Climate Change and Health

Climate- and climate-action related Health Impacts:

Evidence, Emerging Trends and Projections
Tuesday 7 July 2026

Extreme events,
risk management and mental health

Professor Virginia Murray

Chair of UNDRR-ISC Steering Group for Hazard Information Profiles 2025 update
Member of CODATA international Science Council Executive Committee
Co-chair of the UNESCO-CODATA Data Policies for times of Crises facilitated by Open Science
Honorary Professor University College London



53
o e, & S \‘,
=y 2

he IPCC Special Report on Managing the Risks
of Extreme Events and Disasters to Advance
Climate Change Adaptation

IDCC

climate chanee



Acute health effects associated with
flood water and debris include

* Drowning
* Physical trauma

 Other health effects such as heart
attacks

Longer term health effects as a
consequence of flooding include

 Skin, respiratory and gut infections
* Rodent borne diseases

e Carbon monoxide poisoning

* Mental health impacts
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UK floods 2013-14

* Recurrent/prolonged
flooding December 13 —
February 19

e UK’s wettest winter on
record since 1910

e * New records set for Wales
. east Scotland and southwest
Py England
e, o ® :
e * Approximately 6,000

properties flooded
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Mental Health impacts from flooding

Prevalence of mental health outcomes by exposure groups over 3 years post-
flooding of participants who responded over 3 years
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Flooding is by far the most common climate haz-
ard and wreaks devastating consequences (see
Section 51 in the Supplementary Appendix, avail-
able with the full text of this article at NE]M.org).!
From 2000 to 2019, more than 1.65 billion peo-
ple were affected by floods, with approximately
104,614 lives lost.! A changing climate alters pre-
cipitation patterns, evapotranspiration, soil mois-
ture, and the global cryosphere, leading to chang-
es in the frequency, magnitude, and duration of
floods.? Most countries had a higher average
number of population-weighted flood days during
the period of 2001-2021 than during 1985-2000
(Fig. 1, and see the interactive graphic, available
with the full text of this article at NEJM.org).
This increase is particularly evident in Australia,
Russia, North America, central and southeastern
Europe, West and East Africa, and South and
Southeast Asia.

Projections based on a scenario of high
greenhouse-gas emissions indicate that flood
frequency will increase in 42% of worldwide land-
grid cells during 2071-2100 (from 1971-2000 lev-
els), including Southeast Asia, peninsular India,
eastern Africa, and the northemn half of the Andes
(in South America).® Correspondingly, annual
worldwide flood exposure is projected to increase
by a factor of approximately 14 from the period of
1971-2000 to 2071-2100. By 2100, an annual 20-
vear flood risk (i.e., a 5% chance of flooding each
year) will be faced on land that is currently home
to 59.4 million people [under a scenario of low
greenhouse-gas emissions), 72.8 million (with in-
termediate levels of ereenhouse-cas emissions),

Flood exposure affects health both directh
and indirectly, across short- and long-term time
frames (Fig. 2). In this article, we summarize
current knowledge — and gaps in our knowledge
— about the health risks of floods and solutions
to reduce those health risks.

HEALTH RISKS ASSOCIATED
WITH FLOODS

DEATH
Traditionally, death associated with floods has
been identified as deaths directly caused by
flooding, such as drowning, hypothermia, elec-
trocution, and flood-induced explosions and fires
at chemical plants.®” Such deaths tend to be al-
most simultaneous with the onset of flooding
and are influenced by flood characteristics, such
as the speed of flow of floodwaters.

Beyond accidental death, several studies have
documented an increase in the risk of natura
causes of deaths that occur after floods."® A
multicountry study estimated a 2.1% relative in-
crease in death from any cause within 2 months
after floods.” Although flood-related accidenta
deaths play a role, the increased risk of death
from any cause is largely attributed to exacer
bated diseases and premature death owing tg
the interruptions in disease management, dis-
rupted access to clean water and sanitation
heightened exposure to waterborne pathogens
food insecurity, undernutrition, and psychologi-
cal distress.®*

Flood-Related Effects on Health

{

Injuries Stress

Drowning, electrocution, and hypothermia

Associated with direct exposure to floodwater

Infections Interrupted Access

to Health Care

Adverse pregnancy outcomes

Caused by accidental injuries, physiological and mental stress,
infectious diseases, decreased access to essential services, and
poor hygiene

Nonfatal injuries

From cuts, falls, injuries from falling debris or objects in the floodwater

Mental illness

Associated with physical and economic insecurity, heightened
violence, and displacement

Flood-related chemical accidents

Result of spills caused by dislodged gas cylinders and chemical-storage
tanks, explosions, and fires

Undernutrition

Caused by shortages of water, food, and other supplies; gastrointestinal
disease; and financial loss

Dermatologic conditions and anaphylactic reactions

Result from wound infections and bites and stings from arthropods and
venomous animals

Exacerbation of preexisting conditions

Physiological and mental stress, disruption of health care
services

Communicable diseases

Result from exposure to contaminated floodwater, overcrowded shelters,
contaminated drinking water, and mold

Increased mortality

Affected by flood-related injuries and illnesses, including mental illness;
exacerbation of preexisting diseases; disruption of health care services




PREVENTION
To reduce the likelihood and

severity of floods

Structural solutions

Levees, dams, retarding basins, flood
bypasses, floodgates

Morphologic changes in river channels

Improving drainage systems

Improving the resilience of roads

Updating housing designs

Nature-based solutions

Widening natural floodplains

Restoring wetlands and coastal
ecosystems

Investing in green infrastructure

Land-use planning

Reducing greenhouse gas emissions

Rapid transition to sustainable energy

Limits to the carbon footprint of flood
protection plans

PREPAREDNESS

To promote more timely and
effective response

Public awareness

Delivery of flood risk information

Communication regarding evacuation
routes and flood zones

Communication regarding community
response plans

Effective warning systems
Flood forecasting
Predicting effects of flooding

Preparedness of health care systems

Training for staff

Mental health support for health care
providers

Backup resources secured

Critical equipment placed away from
high-risk areas

Use of information-management
techniques

Stakeholders involved in response
planning

RESPONSE
To reduce the effects on health and

RECOVERY

To address the long-term health
and social needs of persons
affected by floods

ensure the well-being of affected
communities

Addressing long-term health and
social needs

Ensure basic hygiene and sanitation
Handwashing

Clean drinking water

Preventing and addressing mold

pecial focus on mental health
Telemedicine to imp

Treat injuries and illness
Adequate medical supplies accessible
Telemedicine available

Vulnerable populations prioritized

Financial support for immediate relief
(e.g., shelters and essential
resources) and long-term recovery

Prevent and control infectious

diseases

Vaccination programs

Surveillance plans

Early detection and contact-tracing
plans
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INTERNATIONAL

REGULATIONS B

{2005)

B0 OO

Sendai Framework for Disaster Risk

Reduction 2015-2030

Enhance the resilience of national health
systems, .... developing the capacity of health
workers .....; and promoting and enhancing the
training capacities in the field of disaster
medicine; ..... in the implementation of the

International Health Regulations (2005)
of the World Health Organization (paragraph 30 )



WHO International Health Requlations

* While disease outbreaks and other acute public health
risks are often unpredictable and require a range of

ERNATIONAL responses, the International Health Regulations

IE R L (2005) (IHR) provide an overarching legal

LT 1AL framework that defines countries’ rights and

REGULATIONS obligations in handling public health events and
emergencies that have the potential to cross borders.

* The IHR are an instrument of international law that is
legally-binding on 196 countries, including the 194
WHO Member States. The IHR grew out of the
response to deadly epidemics that once overran
Europe.

() World Health * The Regulations also outline the criteria to determine

il whether or not a particular event constitutes a “public

health emergency of international concern”.

INT

(2005)

THIRD EDITION




WHO Health Emergency and
Disaster Risk Management
Framework
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WHO Health Emergency and Disaster Risk Management Framework

A Strategic Framework for
Emergency
Preparedness

INTERNATIONAL

Sendai Framework
for Disaster Risk Reduction
2015 - 2030

REGULATIONS

{2005)

el 10N

ASIA PACIFIC
STRATEGY

FOR EMERGING
DISEASES

HEALTH
2020

A European policy framework
supporting action across government
and society for health

and well-being

2010

EMERGENCY RESPONSE
PREPAREDNESS (ERP)

+ PAHO Plan of Action
for DRR 2016-2021,
WPRO Framework for
DRM for Health,
SEARO Emergency
Preparedness &
Response Benchmarks,
etc

Health

emergency and disaster
risk management
framework

World Health
Organization




WHO Health emergency and disaster risk
management framework

 Aligns global health security, disaster

Ir-nlegalytlldt risk reduction, humanitarian reform,
i sl climate change & sustainable

development agendas

@RS - Bridges health and multi-sectoral
| communities

 Derived from health systems, risk
management, emergency and disaster
management, epidemic preparedness
and response and climate change

Published August 2019 ada ptatlon

https://www.who.int/hac/techguidance/preparedness/health-emergency-and-disaster-risk-management-framework-eng.pdf?ua=1
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® | Exposure pathways ,
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e Heat stress &

Health system
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¢ \Vector distribution e e Health workforce
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¢ Biological factors & health status
¢ Sociopolitical conditions
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® Health information systems

¢ Essential medical products & technologies
e Service delivery

* Financing
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Health systems &
facilities outcomes
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Noncommunicable Mental and Impacts Effects
diseases (NCDs)  psychosocial on healthcare on health
health facllities systems
o.int/news-room/fact-sheets/detail/climate-change-and-health

Health emergencies
from climate change
and variability are
complex

as health impacts
are often
compounding,
cascading and
interacting
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Sendai Framework for Disaster Risk
Reduction 2015-2030

* To strengthen technical and scientific
capacity to capitalize on and consolidate
existing knowledge and to develop and
apply methodologies and models to
assess disaster risks, vulnerabilities

and exposure to all hazards:
(paragraph 24 j)
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The Sendai Framework Monitor system is
now live!

Y After the adoption of Sendai Framework in 2015, 38 indicators were defined to

A measure progress in achieving its 7 Global targets. This system is the official tool
_ to report these indicators to both the Sendai Framework and SDG's reporting
. processes.
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#UNDRR

International
Science Council

m '.’.’.'.’ Science Souncl @ U N D R R

FOR DISASTER RISK REDUCTION 2015-2030 The grobal vosce for science. UN Office for Disaster Risk Reduction

UNDRR / ISC Hazard Definition
and Classification Review
Technical Report

July 2020

INFORMATION
PROFILES

Supplement 1o :
UNDRR-ISC Hazard Deﬁmion

SEMM FRANEWORX

B TRl B LR

UNDRR / ISC Hazard Information Profiles

Supplement to UNDRR / ISC Hazard
Definition and Classification Review
October 2021
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oS v e The UNDRR/ISC Hazard Definition and

A Classification Review Technical Report
and Hazard Information Profiles
support

DEFINITION
CLASSIFICATION
REVI i

Sendai Framework for Disaster
Risk Reduction 2015-2030,

Sustainable Development Goals of susrﬁfme
p DEVELOPMENT
Agenda 2030 and GOALS
Paris Agreement on Climate
Change A
by providinga =~ PARIS2015
common set of hazard definitions

for monitoring and reviewing implementation



5.3.1. Terminologies

The Report of the Midterm Review
of the Implementation of the In developing standard DRR terminology, OIEWG has
Sendai Framework for Disaster supported Sendai Framework implementation as well as

Risk Reduction 2015-2030 the implementation and monitoring of progress of other
agendas, agreements and intergovernmental processes.

‘ ./i: | Work undertaken with the International Science Council
 S— (ISC) and the engagement of more than 800 partners
= from scientific institutions, including national scientific
advisers, the research funding community and numerous
international organizations, led to the groundbreaking
Sendai Hazard Definition and Classification Review
Technical Report. The report, which contains 302 hazard
| - information profiles, is a key tool for building common
| . definitions for developing comparable data sets for

' ; “ monitoring and review. It provides a common set of
hazard definitions to governments and stakeholders to
inform approaches, policies and investments, whether
integrated in sectoral interventions or DRR strategies
and actions.

q

~

£

S The Report of the Midterm Review of the Implementation of the Sendai Framework
@)WQRR SENDAI FRAMEWORK for Disaster Risk Reduction 2015-2030 | UNDRR
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UNDRR-ISC Hazard Information Profiles 2025 update

2 Clusters: 10 Hazards
l. Space Weather
8 Clusters: 53 Hazards
. Convective-related
2. Particle-related
3. Wind~-& Pressure-related

4. Precipitation-related
5. Temperature-related
6. Water-related

7. Marine-related

8. Terrestrial

281
Hazards

Biological societal

Environmental



UNDRR-ISC Hazard Information Profiles

mHoeoo + Meteorological & Hydrologl

Flooding

Definition

Metrics and numeric limits

Flooding is (1) an overflo
or other body of water; (2)

UNDRR-ISC Hazard Information Profiles

«  Surface Water Flooding: Surface wa
either runs off or infiltrates after the

+ Glaclal Lake Outburst Flood: A ‘glac
amount of water retained in a glacia

Key flooding metrics, such as flood depth a
time, flooding duration, sediment load, cont
2022). However, these indicators and metri
+  Coastal Flood: The cxtent and magr
which is controlled by the topograph

UNDRR-ISC Hazard Information Profiles - 2|

have been included. Note that hazardous event
or be otherwise related to each other. Specific
sections above.

UNDRR-ISC Hazard Information Profiles - 2C

Risk Management: Climate variability and changy
land use, ecosystem degradation and increased
aggravating flood-related impacts (UNDRR, no dff

Integrated Flood Management (IFM) encourages|
integrates land and water resources developmen
2009.

An example of an initiative promating an IFM apg
initiative between the World Meteorological Orga
the concept of IFM to maximize net benefits from|
provides tools and publications to support flood n

UNDRR-ISC Hazard Information Profiles - 2025 Update

WMO, 2017. Regional Association [V - Hurricane Operational Plan for North America, Central America and the Caribbean,
WMO-| No 1163, World Meteorologmal Orgamzaimn (WMO). Available from:

45 OP2023 EN #ipage= 1&wewen—guclure&o-buokmark&n-o&g Accessed 16 May 2025.

WMO, 2021. Technical Regulations. Volume Ill: Hydrelogy, WMO-No. 49. World Meteorological Organization (WMO).
Jibrary. wmo.intrecords/item/35631-technical-r

Awvailable from: htt ulations-volume-iii-hydrology ?offset=15 Accessed 16

May 2025,

WMO, 2022. Guidelines on Implementation of a Coastal Inundation Forecasting-Early Waming System, WMO-No.1293. World
Meteorological Organization (WMO). Available from: https://library. wmo.int/records/item/58169-guidelines-on-implementation-of-a-
coastal-inundation-forecasting-early-warning-system Accessed 16 May 2025.

World Meteorological Organization, 2022: WMO Atlas of Mortality and Economic Losses from Weather, Climate, and Water

Aside from risk management, there are several r
are not normally submer .
(WMO and UNESCO 2091 o it A flsh oo o ® Intaguse food sk assossment g wh)  Exremen (1570.2016) (WMDo. T247) 2072 upcke
- -
! a). I *  Avoid building on flood-prone land. WMO, 2025: Floods. World M logical Org ion (WMO). Available from:_https://wmo.inttopics/floods  Accessed 16 May
2025.

Reference

WMO and UNESCO, 2012. Definitig
World Meteorological Organization

Organization (UNESCO). https://libg

Accessed 16 May 2025.

Annotations o ) TLO210; TL0213); Drain & 4
storm surges, tsunamis, ice jams and glacia (TL0215}; Pallution (TLO30
Synonyms land use planning, etc. (Geoscience Austral [TL0307): Land Transpertation References

Flood, Inundation, High Water

Additional scientific description
Whereas floods are defined in hydrology as
which the water level recedes at a slower rg
UNESCO, 2012), flooding represents the h
of the water body.

. . . . . ) ?print=s = J
Flooding can include: two-thirds of deaths associated with flooding . :‘ 2757print=pdféipage=1 Accessed 16 May 2025
) | ion, carbon ide poisoning a N Geoscience Australia, no date. Flood. Available f
. Ooutll Flood: Coastal flooding occ| 2013). .y Accessed 16 May 2025.
riverine and flash floods near the co . . i . ol
and high winds coinciding with high Morbidity associated with floods is usually d *  0Od Maranzoni, A., D'Oria, M., and Rizzo, C., 2022. C
pressure. In particular conditions, s as delayed) (WHO, 2013). Hypothermia ma 2" Risk Management, 16{1). Available from: hittps:(/
inati i periods (WHO, no date). There may also be; . ©
combination of the shallawing of the exposure 1o flood waters and rain). Power o su NOAA, no date a. Flash Flooding Definition. Nati
. Efl:rh? mﬁma;ﬂ increasing the risk of water-bome diseases Which institution(s) produce(s) | ° " Service. Available from: www.weather.qov/phi/Fl
wincs eaincloia Igh tides, the WHO, no date). Floods can potentially incre i " ? w3 .
riverine flooding causes overflow nd ( } potentially isaster Risk Data/Information? | [ NOAA, no date b. Severe Weather 101: Flood B
(WMO, 2011). Therefore, it is challe The longer-term health effects associated w) su :
«  Flash Flood: A flash flood is a fiood destruction of homes, delayed recovery and von Sun, Q., Mann, J. and Skidmore, M., 2022. The |
+  Fiuvial (Riverine) Flooding: Overfioy Economic impacts from floods: According td . E? on Small Business. Water Economics and Policy
2012). Climate and Water Extremes, between 197( fad hitps:/iworldscientific.com/doil10.1142/52382624
+  Groundwater Flood: A groundwater ?d, ones. ;T:r Ehsesgi?y‘;i;';";e:uzc(.".",,","gczlz e UNDRR, no date. Hazards. Flood. UNDRR Prev
i ! . . ' base/hazards/flood Accesse .
channels or the rising of groundwat networks and agricultural activities, and dan *  Enj Accessed 16 May 2025
level and groundwater flow are excq example, the event known as “The Great Fi mif WMO and UNESCO, 2012. Intemnational Glossar
« lce-Jam Flood Including Debris: An impacting areas along the Missouri River. T| Flooding]} United Nations Educational, Scientific and Cultur]
cakes, below ice cover. It is broken agriculture, with the prolonged nature of the rainfall, https:/fibrary. wmo.intrecords/item/35589-internal
local floods (WMO, 2012). acres. Various industries in the region expe How is ‘hj Hazard y alongsidg WMO. 2009, | ed Flood M Co
—— Observed/Monitored/Forecast? | Computd y . Integrati lood Management, Con
; other shipping routes (Sun et al., 2022).
*  Ponding (Drainage) Flood: A pandi PpIng ¢ ) c from: Intearated Flood Management Accessed
because it is falling faster than the ¢ Mult-hazard Context: The figure below sum) communy i
+  Snowmelt Flood: A snowmelt flood should be used with caution and not be sole lives. WMO, 2011. Manual on Flood Forecasting and

during the winter (WMO, 2012).

Key relevant UN convention(s) / multilaj

Examples of hazard drivers, impacts and}

Sendai Framework for Disaster Risk Reduct

Hazard Drivers: Floods tend to be caused b
pressure areas, thunderstorms, and tropical
geography and whether it is an urban area

of a heavy rain event or far downstream aw:

Impacts: More people are impacted by flood
with developing countries most at risk. Alma
devastating consequences, causing mortaliff
dangerous due to their speed and destructiy

Health impacts from floods: The effects of fl
resulting from trauma and drowning to infec
outcomes are relatively easy to track, ascerf

Building & Infrastructure Failul

Waste (TLOSO1); Landfilling |
]

Monitoring: The section above and the table be|
forecasting within a national early warning syste
current and specific information regarding EWS}
responsible for disaster management.

Bell, R., J. Lawrence, S. Stephens, S. Allan, P. B}
New Zealand guidance. pp. 75-81. In: Australasig

BGS, 2010. Groundwater flooding research overy
https:/fiwww2.bgs.ac.uk/oroundwater/flooding/ardl

Emmer, A., 2017. Glacier Retreat and Glacial La
hitps:lioxt ! I ) ;

from: hitt

Develop new building codes to reinforce

Create more space for rivers, floodplains
Ensure health of coastal reefs and mang
Maintain early warning systems, backed

Have an evacuation plan for those at risk]
Catalyze finance and insurance schemesy
Protect and evacuate animals®™ (UNDRR,

Mibrary wmo.int/records/itern/3588 1-

WHO, no date. Flooding and communicable diseases fact sheet. World Health Organization (WHO). Available from:
hitps:/iris.who.inthandle/10665/232690 Accessed 16 May 2025.

WHO, 2013. Floods in the WHO European Region: Health effects and their prevention. World Health Organization (WHO), Regional
Office for Europe. Available from: hitps:/(apps.who intirisihandle/10665/108625 Accessed 16 May 2025,

Coordinating agency or organisation
World Meteorological Organization (WMO).
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UNDRR-ISC Hazard Information Profiles 2025 update

Meteorological & Hydrological
Thunderstorm (MHO103); Cyclones [MHO306; MHD307;

MHO308; MHO309]; Rain (MH0402)

Technological
Dam Failure (TLO205);
Reservoir Flooding
(TLO215)

[ Flooding (MHD&00) ]

Biological
Diarrhoeal Diseases (BI0103); Waterbome

Diseases (BI0110); Cholera (BI0Z04);
Locust {BICM02); Fungal Plant Disease
{BIOS02}; Human-Wildlite Conflict
[BIOED); Snakebite Envenoming (BI0G0S)

Technological -\1
Building & Infrastructure Failures (TLO201; TLOXO3; TLOX04; TLOXOS; TLOXOG;
TLOZ10: TLO213): Drain & Sewer Fleoding (TLDR214): Reservoir Flooding
(TLO215); Pollution (TLO302); Soil Pollution [TLO303); Mining Hazards
(TLO307); Land Transportation Accidents (TLO404, TLOADS); Disaster & Conflict
Waste (TLDS01); Landfilling (TLOS09); Waste Treatment Lagoon (TLOS10);
I“\.__ Tailings (TLOS11);

J
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2025 Hazard Information Profiles (HIPs) online reference

The 2025 updaote of the UNDRR-ISC

A description of each of the 281 hazard information profiles (HIPs), developed using a consultative process by
scientists and experts across the globe.

Information
Profiles

Following the recommendation for regular review and update, three years after their initial release, the UNDRR and the ISC undertook an
update of the UNDRR-ISC HIPs: the revised publication is available now and the online resource below has been updated. A machine
actionable data set will be available in the coming weeks.

The HIPs serve as a trusted source of scientifically grounded, standardized hazard information used by governments, agencies, researchers and
educators worldwide. They support risk assessment, disaster preparedness, loss tracking and multi-sectoral planning. Above all, they are a
practical resource — valued because they are usable, useful and used.

The Hazards Information Profiles and the Technical report provide an important resource to support the implementation of disaster risk reduction
and risk-informed investment, aligned with the Sendai Framework for Disaster Risk Reduction 2015-2030, but also the Sustainable Development
Goals of Agenda 2030, the Paris Agreement on Climate Change and the Addis Ababa Action Agenda on Sustainable Financing. It provides a
common set of hazard definitions to Governments and stakeholders to inform their strategies and actions on risk reduction and management.

m— & g, @UNDRR
The HIPs support the development and updating of national and local disaster risk reduction strategies and loss databases, as well as integrating

disaster risk reduction into national statistics, legal, accounting and regulatory frameworks and public and private policy, financing and invesiment  Read the 2025 publication
decisions.
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The Hazard Information Profiles
are an encyclopedia for resilience
(P

8 Clusters: 53 Hazards

2 Clusters: 4 Clusters:
10 Hazards 9 Hazards
1 Space Weuther Hydrological and e
3 aterrestrial
Meteorological il

Extraterrestrial

7 Clusters: 6 Clusters:
27 Hazards 83 Hazards
1. Heavy Metals & Trace 1. Infectious diseases
i E:wms 2. Specific infectious
Ry Chemical Biological bbb amgl
4. Asphyxiant gases 3. Animal Infectious
5. Persistent Organic
Pollutants H 4, Insect-related diseqses
Ty azards e
and icals

7. Other Chemical Hazards

Geological Environmental

 Chistare: Technological

25 Hazards

1. Seismic

2. Volcanic

3. Ground Failure 4

4. Other Hazards 6 Clusters: 50 Hazards

1. Cyber Hazards

2. Construction Failure

3. Industrial failure

4. Transportation Accidents
5. Waste

6. Radiation
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N Surface air temperature anomaly in January 2025
Reference period: 1991-2020 « Data: ERAS -« Credit: C3S/ECMWF
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| Earth is becoming hotter and more dangerous for everyone, everywhere. To tackle the root cause, countries must phase out fossil fuels - fast and fairly.
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