable access to basic infrastructure 
systems and services, emphasizing resilience to storms, floods, 
droughts, landslides and disease outbreaks.

To achieve its objective, the project combined multisectoral 
policy, planning and capacity development initiatives. At its 
core was the delivery of resilient infrastructure and services in 
target settlements that are characterized by a high exposure 
to climate hazards. The key stakeholders were the Ministry 
of Natural Resources and Environment, Ministry of Public 
Works and Transport, provincial and district governments, Lao 
Women’s Union, Lao Youth Union, Lao Front for Construction 
(with representation of ethnic groups), hydrometeorological 
service providers and communities.

Local communities were actively engaged throughout the 
project cycle. The specific needs of women, disabled people 
and ethnic groups were considered at all stages of the project. 
This was accomplished through a community-based approach 
and “People’s Process” – an approach that has been developed 
through the extensive experience of the United Nations 
Human Settlements Programme (UN-Habitat) in supporting 
post-disaster and post-conflict countries in Asia and the Pacific. 
It places people at the centre of the project by mobilizing and 
organizing them to provide input and make decisions.

RESULT 
The project helped to strengthen the institutional capacities 
of the national government and local authorities to increase 
the resilience of human settlements and health and social 
infrastructure systems. It enhanced existing vulnerable 
infrastructure (including health clinics) and constructed new 

resilient infrastructure in response to climate change impacts. 
Enhancement of resilient actions were selected based on 
assessments from field visits and extensive consultations with 
communities, ministries, local authorities, mass organizations 
and development partners, including United Nations agencies 
and civil society organizations. 

Consultations considered climate sensitivity and its 
underpinnings of urbanization dynamics and population 
growth, and underlying vulnerabilities including poverty, 
limited access to basic services such as water, sanitation 
and hygiene (WASH) and health, high percentage of ethnic 
minorities, gender inequalities, weather-dependent livelihoods, 
and limited adaptive capacity at household, community and 
governance level. Based on the vulnerability assessments, 
action plans were developed with specific actions to increase 
resilience in each village. Examples of actions are: improving 
prioritized community infrastructure such as health centres, 
schools, roads or drainage; building small-scale community-
based water infrastructure; and building WASH facilities.

Overall, more than 130 000 people in very remote villages 
in the three southern provinces of Attapeu, Saravane and 
Sekong gained access to clean water, drainage, sanitation 
and health-related infrastructure systems. For long-term 
sustainability, the 189 villages benefited from capacity-building 
activities on climate resilience and sustainable infrastructure 
systems, including training on operation and maintenance 
of climate-resilient infrastructure and implications for land 
use. Twenty vulnerable development sector services and 
infrastructure (including health) assets were strengthened 
in response to climate change impacts, including variability. 
Three provincial climate change action plans were developed, 
including implications for land use, water management and 
infrastructure. Eight district-level climate change action 
plans, highlighting vulnerabilities of human settlements and 
infrastructure systems, were developed, and 100 staff from 
national and sub-national institutions were trained to respond 
to, and mitigate, the impacts of climate-related events. In 
addition, a tool was developed in the form of a database 
containing climate-related data for each of the 189 villages. The 
data is available to be used at the village level and will inform 
the prioritization and planning of future actions, increasing the 
adaptive capacity of these rural villages.

130 000 people gained access to clean 
water, drainage, sanitation and health-
related infrastructure systems.

PARTNERS
Adaptation Fund, UN-Habitat
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CASE STUDY 18

An integrated early warning dengue system in Viet Nam 

CHALLENGE 
In Viet Nam there is currently no system in place to forecast 
the probability of dengue outbreaks. Since 2000, there has 
been an increase of over 100% in the number of cases of 
dengue fever in Viet Nam due to the failure to maintain 
adequate control of the Ae. aegypti species of mosquito that 
spreads dengue fever. Considering the current regional trends 
in dengue epidemics, the setting up of a seasonal dengue 
forecasting system utilizing Earth observation (EO)-based 
information to provide probabilistic predictions of dengue 
outbreaks would greatly assist the Vietnamese Government 
to put cost-effective early actions in place.

From a water resources perspective, seven of the nine major 
river basins that drain to Viet Nam are transboundary in 
nature, and it is estimated that some two thirds of Viet Nam’s 
water resources comes from neighbouring countries, making 
water management challenging. In recent years, countries 
upstream of Viet Nam have increased their water use and Viet 
Nam is currently facing reduction of water flow in the rivers. 
Climate-driven rainfall variability, especially the intensified 
rainfall, is causing flooding and water pollution in various 
old and coastal cities where there are inadequate drainage 
systems. In addition, sea-level rise and land subsidence are 
causing more frequent inundation and water pollution in 
populous and low-land deltas such as the Mekong river delta. 
The development of an EO-based water availability system 
will help the Vietnamese Government to improve its water 
resources monitoring and management in transboundary 
river basins.

The dengue fever and water management challenges are 
similar in other countries in South Asia, and the project 
has now been extended to cover Sri Lanka, Lao People’s 
Democratic Republic, Cambodia, Thailand, the Philippines 
and Malaysia.

APPROACH
The objective was to develop a suite of innovative tools 
that will allow beneficiaries to issue alerts for dengue fever 
(with a view to developing the same for Zika virus, which is 
transmitted by the same mosquito species) and to provide 
assessments of vector-borne disease risk under future climate 
and land-use change scenarios. 

This will allow local communities to mobilize in order to 
pre-emptively eliminate mosquito breeding sites, thus 
reducing incidence of dengue. In combination with better 
outbreak response, the project is expected to contribute 
towards a reduction in dengue incidence over the project 
lifetime.

RESULT
The dengue fever forecasting Model Satellite-based System 
(D-MOSS) project is developing a forecasting system in which 
Earth observation data sets are combined with weather 
forecasts and a hydrological model in order to predict the 
likelihood of future dengue epidemics up to six months in 
advance.153 

The early warning system includes a water availability 
component. Although water availability directly impacts 
dengue epidemics, due to the provision of mosquito breeding 
sites, it is rarely accounted for in dengue prediction models. 
The water availability forecasts are fed into statistical 
forecasting models of disease incidence, which integrate a 
range of other covariates important for dengue transmission 
(such as the number of dengue cases, land-cover, precipitation 
and temperature).

Key lessons from Viet Nam include the importance of 
national ownership and downscaling of climate data for 
local forecasting, and allocation of resources for timely early 
warning and response.

Since 2000, there has been an 
increase of over 100% in the 
number of cases of dengue 
fever in Viet Nam.

PARTNERS
United Nations Development Programme (UNDP), WHO 
and a consortium led by HR Wallingford
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CASE STUDY 19

Identifying malaria risk in Niger 

CHALLENGE 
Malaria is a parasitic disease transmitted by Anopheles 
mosquitoes. According to WHO, malaria infected 247 million 
people in 2021, leading to 619 000 deaths, making it the 
deadliest parasitic disease in the world. According to the 
World Malaria Report 2020, 29 countries alone recorded 95% 
of cases and deaths, including ten West African countries 
(including Niger, accounting for 3%) and India (which recorded 
70% of cases).154 

As a vector-borne disease, malaria is sensitive to variations in 
temperature, humidity and rainfall, which influence the vector 
habitat and parasite development. It is therefore important 
to deepen our knowledge of the local climate and how it is 
changing in order to better control the incidence and spread 
of malaria. Few studies have considered the effect of climate 
on malaria in Niger to describe the relationships between the 
variation of key climatic parameters and malaria to inform 
the malaria control strategies and policies in Niger.

APPROACH
Niger’s Climate and Health Bulletin is produced by the 
multidisciplinary Climate-Health Group, using a consensus-
based approach for development through co-development 
with the health sector. Since its launch in 2017, it has 
provided an analysis of the climactic conditions as well as 
an epidemiological overview of areas with potentially high 
malaria transmission in Niger. Other diseases could also 
be assessed, according to the needs identified in annual 
planning meetings.

RESULT 
Thanks to the Climate and Health Bulletins, recommendations 
and advice were sent to the various users, including health 
organizations, humanitarian partners, decision makers and 
the general public. 

LIMITATIONS AND LESSONS LEARNED
The various working groups have functioned with the support 
of the United States Agency for International Development 
(USAID), and the World Food Programme (WFP). A funding 
gap in 2019 prevented the development of the bulletin, and 
insufficient funding has limited the implementation of the 
National Framework for Climate Services in Niger. 

Limited training of the technicians who produce the analyses 
in epidemiological techniques and statistics means there 
have been limited methodological improvements in the 
sensitivity analyses.

Limited participation of group members in the various 
validation meetings is a significant constraint, and therefore 
certain points of expertise are missing in the production of 
the bulletin. The lack of reliable data, such as those on vector 
breeding sites, also limits the analyses.

The skills developed by the experts 
enabled them to understand that there 
is indeed an association between the 
variability of key climatic parameters and 
the proliferation of mosquitoes.

PARTNERS
Centre Africain des Applications de la Météorologie pour 
le Développement, Centre de Recherche Médicale et 
Sanitaire, Direction des Statistiques Sanitaires, Direction 
de la Surveillance et de la Riposte aux Epidémies, 
Hôpital National de Niamey, Direction des Médias 
Communautaires, Office de Radiodiffusion et Télévision 
du Niger, Université Abdou Moumouni de Niamey
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Data and methods 
WMO collects self-reported data from its Members 
(represented by the designated National Meteorological 
and Hydrological Services (NMHSs)) based on a framework 
developed by WMO intergovernmentally-appointed experts. 
The present report assesses the capacities of Members’ 
NMHSs to provide climate services to health sector actors 
based on data currently available for 174 (90%) Members, as of 
May 2023. These include 96% of the world’s least developed 
countries (LDCs) and 57% of small island developing States 
(SIDS). The data used for assessing the capacities of 
Members’ NMHSs to provide the weather services is based 
on data currently available from 118 Members (61% of WMO 
Members).

WMO Members’ NMHSs assess their own capacity for 
providing weather and climate services, and document 
associated socioeconomic outcomes and benefits through 
a survey that addresses functional capacities across the 
services value cycle. Functional capacities assessed are 
organized into six groups: 

1. Governance

2. Basic systems

3. User interface

4. Capacity development

5. Provision and application of weather and climate 
services

6. Monitoring and evaluation of socioeconomic benefits.

Many of these functional capacities constitute “basic”, 
“essential”, “full” or “advanced” functionalities, according 
to defined technical criteria. The percentages of the 
functionalities in place in each functional group for each 
capacity level provide a basis for assessing Member 
capacities and needs in each area, and for categorizing the 
overall level of service provided by the Member according 
to WMO criteria. Quality assurance procedures based on 
WMO and International Organization for Standardization 
(ISO) standards are currently being applied to these data in 
a selected number of Members, limited to climate services 
aspects.155 

In addition, self-reported data on progress to address climate 
and health from 88 countries are derived from a biennial 
survey of Ministries of Health conducted by WHO in 2021.156 
Data on three indicators which capture the use of climate 
information have been used: the conduct of climate and health 
vulnerability and adaptation assessments; the presence of 
health surveillance systems that use meteorological data; and 

climate-informed warning systems. The results presented in 
the present report are from the countries which have provided 
these data. The analysis of climate policy priorities utilized 
existing analysis of 193 NDCs carried out by WHO, as well 
as National Adaptation Plans (NAPs) and Health NAPs.157,158 

Data from the WMO Country Profile Database were also 
used for the analysis of weather capacities and heatwave 
warning systems as part of the section on extreme heat, as 
well as data collected by the Global Heat Health Information 
Network159 of WMO and WHO.

Further insights and analysis on the use, benefit, opportunities 
and challenges in the application of climate science to 
health-specific issues have been derived and cited from 
peer-reviewed scientific literature, and WMO and WHO 
technical reports.

The section on investment describes climate adaptation and 
research investments made by partners: the Green Climate 
Fund (GCF), Agence Française de Développement (AFD), 
Global Environment Facility (GEF), Climate Risks and Early 
Warning Systems (CREWS), Wellcome Trust and Belmont 
Forum.

Case studies provided by national and international 
development partners highlight how climate information 
services contribute to health outcomes and health system 
resilience. Some case studies were supported by research 
by students from the Graduate Institute of International 
and Development Studies (Geneva) and the University of 
Cambridge (UK).

The report was peer-reviewed by experts from the WMO 
Services Commission Study Group on Integrated Health 
Services.

Note: WMO and WHO country surveys are voluntary and 
self-reported. Therefore, both data sets contain reporting 
bias, data gaps and potential variation in responses due to 
the subjective nature of the questions. The survey questions 
do not reflect whether data is national or resulting from 
regional or global products. They do not reflect the potential 
use of all-sector forecasts or outlooks which are accessed 
and used by the health sector, nor climate services which 
may be provided by other sources than the NMHS.

Indicators used to monitor health sector use is limited to 
reflect use by ministries of health, which represent only one 
key actor in the health sector.
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All case study 
contributors 
The following organizations and individuals contributed 
to the present report with additional case studies for the 
WMO-WHO ClimaHealth.info portal:

Aerosol and Climate Lab, Lund University, Sweden: Chuansi 
Gao 
AGRIMOD Limited, Democratic Republic of Congo: Cirhuza 
Birhaheka Onesphore 
Deutscher Wetterdienst (German Meteorological Service): 
Gudrun Laschewski, Stefan Muthers 
Direction Générale de la Météorologie (Madagascar): Anzela 
Ramarosandratana 
Ethiopia Meteorology Institute: Dereba Muleta, Xiao-San 
Luo, Asaminew Teshome 
Finnish Meteorological Institute: Reija Ruuhela 
Harvard University: Barrak Alahmad 
Hong Kong Observatory: Lee Tsz-Cheung 
India Meteorological Department: Divya Surendran 
Meteorological Services of Mali: Ismahila Koumare 
Predict Services, France: Raphaël Bertrand 
Public Health Unit North of Lisbon (ACES): Ana Margarida 
Alho 
Space Climate Observatory (SCO): Frédéric Bretar 
Sri Sri University, Odisha, India: Ashutosh Mohanty 
United Nations University Institute on Comparative Regional 
Integration Studies: Nidhi Nagabahtla 
University of Reading: Claudia Di Napoli 
Vector Biology and Control Division, Ministry of Health and 
Wellness of Mauritius: Diana Pillay Iyaloo 

LIST OF ALL PARTNER ORGANIZATIONS OF 
CASE STUDIES: 
Argentina National Space Activities Commission 
ARTi Analytics 
Assurance Services International 
Barcelona Supercomputing Center
Australian Radiation and Nuclear Safety Agency 
Barbados Meteorological Services 
Barbados Ministry of Health 
Bureau of Meteorology (Australia)
Caribbean Institute for Meteorology and Hydrology
Caribbean Public Health Agency (CARPHA)
Catalan Institution for Research and Advanced Studies 
(ICREA)
Centres for Disease Control and Prevention 
Centre Africain des Applications de la Météorologie pour le 
Développement 

China National Space Administration 
Climate and Health Program  
Climate Risk Management Solutions (France) 
Comprehensive Health Research Center 
Copernicus Atmospheric Monitoring Service (CAMS) 
Cornwall Council 
Delhi University 
Département de Géographie and Centre pour l’étude et la 
simulation du climat à l’échelle régionale (ESCER) (Canada)
Department of Environment, Ministry of Health and 
Environment, Government of Antigua, and Barbuda 
Directorate of Health Services, Government of Kerala 
Ethiopia Disaster Risk Management Commission 
Environmental Management Protection Authority 
Ethiopia Public Health Institute 
Ethiopia Red Cross Society 
European Environment Agency (EEA) 
European Organization for the Exploitation of Meteorological 
Satellites (EUMETSAT) 
European Space Agency 
European Union 
Federal Public Planning Service Science Policy 
Finnish Meteorological Institute 
France Centre National de la Recherche Scientifique (CNRS)
France Office National des Forêts 
French Agricultural Research Centre for International 
Development 
French Centre for Studies and Expertise on Risks, the 
Environment, Mobility and Urban Planning 
French National Centre for Space Studies (CNES)
French National Research for Agriculture, Food and 
Environment 
French Naval Hydrographic and Oceanographic Service 
French Red Cross 
FritzdorfSport (Sweden)
Gabonese Agency for Space Studies and Observations 
Indian Space Research Organisation 
Institut de Recherche pour le Développement (IRD)
Geo-Informatics and Space Technology Development Agency 
German Red Cross 
Ghent University 
Global Urban Observation and Information (GUOI) initiative 
Hôpital National de Niamey 
HR Wallingford 
International Guardianship Network 

67



India Centre for Environment Education and Development 
Institut Pasteur de Nouvelle Calédonie (IPNC) (France)
Institut Pasteur du Cambodge (IPC) 
Institut Pasteur du Lao People’s Democratic Republic (IPL)
Institut Pasteur (IP) (France)
Institute for Climate Change Studies 
Inter-American Development Bank 
International Federation for Red Cross and Red Crescent 
Societies 
International Labour Organization 
International Society for Photogrammetry and Remote 
Sensing 
Jawaharlal Nehru University 
Kenya Meteorological Department 
Koninklijk Nederlands Meteorologisch Instituut 
Korea International Cooperation Agency 
Kuwait University 
L’Office français de la biodiversité 
London School of Hygiene and Tropical Medicine 
Lund University (Sweden)
Malta Council for Science and Technology 
Météo-France 
Meteorological Services of Fiji 
Mexican space agency 
Ministry of Health and Medical Services of Fiji 
Ministry of Health of Argentina 
Ministry of Health, Water and Energy of Ethiopia 
Nanjing University of Information Science and Technology 
National Centre for Emerging Zoonotic and Infectious 
Diseases 
National Drought Management Authority 
National Health Laboratory of Myanmar 
National Institute of Hygiene and Epidemiology of Viet Nam 
National School of Public Health Lisbon (Portugal) 
National Standardized Assessments for Scotland 
Netherlands Red Cross 
Niger Centre de Recherche Médicale et Sanitaire 
Niger Direction de la Surveillance et de la Riposte aux 
Epidémies 
Niger Direction des Médias Communautaires 
Niger Direction des Statistiques Sanitaires 
Office de Radiodiffusion et Télévision du Niger 
Office for Space Technology and Industry of Singapore 
Pakistan Meteorology Department 
Pan American Health Organization
Philippine Space Agency 
Portugal Space 
Pysy Pystyssä (Stay on your feet) Campaign 
Regional Public Health Services (VGGM) (Kingdom of the 
Netherlands)
Research Institute for Tropical Medicine (Philippines) 

Réseau Inondations InterSectoriel du Québec: Philippe 
Gachon 
Senior Citizen Home Safety Association 
Service Santé Environnement (Ministère de la Santé 
Publique-Madagascar) 
Six Sigma Global Institute 
Slovak Space Office 
Space Agency of the Republic of Azerbaijan 
Space Climate Observatory 
Sub-dirección de Salud Ambiental del Ministerio de Salud 
of Colombia 
Sub-dirección de Vigilancia Epidemiológica del Instituto 
Nacional de Salud (INS) of Colombia 
Sub-directorate of Environmental Health of the Ministry of 
Health of Colombia 
Technical University of Denmark 
The Chinese University of Hong Kong 
The Mauritius Meteorological Services 
The University of Hong Kong 
Then Try This (United Kingdom)
Turing Institute 
United Kingdom Foreign, Commonwealth and Development 
Office 
United Kingdom Space Agency 
United Arab Emirates Space Agency 
United International Federation of Youth for Water and 
Climate 
United Nations Environment Programme 
United Nations Human Settlements Programme 
United Nations Office for Outer Space Affairs 
United Nations University – Institute for Environment and 
Human Security 
United Nations University – Maastricht Economic and Social 
Research Institute on Innovation and Technology 
United States Public Health Research Centre 
Université Abdou Moumouni de Niamey 
Université de la Réunion (France) 
Université du Québec à Montréal 
University Lisbon (NOVA) 
University of Bern 
University of Copenhagen (Denmark)
University of Sciences and Technology of Hanoi (Viet Nam) 
University of Sussex 
Uttarakhand Health and Family Welfare Society 
UTU-Uttarakhand 
Vrije University Amsterdam (Kingdom of the Netherlands)
WHO Regional Office for Europe (WHO/Europe) 
WMO/WHO – Global Heat Health Information Network 
World Bank 
World Food Programme 
Yale University 

68



69



ENDNOTES
1 Air quality, water quality, food security, shelter, economics, 
livelihoods, equity and access to health care, and social 
support structures.

2 Intergovernmental Panel on Climate Change (IPCC), 
Working Group II – Impacts, Adaptation and Vulnerability. 
Fact sheet – Health: Climate Change Impacts and Risks. 2023. 
https://www.ipcc.ch/report/ar6/wg2/downloads/outreach/
IPCC_AR6_WGII_FactSheet_Health.pdf.

3 World Health Organization (WHO). WHO Review of 
Health in Nationally Determined Contributions and Long-
term Strategies: Health at the Heart of the Paris Agreement; 
WHO, 2023. https://apps.who.int/iris/handle/10665/372276.

4 World Health Organization (WHO). Health in National 
Adaptation Plans: Review; WHO: Geneva, 2021. https://www.
who.int/publications/i/item/9789240023604.

5 Zhao, Q.; Guo, Y.; Ye, T. et al. Global, Regional, and National 
Burden of Mortality Associated with Non-optimal Ambient 
Temperatures from 2000 to 2019: A Three-stage Modelling 
Study. Lancet Planet Health 2021, 5 (7), e415–e425. https://
doi.org/10.1016/S2542-5196(21)00081-4.

6 Clean Air Fund (CAF) and Climate Policy Initiative 
(CPI). The State of Global Air Quality Funding 2023. 
ht tps://www.climatepolicyinitiative.org/publication/
the-state-of-global-air-quality-funding-2023/.

7 Alcayna, T.; O’Donnell, D.; Chandaria, S. How Much 
Bilateral and Multilateral Climate Adaptation Finance is 
Targeting the Health Sector? A Scoping Review of Official 
Development Assistance Data Between 2009–2019. PLOS 
Global Public Health 2023, 3 (6). https://doi.org/10.1371/journal.
pgph.0001493.

8 https://www.undrr.org/gar/gar2022-our-world-risk-gar

9 United Nations Office for Disaster Risk Reduction 
(UNDRR) and World Meteorological Organization 
(WMO). Global Status of Multi-hazard Warning Systems: 
Target G; UNDRR, 2022. https://www.undrr.org/publication/
global-status-multi-hazard-early-warning-systems-target-g.

10 https://www.who.int/news-room/fact-sheets/detail/
climate-change-and-health

11 WHO Constitution, 1946. https://www.who.int/about/
governance/constitution. 

12 https://www.who.int/news-room/fact-sheets/detail/
climate-change-and-health

13 World Meteorological Organization (WMO). 2020 State 
of Climate Services: Risk Information and Early Warning 
Systems (WMO-No. 1252). Geneva, 2020.

14 Pörtner, H.-O.; Roberts, D. C.; Adams, H. et al. Technical 
Summary. In Climate change 2022: Impacts, Adaptation 
and Vulnerability. Contribution of Working Group II to the 
Sixth Assessment Report of the Intergovernmental Panel on 
Climate Change. Pörtner, H.-O.; Roberts, D. C.; Tignor, M. et 
al., Eds.; Cambridge University Press: Cambridge, UK and 
New York, USA, 2022. https://www.ipcc.ch/report/ar6/wg2/
chapter/technical-summary/.

15 Since 2017, data from the Lancet Countdown on Health 
and Climate Change, an impact monitoring initiative, has 
quantified the rapidly growing human cost of climate change, 
which is affecting the environmental, socioeconomic and 

behavioural conditions on which good health depends, and 
putting the health and survival of people across the world 
at risk.

16 Centers for Disease Control and Prevention. Heat Stress in 
Older Adults web page, 2017. https://www.cdc.gov/disasters/
extremeheat/older-adults-heat.html.

17 Romanello, M.; Di Napoli, C.; Drummond, P. et al. 
The 2022 Report of the Lancet Countdown on Health and 
Climate Change: Health at the Mercy of Fossil Fuels. The 
Lancet 2022, 400 (10363), 1619–54. https://doi.org/10.1016/
S0140-6736(22)01540-9.

18 Kjellstrom, T.; Maître, N.; Saget, C. et al. Working on 
a Warmer Planet: The Impact of Heat Stress on Labour 
Productivity and Decent Work. International Labour Office 
(ILO): Geneva, 2019. https://www.preventionweb.net/
publication/working-warmer-planet-impact-heat-stress-
labour-productivity-and-decent-work.

19 Flouris, A. D.; Dinas, P. C.; Ioannou, L. G. et al. Workers’ 
Health and Productivity Under Occupational Heat Strain: 
A Systematic Review and Meta-analysis. The Lancet 
Planetary Health 2018, 2 (12), e521–31. https://doi.org/10.1016/
S2542-5196(18)30237-7. 

20 Schnitter, R.; Berry, P. The Climate Change, Food Security 
and Human Health Nexus in Canada: A Framework to Protect 
Population Health. International Journal of Environmental 
Research and Public Health 2019, 16 (14). https://doi.
org/10.3390/ijerph16142531.

21 World Bank. Climate Explainer: What You Need to Know 
About Food Security and Climate Change web page, 2022. 
https://www.worldbank.org/en/news/feature/2022/10/17/
what-you-need-to-know-about-food-security-and-climate-
change.

22 Romanello, M.; Di Napoli, C.; Drummond, P. et al. 
The 2022 Report of the Lancet Countdown on Health and 
Climate Change: Health at the Mercy of Fossil Fuels. The 
Lancet 2022, 400 (10363), 1619–54. https://doi.org/10.1016/
S0140-6736(22)01540-9.

23 Colón-González, F. J.; Sewe, M. O.; Tompkins, A. M. 
et al. Projecting the Risk of Mosquito-borne Diseases in a 
Warmer and More Populated World: A Multi-model, Multi-
scenario Intercomparison Modelling Study. The Lancet 
Planetary Health 2021, 5 (7), e404–14. https://doi.org/10.1016/
S2542-5196(21)00132-7.

24 https://www.who.int/news-room/fact-sheets/detail/
human-rights-and-health

25 Intergovernmental Panel on Climate Change (IPCC), 
Working Group II – Impacts, Adaptation and Vulnerability. 
Fact sheet – Health: Climate Change Impacts and Risks. 2023. 
https://www.ipcc.ch/report/ar6/wg2/downloads/outreach/
IPCC_AR6_WGII_FactSheet_Health.pdf.

26 Romanello, M.; Di Napoli, C.; Drummond, P. et al. 
The 2022 Report of the Lancet Countdown on Health and 
Climate Change: Health at the Mercy of Fossil Fuels. The 
Lancet 2022, 400 (10363), 1619–54. https://doi.org/10.1016/
S0140-6736(22)01540-9.

27 2021 WHO data on International Health Regulations: https://
www.who.int/health-topics/international-health-regulations

https://www.ipcc.ch/report/ar6/wg2/downloads/outreach/IPCC_AR6_WGII_FactSheet_Health.pdf
https://www.ipcc.ch/report/ar6/wg2/downloads/outreach/IPCC_AR6_WGII_FactSheet_Health.pdf
https://apps.who.int/iris/handle/10665/372276
https://www.who.int/publications/i/item/9789240023604
https://www.who.int/publications/i/item/9789240023604
https://doi.org/10.1016/S2542-5196(21)00081-4
https://doi.org/10.1016/S2542-5196(21)00081-4
https://www.climatepolicyinitiative.org/publication/the-state-of-global-air-quality-funding-2023/
https://www.climatepolicyinitiative.org/publication/the-state-of-global-air-quality-funding-2023/
https://doi.org/10.1371/journal.pgph.0001493
https://doi.org/10.1371/journal.pgph.0001493
https://www.undrr.org/gar/gar2022-our-world-risk-gar
https://www.undrr.org/publication/global-status-multi-hazard-early-warning-systems-target-g
https://www.undrr.org/publication/global-status-multi-hazard-early-warning-systems-target-g
https://www.who.int/news-room/fact-sheets/detail/climate-change-and-health
https://www.who.int/news-room/fact-sheets/detail/climate-change-and-health
https://www.who.int/about/governance/constitution
https://www.who.int/about/governance/constitution
https://www.who.int/news-room/fact-sheets/detail/climate-change-and-health
https://www.who.int/news-room/fact-sheets/detail/climate-change-and-health
https://library.wmo.int/records/item/57191-2020-state-of-climate-services-risk-information-and-early-warning-systems
https://library.wmo.int/records/item/57191-2020-state-of-climate-services-risk-information-and-early-warning-systems
https://library.wmo.int/records/item/57191-2020-state-of-climate-services-risk-information-and-early-warning-systems
https://www.ipcc.ch/report/ar6/wg2/chapter/technical-summary/
https://www.ipcc.ch/report/ar6/wg2/chapter/technical-summary/
https://www.thelancet.com/countdown-health-climate
https://www.thelancet.com/countdown-health-climate
https://www.cdc.gov/disasters/extremeheat/older-adults-heat.html
https://www.cdc.gov/disasters/extremeheat/older-adults-heat.html
https://doi.org/10.1016/S0140-6736(22)01540-9
https://doi.org/10.1016/S0140-6736(22)01540-9
https://www.preventionweb.net/publication/working-warmer-planet-impact-heat-stress-labour-productivity-and-decent-work
https://www.preventionweb.net/publication/working-warmer-planet-impact-heat-stress-labour-productivity-and-decent-work
https://www.preventionweb.net/publication/working-warmer-planet-impact-heat-stress-labour-productivity-and-decent-work
https://doi.org/10.1016/S2542-5196(18)30237-7
https://doi.org/10.1016/S2542-5196(18)30237-7
https://doi.org/10.3390/ijerph16142531
https://doi.org/10.3390/ijerph16142531
https://www.worldbank.org/en/news/feature/2022/10/17/what-you-need-to-know-about-food-security-and-climate-change
https://www.worldbank.org/en/news/feature/2022/10/17/what-you-need-to-know-about-food-security-and-climate-change
https://www.worldbank.org/en/news/feature/2022/10/17/what-you-need-to-know-about-food-security-and-climate-change
https://doi.org/10.1016/S0140-6736(22)01540-9
https://doi.org/10.1016/S0140-6736(22)01540-9
https://doi.org/10.1016/S2542-5196(21)00132-7
https://doi.org/10.1016/S2542-5196(21)00132-7
https://www.who.int/news-room/fact-sheets/detail/human-rights-and-health
https://www.who.int/news-room/fact-sheets/detail/human-rights-and-health
https://www.ipcc.ch/report/ar6/wg2/downloads/outreach/IPCC_AR6_WGII_FactSheet_Health.pdf
https://www.ipcc.ch/report/ar6/wg2/downloads/outreach/IPCC_AR6_WGII_FactSheet_Health.pdf
https://doi.org/10.1016/S0140-6736(22)01540-9
https://doi.org/10.1016/S0140-6736(22)01540-9
https://www.who.int/health-topics/international-health-regulations
https://www.who.int/health-topics/international-health-regulations


28 World Health Organization (WHO). 2023 WHO Review of 
Health in Nationally Determined Contributions and Long-term 
Strategies: Health at the Heart of the Paris Agreement; WHO: 
Geneva, 2023. https://apps.who.int/iris/handle/10665/372276.

29 World Health Organization (WHO). Health in National 
Adaptation Plans: Review; WHO: Geneva, 2021. https://www.
who.int/publications/i/item/9789240023604.

30 World Health Organization. (WHO). 2023 WHO Review of 
Health in Nationally Determined Contributions and Long-term 
Strategies: Health at the Heart of the Paris Agreement; WHO: 
Geneva, 2023. https://apps.who.int/iris/handle/10665/372276.

31 World Health Organization (WHO). 2023 WHO Review of 
Health in Nationally Determined Contributions and Long-term 
Strategies: Health at the Heart of the Paris Agreement; WHO: 
Geneva, 2023. https://apps.who.int/iris/handle/10665/372276.

32 https://www.atachcommunity.com/the-challenge/
cop26-health-commitments/

33 See World Health Organization (WHO). Operational 
Framework for Building Climate Resilient Health Systems; 
WHO: Geneva, 2015. https://www.who.int/publications/i/
item/9789241565073.

34 Shumake-Guillemot, J.; Fernandez-Montoya, L. Eds. 
Climate Services for Health: Improving Public Health Decision-
making in a New Climate; WHO and WMO: Geneva, 2019.

35 Shumake-Guillemot, J.; Fernandez-Montoya, L. Eds. 
Climate Services for Health: Improving Public Health Decision-
making in a New Climate; WHO and WMO, 2019.

36 Shumake-Guillemot, J.; Fernandez-Montoya, L. Eds. 
Climate Services for Health: Improving Public Health Decision-
making in a New Climate; WHO and WMO: Geneva, 2019.

37 Fletcher, I. K.; Stewart-Ibarra, A. M.; García-Díez, M. et 
al. Climate Services for Health: From Global Observations 
to Local Interventions, Med 2021, 2 (4), 355–361. https://doi.
org/10.1016/j.medj.2021.03.010.

38 Fouillet, A.; Rey, G.; Wagner, V. et al. Has the Impact of 
Heatwaves on Mortality Changed in France Since the European 
Heatwave of Summer 2003? A Study of the 2006 Heatwave. 
International Journal of Epidemiology 2008, 37 (2), 309–317. 
https://doi.org/10.1093/ije/dym253.

39 Shumake-Guillemot, J.; Fernandez-Montoya, L. Eds. 
Climate Services for Health: Improving Public Health Decision-
making in a New Climate; WHO and WMO, 2019.

40 Shumake-Guillemot, J.; Fernandez-Montoya, L. Eds. 
Climate Services for Health: Improving Public Health Decision-
making in a New Climate; WHO and WMO, 2019.

41 Shumake-Guillemot, J.; Fernandez-Montoya, L. Eds. 
Climate Services for Health: Improving Public Health Decision-
making in a New Climate, WHO and WMO: Geneva, 2019.

42 Di Napoli, C.; Romanello, M.; Minor, K. et al. The Role of 
Global Reanalyses in Climate Services for Health: Insights 
from the Lancet Countdown. Meteorological Applications 
2023, 30 (2). https://doi.org/10.1002/met.2122.

43 World Meteorological Organization (WMO). Capacity 
Development for Climate Services: Guidelines for National 
Meteorological and Hydrological Services (WMO-No. 1247). 
Geneva, 2020.

44 ht tps: //public .wmo.int /en/our-mandate/climate/
regional-climate-centres

45 WMO Climate Service Checklist, 2023

46 World Meteorological Organization (WMO). Guide to 
Climatological Practices (WMO-No. 100). Geneva, 2018.

47 Climate services are to be co-developed with relevant 
stakeholders and, in some cases, led by other institutions, 
with guidance and support from NMHSs. The data in the 
present report do not reflect services provided by other 
institutions.

48 See Cg-19/INF. 4.1(8) in the Progress Report of the World 
Meteorological Congress: Abridged Final Report of the 
Nineteenth Session (WMO-No. 1326).

49 Thomson, M. C.; Mason, S. J., Eds. Climate Information for 
Public Health Action, 1st ed.; Routledge, 2018. https://www.
routledge.com/Climate-Information-for-Public-Health-Action/
Thomson-Mason/p/book/9781138069640.

50 World Health Organization (WHO). 2021 WHO Health and 
Climate Change Global Survey Report. WHO: Geneva, 2021. 
https://www.who.int/publications/i/item/9789240038509.

51 World Health Organization (WHO). 2021 WHO Health and 
Climate Change Global Survey Report. WHO: Geneva, 2021. 
https://www.who.int/publications/i/item/9789240038509.

52 World Health Organization (WHO). 2021 WHO Health and 
Climate Change Global Survey Report. WHO: Geneva, 2021. 
https://www.who.int/publications/i/item/9789240038509.

53 Romanello, M.; Di Napoli, C.; Drummond, P. et al. 
The 2022 Report of the Lancet Countdown on Health and 
Climate Change: Health at the Mercy of Fossil Fuels. The 
Lancet 2022, 400 (10363), 1619–54. https://doi.org/10.1016/
S0140-6736(22)01540-9.

54 Trotman, A.; Mahon, R. ; Shumake-Guillemot, J. et al. 
Strengthening Climate Services for the Health Sector in the 
Caribbean. WMO Bulletin 67 (2) – Climate Change: Science 
and Solutions, 14–19; World Meteorological Organization 
(WMO): Geneva, 2018.

55 Viennet, E.; Harley, D. Climate Services for Health: 
Cooperation for Climate Informed Dengue Surveillance. 
The Lancet Planetary Health 2017, 1 (4), e126–e127. https://
doi.org/10.1016/S2542-5196(17)30065-7.

56 Guentchev, G.; Palin, E. J.; Lowe, J. A. et al. Upscaling of 
Climate Services – What Is It? A Literature Review. Climate 
Services 2023, 30. https://doi.org/10.1016/j.cliser.2023.100352.

57 See SERCOM-2/INF. 5.10(3a) in the Progress Report 
of Commission for Weather, Climate, Water and Related 
Environmental Services and Applications: Abridged Final 
Report of the Second Session (WMO-No. 1307).

58 https://interactive.carbonbrief.org/half-global-population-
saw-all-time-record-temperatures-over-past-decade/

59 World Meteorological Organization (WMO). State of the 
Global Climate 2022 (WMO-No. 1316). Geneva, 2023.

60 https://climate.copernicus.eu/ESOTC

61 World Meteorological Organization (WMO). State of the 
Climate in Europe 2022 (WMO-No. 1320). Geneva, 2023.

71

https://apps.who.int/iris/handle/10665/372276
https://www.who.int/publications/i/item/9789240023604
https://www.who.int/publications/i/item/9789240023604
https://apps.who.int/iris/handle/10665/372276
https://apps.who.int/iris/handle/10665/372276.
https://www.atachcommunity.com/the-challenge/cop26-health-commitments/
https://www.atachcommunity.com/the-challenge/cop26-health-commitments/
https://www.who.int/publications/i/item/9789241565073
https://www.who.int/publications/i/item/9789241565073
https://library.wmo.int/records/item/41941-climate-services-for-health-improving-public-health-decision-making-in-a-new-climate
https://library.wmo.int/records/item/41941-climate-services-for-health-improving-public-health-decision-making-in-a-new-climate
https://library.wmo.int/records/item/41941-climate-services-for-health-improving-public-health-decision-making-in-a-new-climate
https://library.wmo.int/records/item/41941-climate-services-for-health-improving-public-health-decision-making-in-a-new-climate
https://library.wmo.int/idurl/4/41941
https://library.wmo.int/idurl/4/41941
https://doi.org/10.1016/j.medj.2021.03.010
https://doi.org/10.1016/j.medj.2021.03.010
https://doi.org/10.1093/ije/dym253
https://library.wmo.int/records/item/41941-climate-services-for-health-improving-public-health-decision-making-in-a-new-climate
https://library.wmo.int/records/item/41941-climate-services-for-health-improving-public-health-decision-making-in-a-new-climate
https://library.wmo.int/records/item/41941-climate-services-for-health-improving-public-health-decision-making-in-a-new-climate
https://library.wmo.int/records/item/41941-climate-services-for-health-improving-public-health-decision-making-in-a-new-climate
https://library.wmo.int/records/item/41941-climate-services-for-health-improving-public-health-decision-making-in-a-new-climate
https://library.wmo.int/records/item/41941-climate-services-for-health-improving-public-health-decision-making-in-a-new-climate
https://doi.org/10.1002/met.2122
https://library.wmo.int/records/item/57056-capacity-development-for-climate-services-guidelines-for-national-meteorological-and-hydrological-servi
https://library.wmo.int/records/item/57056-capacity-development-for-climate-services-guidelines-for-national-meteorological-and-hydrological-servi
https://library.wmo.int/records/item/57056-capacity-development-for-climate-services-guidelines-for-national-meteorological-and-hydrological-servi
https://public.wmo.int/en/our-mandate/climate/regional-climate-centres
https://public.wmo.int/en/our-mandate/climate/regional-climate-centres
https://library.wmo.int/records/item/60113-guide-to-climatological-practices
https://library.wmo.int/records/item/60113-guide-to-climatological-practices
https://library.wmo.int/records/item/67177-world-meteorological-congress
https://library.wmo.int/records/item/67177-world-meteorological-congress
https://library.wmo.int/records/item/67177-world-meteorological-congress
https://www.routledge.com/Climate-Information-for-Public-Health-Action/Thomson-Mason/p/book/9781138069640
https://www.routledge.com/Climate-Information-for-Public-Health-Action/Thomson-Mason/p/book/9781138069640
https://www.routledge.com/Climate-Information-for-Public-Health-Action/Thomson-Mason/p/book/9781138069640
https://www.who.int/publications/i/item/9789240038509
https://www.who.int/publications/i/item/9789240038509
https://www.who.int/publications/i/item/9789240038509
https://doi.org/10.1016/S0140-6736(22)01540-9
https://doi.org/10.1016/S0140-6736(22)01540-9
https://library.wmo.int/records/item/46239-vol-67-2-2018
https://doi.org/10.1016/S2542-5196(17)30065-7
https://doi.org/10.1016/S2542-5196(17)30065-7
https://doi.org/10.1016/j.cliser.2023.100352
https://library.wmo.int/records/item/39647-commission-for-weather-climate-water-and-related-environmental-services-and-applications
https://library.wmo.int/records/item/39647-commission-for-weather-climate-water-and-related-environmental-services-and-applications
https://library.wmo.int/records/item/39647-commission-for-weather-climate-water-and-related-environmental-services-and-applications
https://interactive.carbonbrief.org/half-global-population-saw-all-time-record-temperatures-over-past-decade/
https://interactive.carbonbrief.org/half-global-population-saw-all-time-record-temperatures-over-past-decade/
https://library.wmo.int/records/item/66214-state-of-the-global-climate-2022
https://library.wmo.int/records/item/66214-state-of-the-global-climate-2022
https://climate.copernicus.eu/ESOTC
https://library.wmo.int/records/item/66206-state-of-the-climate-in-europe-2022
https://library.wmo.int/records/item/66206-state-of-the-climate-in-europe-2022


62 2023, Ballester, J.; Quijal-Zamorano, M.; Méndez 
Turrubiates, R. F. et al. Heat-related Mortality in Europe During 
the Summer of 2022. Nature Medicine 2023, 29, 1857–1866. 
https://www.nature.com/articles/s41591-023-02419-z.

63 https://www.theguardian.com/environment/2023/apr/27/
endless-record-heat-asia-highest-april-temperatures

64 Zhao, Q.; Guo, Y.; Ye, T. et al. Global, Regional, and 
National Burden of Mortality Associated with Non-optimal 
Ambient Temperatures from 2000 to 2019: A Three-stage 
Modelling Study. Lancet Planet Health 2021, 5 (7), e415–e425. 
doi: 10.1016/S2542-5196(21)00081-4.

65 Wheeler, N.; Watts, N. Climate Change: From Science 
to Practice. Current Environmental Health Reports 2018, 5, 
170–178. https://doi.org/10.1007/s40572-018-0187-y.

66 Philip, S.; Kew, S.; van Oldenborgh, G. et al. Rapid 
Attribution Analysis of the Extraordinary Heatwave on the 
Pacific Coast of the US and Canada in June 2021. Earth System 
Dynamics 2022, 13 (4), 1689–1713. https://doi.org/10.5194/
esd-13-1689-2022.

67 h t t p s : / / w w w.w o r l d w e a t h e r a t t r i b u t i o n . o r g /
extreme-heat-in-north-america-europe-and-china-in-july-
2023-made-much-more-likely-by-climate-change/

68 Rogers, C.; Kornhuber, K.; Perkins-Kirkpatrick, S. et al. 
Sixfold Increase in Historical Northern Hemisphere Concurrent 
Large Heatwaves Driven by Warming and Changing 
Atmospheric Circulations. Journal of Climate 2022, 35 (3). 
https://doi.org/10.1175/JCLI-D-21-0200.1.

69 Turek-Hankins, L. L.; Coughlan de Perez, E.; Scarpa, G. 
et al. Climate Change Adaptation to Extreme Heat: A Global 
Systematic Review of Implemented Action. Oxford Open 
Climate Change 2021, 1 (1). https://doi.org/10.1093/oxfclm/
kgab005.

70 Andrews, O.; Le Quéré, C.; Kjellstrom, T. et al. Implications 
for Workability and Survivability in Populations Exposed to 
Extreme Heat Under Climate Change: A Modelling Study. 
Lancet Planetary Health 2018, 2 (12), E540–E547. https://doi.
org/10.1016/S2542-5196(18)30240-7.

71 Cissé, G.; McLeman, R.; Adams, H. et al. Health, Wellbeing, 
and the Changing Structure of Communities. In Climate Change 
2022: Impacts, Adaptation and Vulnerability. Contribution 
of Working Group II to the Sixth Assessment Report of 
Intergovernmental Panel on Climate Change; Pörtner, H.-O.; 
Roberts, D. C.; Tignor, M. et al., Eds.; Cambridge University 
Press, Cambridge, UK and New York, USA, 2022. https://
www.ipcc.ch/report/ar6/wg2/.

72 Cissé, G.; McLeman, R.; Adams, H. et al. Health, Wellbeing, 
and the Changing Structure of Communities. In Climate Change 
2022: Impacts, Adaptation and Vulnerability. Contribution 
of Working Group II to the Sixth Assessment Report of 
Intergovernmental Panel on Climate Change; Pörtner, H.-O.; 
Roberts, D. C.; Tignor, M. et al., Eds.; Cambridge University 
Press, Cambridge, UK and New York, USA, 2022. https://
www.ipcc.ch/report/ar6/wg2/.

73 Based on WMO expert analysis of extreme heat services 
as of 2023

74 Resolution 17 (EC-76) on WMO activities on extreme heat 
and health, in the Executive Council: Abridged Final Report 
of the Seventy-sixth Session (WMO-No. 1314).

75 World Meteorological Organization (WMO). Heatwaves 
and Health: Guidance on Warning-System Development 
(WMO-No. 1142). Geneva, 2015.

76 Exemplars in Global Health: https://www.exemplars.
health/learn-more/about

77 Chersich, M. F.; Scorgie, F.; Filippi, V. et al. Increasing Global 
Temperatures Threaten Gains in Maternal and Newborn Health 
in Africa: A Review of Impacts and an Adaptation Framework. 
International Journal of Gynecology and Obstetrics 2022, 160 
(2). https://pubmed.ncbi.nlm.nih.gov/35906840.

78 Clean Air Fund (CAF) and Climate Policy Initiative 
(CPI). The State of Global Air Quality Funding 2023. 
ht tps://www.climatepolicyinitiative.org/publication/
the-state-of-global-air-quality-funding-2023/.

79 World Health Organization (WHO). WHO Global Air Quality 
Guidelines: Particulate Matter (PM2.5 and PM10), Ozone, 
Nitrogen Dioxide, Sulfur Dioxide and Carbon Monoxide;  
W HO:  Geneva ,  2021.  h t tp s : / /app s .w ho. in t / i r i s /
handle/10665/345329.

80 Institute for Health Metrics and Evaluation (IMHE). State 
of Global Air 2019 Report. 2019. https://www.healthdata.org/
news-release/state-global-air-2019-report.

81 Romanello, M.; Di Napoli, C.; Drummond, P. et al. 
The 2022 Report of the Lancet Countdown on Health and 
Climate Change: Health at the Mercy of Fossil Fuels. The 
Lancet 2022, 400 (10363), 1619–54. https://doi.org/10.1016/
S0140-6736(22)01540-9. 

82 United Nations Environment programme (UNEP). 
Spreading Like Wildfire. The Rising Threat of Extraordinary 
Landscape Fires; 2022. https://www.unep.org/resources/
report /spreading-wildfire-rising-threat-extraordinary-
landscape-fires.

83 United Nations Environment programme (UNEP). Early 
Warning Systems: A State-of-the-Art Analysis and Future 
Directions; 2012. https://wedocs.unep.org/20.500.11822/32230.

84 United Nations Environment programme (UNEP). Early 
Warning Systems: A State-of-the-Art Analysis and Future 
Directions; 2012. https://wedocs.unep.org/20.500.11822/32230.

85 World Health Organization (WHO). WHO Ambient Air 
Quality Database, 2022 Update: Status Report; WHO: Geneva, 
2023. https://www.who.int/publications/i/item/9789240047693.

86 https://community.wmo.int /en/activity-areas/gaw/
science-for-services/gafis

87 WMO Vegetation Fire and Smoke Pollution Warning 
Advisory and Assessment System (VFSP-WAS): https://
community.wmo.int /en/activity-areas/gaw/science/
modelling-applications/vfsp-was

88 Sand and Dust Storm Warning Advisory and Assessment 
System (SDS-WAS): ht tps://community.wmo.int /en/
activity-areas/gaw/science-for-services/sds-was

89 Fong, C; Fong, P. Why Species Matter: An Experimental 
Assessment of Assumptions and Predictive Ability of Two 
Functional-group Models. Ecological Society of America 
2014, 95 (8). https://doi.org/10.1890/13-1557.1.

90 The WMO IG3IS is an observation-based information 
system for determining trends and distributions of greenhouse 

72

https://www.nature.com/articles/s41591-023-02419-z
https://www.theguardian.com/environment/2023/apr/27/endless-record-heat-asia-highest-april-temperatures
https://www.theguardian.com/environment/2023/apr/27/endless-record-heat-asia-highest-april-temperatures
https://pubmed.ncbi.nlm.nih.gov/34245712/
https://doi.org/10.1007/s40572-018-0187-y
https://doi.org/10.5194/esd-13-1689-2022
https://doi.org/10.5194/esd-13-1689-2022
https://www.worldweatherattribution.org/extreme-heat-in-north-america-europe-and-china-in-july-2023-made-much-more-likely-by-climate-change/
https://www.worldweatherattribution.org/extreme-heat-in-north-america-europe-and-china-in-july-2023-made-much-more-likely-by-climate-change/
https://www.worldweatherattribution.org/extreme-heat-in-north-america-europe-and-china-in-july-2023-made-much-more-likely-by-climate-change/
https://doi.org/10.1175/JCLI-D-21-0200.1
https://doi.org/10.1093/oxfclm/kgab005
https://doi.org/10.1093/oxfclm/kgab005
https://doi.org/10.1016/S2542-5196(18)30240-7
https://doi.org/10.1016/S2542-5196(18)30240-7
https://www.ipcc.ch/report/ar6/wg2/
https://www.ipcc.ch/report/ar6/wg2/
https://www.ipcc.ch/report/ar6/wg2/
https://www.ipcc.ch/report/ar6/wg2/
https://library.wmo.int/records/item/66258-executive-council
https://library.wmo.int/records/item/66258-executive-council
https://library.wmo.int/records/item/54600-heatwaves-and-health
https://library.wmo.int/records/item/54600-heatwaves-and-health
https://www.exemplars.health/learn-more/about
https://www.exemplars.health/learn-more/about
https://pubmed.ncbi.nlm.nih.gov/35906840
https://www.climatepolicyinitiative.org/publication/the-state-of-global-air-quality-funding-2023/
https://www.climatepolicyinitiative.org/publication/the-state-of-global-air-quality-funding-2023/
https://apps.who.int/iris/handle/10665/345329
https://apps.who.int/iris/handle/10665/345329
https://www.healthdata.org/news-release/state-global-air-2019-report
https://www.healthdata.org/news-release/state-global-air-2019-report
https://doi.org/10.1016/S0140-6736(22)01540-9
https://doi.org/10.1016/S0140-6736(22)01540-9
https://www.unep.org/resources/report/spreading-wildfire-rising-threat-extraordinary-landscape-fires
https://www.unep.org/resources/report/spreading-wildfire-rising-threat-extraordinary-landscape-fires
https://www.unep.org/resources/report/spreading-wildfire-rising-threat-extraordinary-landscape-fires
https://wedocs.unep.org/20.500.11822/32230
https://wedocs.unep.org/20.500.11822/32230
https://www.who.int/publications/i/item/9789240047693
https://community.wmo.int/en/activity-areas/gaw/science-for-services/gafis
ttps://community.wmo.int/en/activity-areas/gaw/science-for-services/gafis
https://community.wmo.int/en/activity-areas/gaw/science/modelling-applications/vfsp-was
https://community.wmo.int/en/activity-areas/gaw/science/modelling-applications/vfsp-was
https://community.wmo.int/en/activity-areas/gaw/science/modelling-applications/vfsp-was
https://community.wmo.int/en/activity-areas/gaw/science-for-services/sds-was
https://community.wmo.int/en/activity-areas/gaw/science-for-services/sds-was
https://doi.org/10.1890/13-1557.1


gases (GHGs) in the atmosphere and the ways in which they 
are consistent or not with efforts to reduce GHG emissions.

91 Turnbull, J. C.; DeCola, P.; Mueller, K. et al. IG3IS Urban 
Greenhouse Gas Emission Observation and Monitoring Good 
Research Practice Guidelines (GAW Report No. 275); WMO 
and Empa: Geneva, 2022.

92 CAMS-ECMWF

93 Alcayna, T.; O’Donnell, D.; Chandaria, S. How Much 
Bilateral and Multilateral Climate Adaptation Finance is 
Targeting the Health Sector? A Scoping Review of Official 
Development Assistance Data Between 2009–2019. PLOS 
Global Public Health 2023, 3 (6). https://doi.org/10.1371/journal.
pgph.0001493.

94 Climate Policy Initiative (CPI). Global Landscape of Climate 
Finance: A Decade of Data 2011–2020; 2022. https://www.
climatepolicyinitiative.org/wp-content/uploads/2022/10/
Global-Landscape-of-Climate-Finance-A-Decade-of-Data.pdf.

95 A more precise analysis of 2021 climate finance flows 
will be confirmed in the next edition of the Landscape (2023), 
when more primary data becomes available.

96 Climate Policy Initiative (CPI). Global Landscape of Climate 
Finance: A Decade of Data 2011–2020; 2022. https://www.
climatepolicyinitiative.org/wp-content/uploads/2022/10/
Global-Landscape-of-Climate-Finance-A-Decade-of-Data.pdf.

97 Climate Policy Initiative (CPI). Global Landscape of 
Climate Finance 2021: Methodology ; 2021. https://www.
climatepolicyinitiative.org/wp-content/uploads/2021/10/
Methodology.pdf. This covers financing for adaptation and 
mitigation by public and private sources.

98 Climate Policy Initiative (CPI). Preview: Global 
Landscape of Climate Finance 2021; 2021. https://www.
climatepolicyinitiative.org/wp-content/uploads/2021/10/
Global-Landscape-of-Climate-Finance-2021.pdf.

99 Climate Policy Initiative (CPI). Global Landscape of 
Climate Finance 2021: Methodology ; 2021. https://www.
climatepolicyinitiative.org/wp-content/uploads/2021/10/
Methodology.pdf. This covers financing for adaptation and 
mitigation by public and private sources.

100 Alcayna, T.; O’Donnell, D.; Chandaria, S. How Much 
Bilateral and Multilateral Climate Adaptation Finance is 
Targeting the Health Sector? A Scoping Review of Official 
Development Assistance Data Between 2000–2019. PLOS 
Global Public Health 2023, 3 (6). https://doi.org/10.1371/journal.
pgph.0001493.

101 World Health Organization (WHO). COP26 Special Report 
on Climate Change and Health: The Health Argument for 
Climate Action; WHO: Geneva, 2021. https://www.who.int/
publications/i/item/9789240036727.

102 https://www.who.int/publications/i/item/9789240038509

103 BMJ. A Lack of Climate Finance is Harming Population 
Health; 2022. https://doi.org/10.1136/bmj.o313.

104 The term “international development funders” refers 
to multilateral development banks, bilateral development 
agencies and governments that provide international 

development funding in the form of development aid, 
concessional and non-concessional loans, as well as grants, 
for development purposes (e.g., air quality).

105 Mitigation and adaptation projects.

106 Clean Air Fund (CAF) and Climate Policy Initiative 
(CPI). The State of Global Air Quality Funding 2023. 
https://www.climatepolicyinitiative.org/publication/
the-state-of-global-air-quality-funding-2023/.

107 ht tp: //w w w.atachcommunit y.com/our-mission/
financing-working-group/

108 Alliance for Transformative Action on Climate Change and 
Health (ATACH). Terms of Reference of the ATACH Financing 
Working Group (FIN WG). https://www.atachcommunity.com/
fileadmin/uploads/atach/Documents/FIN-WG_ToR.pdf.

109 World Health Organization (WHO). WHO Country Support 
on Climate Change and Health - Visual Guide; 2021. http://
www.who.int/publications/m/item/who-country-support-
on-climate-change-and-health--visual-guide

110 Further assessment of climate services for health along 
the causal chain is needed in the future, in order to estimate 
their contribution to health. This section reports on investment 
of report partners in climate services more generally and 
climate services for health more specifically.

111 Contributing to the health outcome area of WHO: Injury 
and mortality from extreme weather events.

112 Ebi, K. L.; Semenza, J. C.; Rocklöv, J. Current Medical 
Research Funding and Frameworks Are Insufficient 
to Address the Health Risks of Global Environmental 
Change. Environmental Health 2016, 15. https://ehjournal.
biomedcentral.com/articles/10.1186/s12940-016-0183-3.

113 Ebi, K. L. Environmental Health Research Needed to Inform 
Strategies, Policies, and Measures to Manage the Risks of 
Anthropogenic Climate Change, Environmental Health 2021, 
20. https://ehjournal.biomedcentral.com/articles/10.1186/
s12940-021-00792-1.

114 Carlson, C. J.; Alam, M. S.; North, M. A. et al. The Health 
Burden of Climate Change: A Call for Global Scientific 
Action. PLOS Climate 2023. https://journals.plos.org/climate/
article?id=10.1371/journal.pclm.0000126.

115 Ebi, K. L.; Harris, F.; Sioen, G. B. et al. Transdisciplinary 
Research Priorities for Human and Planetary Health in the 
Context of the 2030 Agenda for Sustainable Development. 
International Journal of Environmental Research and Public 
Health 2020, 17 (23). https://doi.org/10.3390/ijerph17238890.

116 h t t p s : / / w w w .w h o . i n t / p u b l i c a t i o n s / m / i t e m /
climate-change-and-health-research-current-trends-gaps-
and-perspectives-for-the-future

117 https://wellcome.org/what-we-do/climate-and-health

118 Human health requires and depends on ecological and 
environmental health: this is known as “One Health”. their 
integration is essential because a systems-based approach 
is needed to fully implement multiple hazard early warning 
systems.

73

https://library.wmo.int/records/item/58055-ig3is-urban-greenhouse-gas-emission-observation-and-monitoring-good-research-practice-guidelines
https://library.wmo.int/records/item/58055-ig3is-urban-greenhouse-gas-emission-observation-and-monitoring-good-research-practice-guidelines
https://library.wmo.int/records/item/58055-ig3is-urban-greenhouse-gas-emission-observation-and-monitoring-good-research-practice-guidelines
https://doi.org/10.1371/journal.pgph.0001493
https://doi.org/10.1371/journal.pgph.0001493
https://www.climatepolicyinitiative.org/wp-content/uploads/2022/10/Global-Landscape-of-Climate-Finance-A-Decade-of-Data.pdf
https://www.climatepolicyinitiative.org/wp-content/uploads/2022/10/Global-Landscape-of-Climate-Finance-A-Decade-of-Data.pdf
https://www.climatepolicyinitiative.org/wp-content/uploads/2022/10/Global-Landscape-of-Climate-Finance-A-Decade-of-Data.pdf
https://www.climatepolicyinitiative.org/wp-content/uploads/2022/10/Global-Landscape-of-Climate-Finance-A-Decade-of-Data.pdf
https://www.climatepolicyinitiative.org/wp-content/uploads/2022/10/Global-Landscape-of-Climate-Finance-A-Decade-of-Data.pdf
https://www.climatepolicyinitiative.org/wp-content/uploads/2022/10/Global-Landscape-of-Climate-Finance-A-Decade-of-Data.pdf
https://www.climatepolicyinitiative.org/wp-content/uploads/2021/10/Methodology.pdf
https://www.climatepolicyinitiative.org/wp-content/uploads/2021/10/Methodology.pdf
https://www.climatepolicyinitiative.org/wp-content/uploads/2021/10/Methodology.pdf
https://www.climatepolicyinitiative.org/wp-content/uploads/2021/10/Global-Landscape-of-Climate-Finance-2021.pdf
https://www.climatepolicyinitiative.org/wp-content/uploads/2021/10/Global-Landscape-of-Climate-Finance-2021.pdf
https://www.climatepolicyinitiative.org/wp-content/uploads/2021/10/Global-Landscape-of-Climate-Finance-2021.pdf
https://www.climatepolicyinitiative.org/wp-content/uploads/2021/10/Methodology.pdf
https://www.climatepolicyinitiative.org/wp-content/uploads/2021/10/Methodology.pdf
https://www.climatepolicyinitiative.org/wp-content/uploads/2021/10/Methodology.pdf
https://doi.org/10.1371/journal.pgph.0001493
https://doi.org/10.1371/journal.pgph.0001493
https://www.who.int/publications/i/item/9789240036727
https://www.who.int/publications/i/item/9789240036727
https://www.who.int/publications/i/item/9789240038509
https://doi.org/10.1136/bmj.o313
https://www.climatepolicyinitiative.org/publication/the-state-of-global-air-quality-funding-2023/
https://www.climatepolicyinitiative.org/publication/the-state-of-global-air-quality-funding-2023/
http://www.atachcommunity.com/our-mission/financing-working-group/
http://www.atachcommunity.com/our-mission/financing-working-group/
https://www.atachcommunity.com/fileadmin/uploads/atach/Documents/FIN-WG_ToR.pdf
https://www.atachcommunity.com/fileadmin/uploads/atach/Documents/FIN-WG_ToR.pdf
http://www.who.int/publications/m/item/who-country-support-on-climate-change-and-health--visual-guide
http://www.who.int/publications/m/item/who-country-support-on-climate-change-and-health--visual-guide
http://www.who.int/publications/m/item/who-country-support-on-climate-change-and-health--visual-guide
https://ehjournal.biomedcentral.com/articles/10.1186/s12940-016-0183-3
https://ehjournal.biomedcentral.com/articles/10.1186/s12940-016-0183-3
https://ehjournal.biomedcentral.com/articles/10.1186/s12940-021-00792-1
https://ehjournal.biomedcentral.com/articles/10.1186/s12940-021-00792-1
https://journals.plos.org/climate/article?id=10.1371/journal.pclm.0000126
https://journals.plos.org/climate/article?id=10.1371/journal.pclm.0000126
https://doi.org/10.3390/ijerph17238890
https://www.who.int/publications/m/item/climate-change-and-health-research-current-trends-gaps-and-perspectives-for-the-future
https://www.who.int/publications/m/item/climate-change-and-health-research-current-trends-gaps-and-perspectives-for-the-future
https://www.who.int/publications/m/item/climate-change-and-health-research-current-trends-gaps-and-perspectives-for-the-future
https://wellcome.org/what-we-do/climate-and-health


119 https://www.belmontforum.org/archives/projects/
land-to-sea-integrated-modelling-of-consequences-of-
terrestrial-activities-and-climate-change-for-freshwater-
and-coastal-marine-biodiversity-and-ecosystem-services

120 https://www.belmontforum.org/archives/projects/
scenarios-of-freshwater-biodiversity-and-ecosystem-
services-in-a-changing-arctic

121 Climate, Environment, and Health, Belmont Forum. https://
belmontforum.org/cras#ceh22023

122 Berrang-Ford, L.; Sietsma, A. J.; Callaghan, M. et al. 
Systematic Mapping of Global Research on Climate and 
Health: A Machine Learning Review. The Lancet 2021, 5 (8). 
https://doi.org/10.1016/S2542-5196(21)00179-0.

123 https://climahealth.info/who-wmo-joint-programme

124 Jancloes, M.; Thomson, M.; Costa, M.M. et al. Climate 
Services to Improve Public Health. International Journal 
of Environmental Research and Public Health 2014, 11, 
4555–4559. https://doi.org/10.3390/ijerph110504555.

125 Stott, P. A.; Allen, M.; Christidis, N. et al. Attribution of 
Weather and Climate-Related Extreme Events; WMO: Geneva, 
2011. https://library.wmo.int/idurl/4/60400.

126 BMJ. A Lack of Climate Finance is Harming Population 
Health; 2022. https://doi.org/10.1136/bmj.o313.

127 For more information see the: Implementation Plan 
for Advancing Integrated Climate, Environment and Health 
Science and Services, endorsed, in Resolution 17, by the World 
Meteorological Congress at its nineteenth session in June 
2023: World Meteorological Congress: Abridged Final Report 
of the Nineteenth Session (WMO-No. 1326). The plan was 
developed jointly with WHO and other health stakeholders.

128 CARICOM. Dengue Costs Caribbean USD 321 M a Year. 
25 March 2015. https://caricom.org/dengue-costs-
caribbean-us321m-a-year/.

129 h t t p s : / / w w w. a l l i a n c e - s a h e l .o r g /e n /p r o j e c t s /
support-project-for-the-rollout-of-the-social-registry-and-
social-safety-net-program/

130 Chesini, F.; Herrera, N.; Skansi, M. M. et al. Mortality Risk 
During Heat Waves in the Summer 2013–2014 in 18 Provinces 
of Argentina: Ecological Study. Ciência & Saúde Coletiva 2022, 
27 (5). https://doi.org/10.1590/1413-81232022275.07502021.

131 Chesini, F.; Abrutsky, R.; Herrera, N. et al. Mortalidad 
Asociada a Eventos Extremos de Frío en Argentina. Revista 
Argentina de Salud Pública 2019, 10 (41). https://www.
researchgate.net /publication/338214993_Mortalidad_
asociada_a_eventos_extremos_de_frio_en_Argentina.

132 Almeira, G.; Rusticucci, M.; Suaya, M. Relacion Entre 
Mortalidad y Temperaturas Extremas en Buenos Aires y Rosario. 
Meteorologica 2016, 41 (2), 65–79. http://www.scielo.org.ar/scielo.
php?pid=S1850-468X2016000200004&script=sci_abstract.

133 Herrera, N.; Skansi, M. M.; Berón, M. A. et al. Sistema de 
Alerta Temprana por Olas de Calor y Salud (SAT-OCS): Nota 
Técnica; Servicio Meteorológico Nacional: Buenos Aires, 
2018. http://hdl.handle.net/20.500.12160/772.

134 Herrera, N.; Chesini, F.; Saucedo, M. A. et al. Sistema de 
Alerta Temprana por Temperaturas Extremas Calor (SAT-TE 
Calor): La Evolución del SAT-OCS. Nota Técnica; Servicio 
Meteorológico Nacional: Buenos Aires, 2021. http://hdl.
handle.net/20.500.12160/1726.

135 Herrera, N.; Chesini, F.; Saucedo, M. A. et al. Sistema de 
Alerta Temprana por Temperaturas Extremas Frío (SAT-TE Frío). 
Nota Técnica; Servicio Meteorológico Nacional: Buenos Aires, 
2022. https://repositorio.smn.gob.ar/handle/20.500.12160/1839. 

136 For example, the relation between temperature/ humidity 
and malaria cases, or between low temperatures and flu cases

137 https://ecomore.org/

138 https://remosat.usth.edu.vn/ecomore/future-health-risks/
mosquito-density

139 https://www.climatejust.org.uk/

140 ht tps: / /w w w.gov.uk /government /publicat ions /
uk-climate-change-risk-assessment-2022

141 https://iris.paho.org/handle/10665.2/33772

142 ifrc.org/sites/default /files/2023-08/Red-Cross-Red-
Crescent-Guide-to-Climate-Smart-Programmes.pdf

143 Red Cross Red Crescent FbF Practitioners Manual – 
Anticipation Hub: https://www.anticipation-hub.org/learn/
methodology/red-cross-red-crescent-fbf-practitioner-manual

144 Lowe, R.; Gasparrini, A.; Van Meerbeeck, C. J. et al. 
Nonlinear and Delayed Impacts of Climate on Dengue Risk in 
Barbados: A Modelling Study. PLOS Medicine 2018. https://
doi.org/10.1371/journal.pmed.1002613. See also Stewart-
Ibarra, A. M.; Rollock, L.; Best, S. et al. Co-learning During 
the Co-creation of a Dengue Early Warning System for the 
Health Sector in Barbados. BMJ Global Health 2022, 7 (1). 
DOI : 10.1136/bmjgh-2021-007842.

145 Stewart-Ibarra, A. M.; Rollock, L.; Best, S. et al. Co-learning 
During the Co-creation of a Dengue Early Warning System 
for the Health Sector in Barbados. BMJ Global Health 2022, 
7 (1). DOI : 10.1136/bmjgh-2021-007842.

146 http://rcc.cimh.edu.bb/caribbean-health-climatic-bulletin

147 University of the West Indies (UWI) St. Augustine. Prosseor 
Christine Carrington Presents ‘Dengue Past, Present and 
Future’ [Press Release] 19 March 2013. https://sta.uwi.edu/
news/releases/release.asp?id=1067.

148 www.extrema-global.com

149 Lance t  Countdown in Europe:  ht tps: / / w w w.
lancetcountdown.org/europe/

150 https://climate-adapt.eea.europa.eu/en/observatory

151 van Daalen, K. R.; Romanello, M.; Rocklöv, J. et al. The 
2022 Europe Report of the Lancet Countdown on Health 
and Climate Change: Towards a Climate Resilient Future. 
The Lancet Public Health 2022, 7 (11). https://doi.org/10.1016/
S2468-2667(22)00197-9.

152 h t t p s : / / c l i m a t e - a d a p t . e e a .
e u r o p a . e u / e n / o b s e r v a t o r y / e v i d e n c e /
indicators_intro?search=&origin_website=Lancet+Countdown

74

https://www.belmontforum.org/archives/projects/land-to-sea-integrated-modelling-of-consequences-of-terrestrial-activities-and-climate-change-for-freshwater-and-coastal-marine-biodiversity-and-ecosystem-services
https://www.belmontforum.org/archives/projects/land-to-sea-integrated-modelling-of-consequences-of-terrestrial-activities-and-climate-change-for-freshwater-and-coastal-marine-biodiversity-and-ecosystem-services
https://www.belmontforum.org/archives/projects/land-to-sea-integrated-modelling-of-consequences-of-terrestrial-activities-and-climate-change-for-freshwater-and-coastal-marine-biodiversity-and-ecosystem-services
https://www.belmontforum.org/archives/projects/land-to-sea-integrated-modelling-of-consequences-of-terrestrial-activities-and-climate-change-for-freshwater-and-coastal-marine-biodiversity-and-ecosystem-services
https://www.belmontforum.org/archives/projects/scenarios-of-freshwater-biodiversity-and-ecosystem-services-in-a-changing-arctic
https://www.belmontforum.org/archives/projects/scenarios-of-freshwater-biodiversity-and-ecosystem-services-in-a-changing-arctic
https://www.belmontforum.org/archives/projects/scenarios-of-freshwater-biodiversity-and-ecosystem-services-in-a-changing-arctic
https://belmontforum.org/cras#ceh22023
https://belmontforum.org/cras#ceh22023
https://doi.org/10.1016/S2542-5196(21)00179-0
https://climahealth.info/who-wmo-joint-programme
https://doi.org/10.3390/ijerph110504555
https://library.wmo.int/idurl/4/60400
https://doi.org/10.1136/bmj.o313
https://library.wmo.int/records/item/67177-world-meteorological-congress
https://library.wmo.int/records/item/67177-world-meteorological-congress
https://caricom.org/dengue-costs-caribbean-us321m-a-year/
https://caricom.org/dengue-costs-caribbean-us321m-a-year/
https://www.alliance-sahel.org/en/projects/support-project-for-the-rollout-of-the-social-registry-and-social-safety-net-program/
https://www.alliance-sahel.org/en/projects/support-project-for-the-rollout-of-the-social-registry-and-social-safety-net-program/
https://www.alliance-sahel.org/en/projects/support-project-for-the-rollout-of-the-social-registry-and-social-safety-net-program/
https://doi.org/10.1590/1413-81232022275.07502021
https://www.researchgate.net/publication/338214993_Mortalidad_asociada_a_eventos_extremos_de_frio_en_Argentina
https://www.researchgate.net/publication/338214993_Mortalidad_asociada_a_eventos_extremos_de_frio_en_Argentina
https://www.researchgate.net/publication/338214993_Mortalidad_asociada_a_eventos_extremos_de_frio_en_Argentina
http://www.scielo.org.ar/scielo.php?pid=S1850-468X2016000200004&script=sci_abstract
http://www.scielo.org.ar/scielo.php?pid=S1850-468X2016000200004&script=sci_abstract
http://hdl.handle.net/20.500.12160/772
http://hdl.handle.net/20.500.12160/1726
http://hdl.handle.net/20.500.12160/1726
https://repositorio.smn.gob.ar/handle/20.500.12160/1839
https://ecomore.org/
https://remosat.usth.edu.vn/ecomore/future-health-risks/mosquito-density
https://remosat.usth.edu.vn/ecomore/future-health-risks/mosquito-density
https://www.climatejust.org.uk/
https://www.gov.uk/government/publications/uk-climate-change-risk-assessment-2022
https://www.gov.uk/government/publications/uk-climate-change-risk-assessment-2022
https://iris.paho.org/handle/10665.2/33772
http://ifrc.org/sites/default/files/2023-08/Red-Cross-Red-Crescent-Guide-to-Climate-Smart-Programmes.pdf
http://ifrc.org/sites/default/files/2023-08/Red-Cross-Red-Crescent-Guide-to-Climate-Smart-Programmes.pdf
https://www.anticipation-hub.org/learn/methodology/red-cross-red-crescent-fbf-practitioner-manual
https://www.anticipation-hub.org/learn/methodology/red-cross-red-crescent-fbf-practitioner-manual
https://doi.org/10.1371/journal.pmed.1002613
https://doi.org/10.1371/journal.pmed.1002613
https://gh.bmj.com/content/7/Suppl_7/e007842
https://gh.bmj.com/content/7/Suppl_7/e007842
http://rcc.cimh.edu.bb/caribbean-health-climatic-bulletin
https://sta.uwi.edu/news/releases/release.asp?id=1067
https://sta.uwi.edu/news/releases/release.asp?id=1067
http://www.extrema-global.com
https://www.lancetcountdown.org/europe/
https://www.lancetcountdown.org/europe/
https://climate-adapt.eea.europa.eu/en/observatory
https://doi.org/10.1016/S2468-2667(22)00197-9
https://doi.org/10.1016/S2468-2667(22)00197-9
https://climate-adapt.eea.europa.eu/en/observatory/evidence/indicators_intro?search=&origin_website=Lancet+Countdown
https://climate-adapt.eea.europa.eu/en/observatory/evidence/indicators_intro?search=&origin_website=Lancet+Countdown
https://climate-adapt.eea.europa.eu/en/observatory/evidence/indicators_intro?search=&origin_website=Lancet+Countdown


153 Colon-Gonzalez, F. J.; Soares Bastos, L.; Hofmann, B. et 
al. Probabilistic Seasonal Dengue Forecasting in Vietnam: 
A Modelling Study Using Superensembles. PLOS Medicine 
2021. https://doi.org/10.1371/journal.pmed.1003542.

154 World Health Organization (WHO). World Malaria 
Report 2020: 20 Years of Global Progress and Challenges; 
WHO: Geneva, 2020. https://www.who.int/publications/i/
item/9789240015791.

155 Botswana, Jamaica, Argentina, Nepal, United Republic 
of Tanzania, Lao People’s Democratic Republic, Niue, Oman, 
Nigeria, Greece, Timor-Leste, Peru, Philippines, Croatia.

156 World Health Organization (WHO). 2021 WHO Health and 
Climate Change Survey Report; WHO: Geneva, 2021. https://
www.who.int/publications/i/item/9789240038509.

157 World Health Organization (WHO). 2023 WHO Review of 
Health in Nationally Determined Contributions and Long-term 
Strategies: Health at the Heart of the Paris Agreement; WHO: 
Geneva, 2023. https://apps.who.int/iris/handle/10665/372276.

158 WHO data were analysed and readapted to WMO regions 
and the Member distribution in regions: https://public.wmo.
int/en/about-us/members. 

159 Global Heat Health Information Network https://ghhin.
org

75

https://doi.org/10.1371/journal.pmed.1003542
https://www.who.int/publications/i/item/9789240015791
https://www.who.int/publications/i/item/9789240015791
https://www.who.int/publications/i/item/9789240038509
https://www.who.int/publications/i/item/9789240038509
https://apps.who.int/iris/handle/10665/372276
https://public.wmo.int/en/about-us/members
https://public.wmo.int/en/about-us/members
https://ghhin.org
https://ghhin.org


JN
 2

31
24

4

For more information, please contact:

World Meteorological Organization
7 bis, avenue de la Paix – P.O. Box 2300
CH 1211 Geneva 2 – Switzerland

Strategic Communications Office
Tel.: +41 (0) 22 730 730 83 14
Fax: +41 (0) 22 730 80 27
Email: communications@wmo.int

public.wmo.int


	2023 State of Climate Services: Health (WMO-No. 1335)
	Contributors
	Contents
	Key messages
	Message from the Secretary-General
	About this report
	The challenge
	Climate and health policy response
	The value
	Current status of climate services for health
	Barriers to co-producing and implementing climate services for health
	Focus: Extreme heat
	Focus: Air quality

	Investment
	The way forward
	Stories and Case studies
	Story: Collaboration across the Caribbean provides climate and health risk reduction
	Story: EXTREMA Global: Building integrative networks for coller cities
	Story: Collaborative monitoring progrogramme predicts, detects, and reports pollen concentrations in real tme to help allergy sufferers
	Case study 1
	Case study 2
	Case stduy 3
	Case study 4
	Case study 5
	Case study 6
	Case study 7
	Case study 8
	Case study 9
	Case study 10
	Case study 11
	Case study 12
	Case study 13
	Case study 14
	Case study 15
	Case study 16
	Case study 17
	Case study 18
	Case study 19

	Data and methods
	All case study contributors
	Endnotes


