
https://www.researchgate.net/publication/376265453_undrr_closingclimatedisasterdatagaps_final?enrichId=rgreq-9a701e53202e47cd8fe485263c6ab5f5-XXX&enrichSource=Y292ZXJQYWdlOzM3NjI2NTQ1MztBUzoxMTQzMTI4MTIwOTg3NzM2NUAxNzAxODkwNjIyNjc0&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/376265453_undrr_closingclimatedisasterdatagaps_final?enrichId=rgreq-9a701e53202e47cd8fe485263c6ab5f5-XXX&enrichSource=Y292ZXJQYWdlOzM3NjI2NTQ1MztBUzoxMTQzMTI4MTIwOTg3NzM2NUAxNzAxODkwNjIyNjc0&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-9a701e53202e47cd8fe485263c6ab5f5-XXX&enrichSource=Y292ZXJQYWdlOzM3NjI2NTQ1MztBUzoxMTQzMTI4MTIwOTg3NzM2NUAxNzAxODkwNjIyNjc0&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Debarati-Guha-Sapir?enrichId=rgreq-9a701e53202e47cd8fe485263c6ab5f5-XXX&enrichSource=Y292ZXJQYWdlOzM3NjI2NTQ1MztBUzoxMTQzMTI4MTIwOTg3NzM2NUAxNzAxODkwNjIyNjc0&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Debarati-Guha-Sapir?enrichId=rgreq-9a701e53202e47cd8fe485263c6ab5f5-XXX&enrichSource=Y292ZXJQYWdlOzM3NjI2NTQ1MztBUzoxMTQzMTI4MTIwOTg3NzM2NUAxNzAxODkwNjIyNjc0&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universite-Catholique-de-Louvain-UCLouvain?enrichId=rgreq-9a701e53202e47cd8fe485263c6ab5f5-XXX&enrichSource=Y292ZXJQYWdlOzM3NjI2NTQ1MztBUzoxMTQzMTI4MTIwOTg3NzM2NUAxNzAxODkwNjIyNjc0&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Debarati-Guha-Sapir?enrichId=rgreq-9a701e53202e47cd8fe485263c6ab5f5-XXX&enrichSource=Y292ZXJQYWdlOzM3NjI2NTQ1MztBUzoxMTQzMTI4MTIwOTg3NzM2NUAxNzAxODkwNjIyNjc0&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/M-Conceicao-Colaco?enrichId=rgreq-9a701e53202e47cd8fe485263c6ab5f5-XXX&enrichSource=Y292ZXJQYWdlOzM3NjI2NTQ1MztBUzoxMTQzMTI4MTIwOTg3NzM2NUAxNzAxODkwNjIyNjc0&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/M-Conceicao-Colaco?enrichId=rgreq-9a701e53202e47cd8fe485263c6ab5f5-XXX&enrichSource=Y292ZXJQYWdlOzM3NjI2NTQ1MztBUzoxMTQzMTI4MTIwOTg3NzM2NUAxNzAxODkwNjIyNjc0&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University-of-Lisbon?enrichId=rgreq-9a701e53202e47cd8fe485263c6ab5f5-XXX&enrichSource=Y292ZXJQYWdlOzM3NjI2NTQ1MztBUzoxMTQzMTI4MTIwOTg3NzM2NUAxNzAxODkwNjIyNjc0&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/M-Conceicao-Colaco?enrichId=rgreq-9a701e53202e47cd8fe485263c6ab5f5-XXX&enrichSource=Y292ZXJQYWdlOzM3NjI2NTQ1MztBUzoxMTQzMTI4MTIwOTg3NzM2NUAxNzAxODkwNjIyNjc0&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Andrew-Kruczkiewicz?enrichId=rgreq-9a701e53202e47cd8fe485263c6ab5f5-XXX&enrichSource=Y292ZXJQYWdlOzM3NjI2NTQ1MztBUzoxMTQzMTI4MTIwOTg3NzM2NUAxNzAxODkwNjIyNjc0&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Andrew-Kruczkiewicz?enrichId=rgreq-9a701e53202e47cd8fe485263c6ab5f5-XXX&enrichSource=Y292ZXJQYWdlOzM3NjI2NTQ1MztBUzoxMTQzMTI4MTIwOTg3NzM2NUAxNzAxODkwNjIyNjc0&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Columbia-University?enrichId=rgreq-9a701e53202e47cd8fe485263c6ab5f5-XXX&enrichSource=Y292ZXJQYWdlOzM3NjI2NTQ1MztBUzoxMTQzMTI4MTIwOTg3NzM2NUAxNzAxODkwNjIyNjc0&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Andrew-Kruczkiewicz?enrichId=rgreq-9a701e53202e47cd8fe485263c6ab5f5-XXX&enrichSource=Y292ZXJQYWdlOzM3NjI2NTQ1MztBUzoxMTQzMTI4MTIwOTg3NzM2NUAxNzAxODkwNjIyNjc0&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/M-Conceicao-Colaco?enrichId=rgreq-9a701e53202e47cd8fe485263c6ab5f5-XXX&enrichSource=Y292ZXJQYWdlOzM3NjI2NTQ1MztBUzoxMTQzMTI4MTIwOTg3NzM2NUAxNzAxODkwNjIyNjc0&el=1_x_10&_esc=publicationCoverPdf




Disclaimer

The designations employed and the presentation of the material in this publication do not imply the expression of any 
opinion whatsoever on the part of the Secretariat of the United Nations concerning the legal status of any country or 
territory or of its authorities or concerning the delimitations of its frontiers or boundaries. The designations of country 
groups in the text and the tables are intended solely for statistical or analytical convenience and do not necessarily 
express a judgment about the stage reached by a particular country or area in the development process. Mention of 
the names of firms and commercial products does not imply the endorsement of the United Nations.

Some rights reserved. This work is made available under the Creative Commons AttributionNonCommercial 3.0 IGO 
licence (CC BY-NC IGO), available at https://creativecommons.org/licenses/by-nc-sa/3.0/igo/deed.en.

Under the terms of this licence, this work may be copied, redistributed and adapted for non-commercial purposes, 
provided that the work is appropriately cited. In any use of this work, there should be no suggestion that UNDRR 
endorses any specific organization, products or services.

The use of the UNDRR logo is not permitted. If a translation of this work is created, it must include the following 
disclaimer along with the required citation below: “This translation was not created by the United Nations Office 
for Disaster Risk Reduction (UNDRR). UNDRR is not responsible for the content or accuracy of this translation. The 
original English edition shall be the authoritative edition.”

Users wishing to reuse material from this work that is attributed to a third party, such as tables, figures or images, 
are responsible for determining whether permission is needed for that reuse and for obtaining permission from the 
copyright holder. The risk of claims resulting from infringement of any third-party-owned component in the work rests 
solely with the user.

UNDRR information products are available for non-commercial use. Requests for commercial use, rights and 
licensing should be submitted via https://www.undrr.org/contact-us. This publication may be freely quoted but 
acknowledgement of the source is requested.

Citation: UNDRR (2023), Closing Climate and Disaster Data Gaps: New Challenges, New Thinking, United Nations 
Office for Disaster Risk Reduction

To download the full report, visit: https://www.undrr.org/publication/closing-climate-and-disaster-data-gaps-new-
challenges-new-thinking 

© 2023 UNITED NATIONS OFFICE FOR DISASTER RISK REDUCTION

For additional information, please contact:  
United Nations Office for Disaster Risk Reduction (UNDRR) 
7bis Avenue de la Paix, CH1211 Geneva 2, Switzerland, Tel: +41 22 917 89 08

ii



Contributors: 

•	 Debarati Guha-Sapir (Center for Humanitarian Health, Bloomberg School of Public Health, Johns Hopkins 
University; Centre for Research on the Epidemiology of Disasters – Association pour l’Etude Epidemiologique 
des Désastres [CRED-ASED])

•	 Sarah Elizabeth Scales (Epidemiology, College of Health Sciences, University of Delaware; CRED-ASED)

•	 Andrew Kruczkiewicz (International Research Institute for Climate and Society, Climate School, Columbia 
University; Faculty of Geo-information Science and Earth Observation, University of Twente; Red Cross Red 
Crescent Climate Centre)

•	 Nathalie Marie Arfvidson Umaña (International Research Institute for Climate and Society, Climate School, 
Columbia University)

•	 Ivy Das Gupta (Department of Economics, The Bhawanipur Education Society College, Kolkata, India)

•	 M. Conceição Colaço (Center for Applied Ecology Baeta Neves [CEABN-InBIO], School of Agriculture, University 
of Lisbon)

•	 Rashmi Venkatraman (Department of Public Health, Environments and Society [PHES], Faculty of Public Health 
and Policy, London School of Hygiene and Tropical Medicine)

Acknowledgement

UNDRR would like to acknowledge its major core donors Finland, Japan, Norway, Sweden and Switzerland for their 
support, as well as other core contributors, including Australia, China, Czechia, France, Israel, Luxembourg, 
the Philippines and the Republic of Korea. 

The views expressed in this publication are the authors’ alone, and its contents are the sole responsibility of UNDRR 
and do not necessarily reflect the views of the donors.



Closing Climate and 
Disaster Data Gaps:

New challenges,  
new thinking  

				  
				  
				  
Working 	
Paper



5

Working Paper

TABLE OF CONTENTS 
 
ACRONYMS	 	 								              7

Introduction� 9 
1.1	 OBJECTIVES OF THE REPORT� 10 
1.2	 BACKGROUND AND CONTEXT					          		       11 
1.3	 MISSING DATA									              13

		

Data gaps and climate hazards: Why does it matter?	�  17

2.1		  HEATWAVES� 19
2.2		  WILDFIRES									              24
2.3		  STORMS										              30
2.4		  FLOODS										               36

 
New data, new thinking: Perspectives on climate and disaster 
data collection and analysis							          41

3.1	 WIDENING THE DISASTER DATA ECOSYSTEM: THE CASE OF HEATWAVES	   	       42
3.2	 DISAGGREGATING DISASTER DATA: EXAMPLES FROM STORMS			      	       45  
3.3	 OVERCOMING OBSTACLES TO DISAGGREGATING DATA: A FOCUS ON FLOODING	      	       50
3.4 		  NEW TRACKING SYSTEM FOR HAZARDOUS EVENTS AND DISASTER  

       LOSSES AND DAMAGES							         	       54

Summary of recommended actions 						         56 
 
 
 
REFERENCES								                       60

04

03

02

01



6

Closing Climate and Disaster Data Gaps: New challenges, new thinking

List of boxes

Box 1: 	 Missing data in EM-DAT: Characterization and implications					     15
Box 2: 	 Wildfires and cascading hazards								        27
Box 3: 	 Mozambique’s co-occurring climate and health disasters					     33
Box 4: 	 Agriculture’s climate disaster impacts and the need for disaggregated data			   39
Box 5: 	 Psychological perceptions of wildfire risk							       44
Box 6: 	 Mapping climate disasters in Bangladesh							       47
Box 7: 	 Early warning systems									         53



7

Working Paper

ACRONYMS

AA Anticipatory action

BBC British Broadcasting Corporation

CI Confidence interval

DRR Disaster risk reduction

EM-DAT Emergency Events Database

EWS Early warning system

FAO Food and Agriculture Organization 
of the United Nations

GWIS Global Wildfire Information 
System

HIV Human immunodeficiency virus

IPCC Intergovernmental Panel on 
Climate Change

ISC International Science Council

MHEWS Multi-hazard early warning 
system

NCEI National Centers for 
Environmental Information

NDMA National Disaster Management 
Authority

PDNA Post-disaster needs assessment

RECIPE 
project

Reinforcing civil protection 
capabilities into multi-hazard 
risk assessment under climate 
change

SIDS Small island developing States

UNDRR United Nations Office for Disaster 
Risk Reduction

UN OCHA United Nations Office for the 
Coordination of Humanitarian 
Affairs

WMO World Meteorological 
Organization



8

Closing Climate and Disaster Data Gaps: New challenges, new thinking

Credit: Marcus Kauffman/Unsplash



9

Working Paper

INTRODUCTION

1
1.1	 Objectives of the report

1.2	 Background and context

1.3	 Missing data



10

Closing Climate and Disaster Data Gaps: New challenges, new thinking

1.1	 OBJECTIVES OF THE 
REPORT
With extreme heatwaves, wildfires, storms and flooding 
becoming ever more frequent and severe due to 
climate change, it has never been more important to 
fully understand their consequences. Yet while some 
data on these hazards are available for advocacy 
purposes, reliable and curated data on population- and 
community-level impacts are harder to find, and the 
specialized data that is available is often too complex 
for straightforward and rapid policy analysis. Critically, 
we also lack sufficiently detailed data about population 
risk profiles, such as what groups of people are at 
greater risk and disproportionally affected by climate-
related disasters and their consequences. Examples 
of consequences include death or injury, displacement, 
damage to assets, and disruption to services and 
livelihoods, among others. These data gaps are limiting 
our capacity to design the most efficient and effective 
disaster risk reduction (DRR) and adaptation strategies.

This report examines significant and specific gaps in 
long-running disaster impact data sets which skew our 
knowledge about global patterns and trends. The report 
identifies substantial variability in the same impact 
measurements – including the key metric of mortality – 
across global databases. Additional gaps include long-
standing disagreements about disaster data-reporting 
standards around the world, and only a partial global 
consensus on disaster definitions and parameters. 
This report summarizes the main data issues involving 
human impacts of disasters, and does not review all 
existing databases.1

1	 This report uses EM-DAT only as an example database to illustrate the main points. For reference, the EM-DAT data includes events 
conforming to at least one of the following criteria: 10 or more people dead; 100 or more people affected; declaration of a state of emergency; 
a call for international assistance.

2	 These are some of the key hazards that the Secretary-General of the United Nations identified in his call to action to ensure every person on 
Earth is protected by early warning systems (EWSs) within five years (Secretary-General of the United Nations, 2022). Nonetheless, the gaps 
and recommendations identified for these hazards are also applicable to other hazards, and hence are relevant in the context of multi-hazard 
early warning systems (MHEWSs).

Disaster data deficiencies make combined or joint 
analyses very challenging. They also distort people’s 
perception of the risks of climate change, and confound 
analyses with its full impacts. To improve this situation, 
this report identifies gaps in a wide range of data 
about selected hazards – heatwaves, wildfires, storms 
and floods2 – and recommends priorities for action to 
improve data ecosystems working on these hazards. 
Our recommendations include feasible steps that can 
be taken to improve subnational data collection about 
the most at-risk groups. The recommendations also 
include actions that data providers should undertake to 
make sure the information provided to DRR managers, 
practitioners and affected populations is useful, 
relevant and accessible. To this end, we ask four critical 
questions:

	• Do we have the disaster impact data we need 
to develop and support appropriate DRR and 
adaptation actions? If not, what is missing?

	• How do we improve data collection and engage 
local, national and regional entities to capture 
the impacts of unreported or underreported 
events, including smaller but persistent localized 
disasters?

	• What obstacles prevent necessary data 
disaggregation, and what steps can be taken to 
overcome these barriers?

	• How can we improve data ecosystems to turn 
available and future data into usable information 
for DRR and adaptation policymakers, 
practitioners and affected populations?
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Figure 1. Global average surface temperatures, a primary driver of climate change, have been rising since 
the twentieth century. The blue bars indicate cooler-than-average years, the red warmer-than-average years 
(United States of America, National Oceanic and Atmospheric Administration, 2023).
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3	 See https://www.undrr.org/disaster-losses-and-damages-tracking-system. It should be noted that the current disaster loss database  
(https://www.desinventar.net/) and its planned successor record disaster events at all scales without applying any threshold.

4	 See https://www.undrr.org/monitoring-sendai-framework.

The findings and recommendations of the report will 
inform the development of a new tracking system for 
hazardous events and disaster losses and damages,3 
as well as advancing the Sendai Framework monitoring 
system.4 

1.2	 BACKGROUND AND 
CONTEXT
Despite the wealth of disaster data amassed over 
decades, the persistent lack of standardization 
in disaster impact reporting across regions and 
jurisdictions makes the collation of complete and/or 
comparable data sets an ongoing challenge (Jones, 
Guha-Sapir and Tubeuf, 2022; UNDRR, 2022). Even 
the most critical metric, disaster deaths, is beset with 
methodological issues around defining and measuring 
disaster-specific mortality. 
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Figure 2, for example, demonstrates how different 
methods of counting heatwave deaths have impacted 
on mortality totals in two major data sets covering 
India between 1992 and 2020. Similar disparities can 
be found across other databases. Without national, 
regional and international agreement on essential 
methodologies, comparisons across time and regions 
are challenging and – very often – invalid. There are two 
important methodological issues: 

5	 The disparity between the two trendlines reflects the distinct methodologies employed by EM-DAT and India’s NDMA, which result in different 
annual mortality counts, and some years where no heatwave-attributed deaths were recorded at all.

i.	 the lack of standardized approaches to establish 
baseline mortality; this would allow analysts to 
measure whether disaster-related deaths were in 
excess of what would be expected otherwise, and

ii.	 non-specific methods to attribute deaths to a  
given disaster or a disaster-related incident.

These issues are an important technical stumbling 
block which makes monitoring and reporting against 
the Sendai Framework indicators challenging.

Figure 2. Divergent Indian heatwave mortality data derived from the Emergency Events Database (EM-DAT) 
and the National Disaster Management Authority (NDMA) of India.5
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Beyond the issue of measuring progress on targets, are 
analytical problems that arise from disaster data that are 
siloed in sector-specific databases, with little integration 
or interoperability between them. This is despite years of 
international efforts to bring together climate scientists 
and disaster risk managers to create a more cohesive 
approach to climate change adaptation and disaster 

risk management. The continued “siloed” thinking risks 
diverting attention away from the causal connections, 
co-occurrences, and compounding impacts of climate 
hazards such as storms and floods, and, less obviously, 
heatwaves, windstorms, wildfires and flash floods, as 
discussed below. Siloed thinking about risk and DRR 
measures also inhibits thinking about the “new normal” 
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of frequent and severe weather events, and changing 
global climate patterns. If climate disasters are endemic, 
they cannot be perceived as unexpected emergencies, 
nor approached as one-off events.

Equally thorny is the issue of who exactly is most 
at risk from climate disasters, without which DRR 
policies cannot be targeted at the most vulnerable 
groups. Building reliable risk profiles requires a level 
of disaggregated data on affected populations by 
gender, age, and other demographic, geographic and 
socioeconomic metrics, which is all too often missing.

The need to integrate our understanding of and 
responses to the impacts of climate change is central 
to the Bali Agenda for Resilience,6 the core outcome of 
the Global Platform for Disaster Risk Reduction (2022). 
The Bali Agenda for Resilience calls for new analytical 
tools to synthesize abundant but mismatched climate 
disaster data to prevent misleading conclusions from 
“siloed”, conflicting or fragmented data. This report is 
one response to that call.

1.3	 MISSING DATA
In this report, we categorize missing disaster data 
under two broad headings: firstly, gaps in established 
data sets, and secondly, information that is potentially 
quantifiable but not collected in ways that can effectively 
inform DRR decision makers and practitioners. Both 
categories affect the reliability of the evidence upon 
which disaster impact analyses are based, leading to 
potentially biased conclusions, ill-judged decisions, and 
ineffective or harmful actions.

Gaps in data sets can be traced to many sources, starting 
with the inherent difficulties in capturing disaster events 
and then collecting data during the initial humanitarian 
phase, when, necessarily, circumstances are difficult 
and dangerous, and the impacts are complex and 
heterogenous. To accurately reflect direct impacts, data 
needs to be collected as near as possible to the event, 
in terms of both time and place. While remote satellite 
imaging and drone monitoring can fill some data gaps 
– and mathematical modelling others – often it is only 
the front-line responders and others “on the ground” 
who can assign gender, age, occupation and additional 
details such as disability to the records of people killed, 
injured, displaced or otherwise affected. However 

6	 See https://www.undrr.org/publication/co-chairs-summary-bali-agenda-resilience-risk-resilience-towards-sustainable.

difficult it may be, unless such data is recorded in the first 
instance, it cannot be reliably inferred or analysed later.

From a statistical analysis point of view, the main 
problem is the lack of standards and respective 
structured data across a range of human health impacts, 
economic costs, ecological losses and other damage, 
direct and indirect. Currently, disaster data tend to be 
aggregated at the national level in line with national 
protocols, with records often biased towards disasters 
with the heaviest human or economic costs. In turn, this 
distorts global patterns in favour of disasters which hit 
densely populated urban areas and/or regions with 
higher asset values, typically those in the Global North. 
In addition, in some situations, relying solely on national 
sources can bias records. Higher numbers of victims 
can influence levels of aid; conversely, lower recorded 
impact can absolve authorities of responsibility for 
both preparedness and response. This points to further 
strengthening of official statistics systems. 

Known gaps in EM-DAT, for example, are most 
systematic for economic impacts in low-income 
countries, along with data from protracted events such 
as droughts and those with long recovery times (Jones, 
Guha-Sapir and Tubeuf, 2022). Heatwave records from 
2000 to 2019 are also notably uneven. Of the 87 per 
cent of events with one or more reported human impact 
indicator, 48 per cent came from European countries, 
another 40 per cent from Asia-Pacific countries, and 
only 9 per cent and 4 per cent from the Americas and 
Africa respectively. Of the 12 per cent of heatwaves 
reporting damage in this period (n=17), 71 per cent 
were from European countries (n=12), followed by Asia 
and the Pacific at 24 per cent (n=4), and Africa (n=1).

Taken together, the complexities in recording, reporting 
and compiling disaster impact records frequently 
result in data sets that are fragmented, disjointed or 
incomplete, particularly in databases with a global 
reach. Figure 3, for example, shows the results of the 
EM-DAT study mentioned above, which diagnosed data 
missing from records for 11,124 natural hazard-related 
disasters occurring between 1990 and 2020. This 
is a restricted data set within EM-DAT’s total of more 
than 20,000 disaster records stretching back to 1900.  
The survey found the proportion of records with missing 
data varied considerably, with aggregated data on total 
deaths absent from just 1.3 per cent of the sample, 
against 96.2 per cent without data on post-disaster 
reconstruction costs.
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Figure 3. Percentages of missing impact data for natural hazard disasters in EM-DAT, 1990–2022.7
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7	 Estimated damages in EM-DAT refer to the amount of damage to property, crops and livestock. The value of estimated damage is given in 
US$ (‘000). For each disaster, the registered figure corresponds to the damage value at the moment of the event, i.e. the figures are shown true 
to the year of the event.

Overall, EM-DAT has a distinct pattern of missing 
economic data compared with quantifiable human 
impacts. This in part reflects the nature of EM-DAT’s 
data sources, which concentrate on the three-month 
emergency period after an initial disaster, when the 
full economic costs are less clear. Gaps in other global 
databases reflect their individual characteristics, too, 
with content dependent on the purpose for which they 
were set up; the needs they serve; how well and how 
long they are funded; and the quality of their source 
material. What we cannot tell, of course, is how many 
small events go entirely unrecorded in national or global 
databases, even though they may have had devastating 
local impacts. This gap highlights the importance of 
advocating for and supporting the institutionalization 
of national losses and damages databases.

Data gaps are a common problem among all disaster 
databases, particularly those with global coverage. 
Awaiting better data-collection methods, data 
scientists must account for the missing values to 
improve the reliability of information derived from 
partial but available data. To effectively do this, analysts 
must calculate the proportions of missing data, 
identify patterns of data gaps, and assess potential 
associations between missing and observed data.  
A more detailed consideration of the non-random 
nature of EM-DAT’s data gaps is included in Box 1. Since 
missing data is a ubiquitous challenge, these findings 
highlight a general caveat about drawing conclusions 
from incomplete data sets. We must not only consider 
the quality of the source material about disaster 
impacts, but we must also evaluate how these numbers 
have been analysed. Failing to account for missing data 
introduces a very important bias into analyses and can 
lead to misinformed DRR policies and practices.
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Box 1. Missing data in EM-DAT: Characterization and implications

Assessing potential associations between missing and observed data can help data scientists 
make assumptions about the type of missingness within the data (Rubin, 1976). A diagnosis of a 
restricted EM-DAT data set – 11,124 disaster events attributed to natural hazards between 1990 
and 2020 – revealed missing data were not missing completely at random (Jones, Guha-Sapir and 
Tubeuf, 2022). Among seven variables – four for human impacts and three economic – the human 
impact data was more complete than the economic data. For example, total deaths were observed 
for 98.7 per cent of events. Only a small proportion of the sample had complete information for 
each variable, with missing data sporadic for the human impacts, less sporadic for all economic 
variables, and consistently missing for reconstruction costs and insured damage. This non-random 
pattern reflected the characteristics of EM-DAT, which collates most of its data from the three 
months following a disaster event, when count records primarily portray human consequences, 
notably the numbers of people missing, affected and dead.

Certain parameters of a disaster impact can influence missingness more than others, such as 
the duration of an event, which can be problematic to define. Phenomena such as droughts or 
heatwaves are more likely to have missing data compared to others, such as floods and cyclones. 
Overall, human impact metrics – the number affected, total deaths and number homeless – are 
generally better reported for lower-income countries than for high-income countries.
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2.1	 HEATWAVES

A heatwave is a marked warming of the air, or the invasion 
of very warm air, over a large area; it usually lasts from 
a few days to a few weeks.

(Hazard Information Profiles – Supplement to UNDRR-ISC Hazard Definition and 
Classification Review, Murray and others, 2021)

Statistics abound for 2022’s record-shattering 
temperatures around the world. In January, more than 50 
Argentinean cities experienced heat above 40°C, more 
than 10°C higher than the average. In the same year, 
India and Pakistan sweltered in the hottest temperatures 
since 1901, peaking at 49°C in Jacobabad, Pakistan. 
Heatwaves have hit countries as far apart as the Islamic 
Republic of Iran, Japan, Norway, Spain and Tunisia, and 
28 states in the United States of America. Portugal 
reported 230 heatwave deaths in the first two weeks 
of July 2022 alone, while the United Kingdom of Great 
Britain and Northern Ireland broke national records when 
temperatures exceeded 40°C on 19 July 2022, and the 
national Meteorological Office issued its first-ever level 
4 “red warning” to human health and infrastructure. Also 
in 2022, China experienced its most extensive and long-

lasting heatwave since national records began. In late 
November and early December 2022, a swathe of South 
America centred around central-northern Argentina and 
including southern Bolivia, central Chile, and most of 
Paraguay and Uruguay, suffered more record-breaking 
temperatures during two consecutive heatwaves. Amid 
these soaring temperatures, agriculture suffered as 
crops were desiccated or scorched. Worldwide, outdoor 
workers and vulnerable groups endured extreme heat 
in their millions. Neither rich nor poor countries were 
spared, although the urban poor in the Global South 
are known to experience the worst impacts of extreme 
heat, which amplifies the negative health effects of air 
pollution, over-crowding, malnutrition, poor housing, 
and lack of access to potable water or cooling green 
spaces.

Figure 4. The year 2022 was the fifth-warmest year on record. Earth was about 1.11°C (2°F) warmer than the 
late-nineteenth-century average (NASA Earth Observatory, 2022).
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From a global impact perspective, however, the problem 
of missing public health data due to heatwaves is 
particularly acute and represents a barrier to estimating 
population-wide impacts of extreme heat. For example, 
we do not know – and cannot pin down without better 
methodologies – either subnational or global totals for 
deaths attributable to heatwaves. Not only is it hard to 
prove a direct causal link between, for example, a period 
of extreme heat and the number of cardiac arrests, 
but the extent to which heat exacerbates mortality is 
highly variable at country and community levels (Guo 
and others, 2014). Analysis of data from more than 
1,800 cities in Brazil, for example, found the correlation 
between heat and hospitalizations varied according to 
geographic, demographic and temporal characteristics 
(Zhao and others, 2019). 

Regional bias about reported heatwaves is another 
significant problem at the international level. EM-DAT, 
for example, records just six extreme heat events in 
Africa in the period 2000–2021 (Figure 1 above) despite 
evidence that heatwaves of historic intensity and 
duration occurred in western coastal areas, and north-
eastern, southern and equatorial Africa. In 2019 alone, 
the number of Africans affected by heatwaves across 
the continent increased by 336 per cent compared to 
the period 1981-2010 (Igun and others, 2022). Reporting 
bias in favour of the Global North is also evident from 
Europe’s lion share of the total number of heatwaves 
recorded in EM-DAT this century (Figure 1).

This underrecording of heatwaves in the Global South 
risks undermining efforts to meet the needs of the 
majority of the world’s urban population who live in 
the Global South, where living conditions frequently 
amplify the impacts of extreme heat. Consequently, this 
amplification is even more pronounced in for low-income 
subgroups, who often cannot afford air-conditioning or 
heat-resistant building materials or designs, and are far 
more likely than wealthier individuals to live in densely 
packed housing. Throughout the world, demographic 
subgroups such as undocumented workers, socially 
vulnerable individuals and other marginalized people are 
also often excluded from national tallies of heatwave 
health impacts, including deaths (Méndez, Flores-Haro 
and Zucker, 2020; Jones and Rodriguez-Delgado, 2021; 
McQue, 2022). This is both an ethical issue and another 
significant factor in global underestimates of the total 
human costs of heatwaves.

Photo by Olivier Mesnage on Unsplash
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Figure 5. Number of extreme heat events by subregion and region recorded in EM-DAT, 2000–2021.
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The global evidence base for the impacts of heatwaves 
is also complicated by the specificity of local conditions 
that create extreme heat events, which in turn prevents 
a uniform definition of heatwaves worldwide. In their 
profile description of this hazard, UNDRR and the 
International Science Council (ISC) adopt the WMO’s 
broad definition of a heatwave as “a marked unusual 
period of hot weather over a region persisting for at least 
two consecutive days during the hot period of the year 
based on local climatological conditions, with thermal 
conditions recorded above given thresholds”. UNDRR 
and ISC further note in Hazard Information Profiles 
that “it is not possible to adopt universal numeric 
limits to characterize heatwaves, because heatwave 
conditions are locally defined and can vary significantly 
at subnational scales, due to influences of geography 
and topography, built environment, and atmospheric 
and other conditions” (Murray and others, 2021). 

Another barrier to data homogeneity for heatwaves is 
the differing measurements of heat used in different 
jurisdictions. Some countries employ heat indices, 
while others adopt more objective measurements such 
as wet bulb globe temperatures which quantify the 
lowest temperature at which an individual or object can 
cool off as moisture evaporates from its surface (Buis, 
2022). Whatever heat measurement system is applied, 
huge variations in baseline temperatures contribute 
to a wide spectrum of heat experienced locally as 

“extreme”. In Norway, for example, five days of daytime 
temperatures above 28°C and night-time temperatures 
of 16°C or more qualify as a heatwave, whereas in 
Karachi, Pakistan, temperatures must be forecast to 
hit 42°C or above with minimum temperatures no lower 
than 30°C for two days, for an extreme heat emergency 
to be declared. 

For all this analytical complexity, the health impacts of 
heat stress are well-established. These include heat 
exhaustion and heat stroke, dehydration, and increased 
cardiovascular and respiratory disease, with the latter 
aggravated when extreme heat coincides with heavy air 
pollution. We also know the types of people most at risk, 
from older persons, young people, and malnourished 
and sick people, to outdoor workers involved in 
heavy labour in industries such as construction, and 
women and children confined by cultural practices to 
overheated indoor spaces. Effective responses are well-
established, too – from the provision of potable water 
and compulsory work breaks in heat-prone workplaces, 
to provision of heat-resistant building materials and 
redesigning open spaces – even if the political will 
and available resources to implement these strategies 
are uneven. Given this range of human health impacts, 
increases in all-causes emergency hospital admissions 
during heatwaves can be an instructive proxy for 
missing public heat-health data.
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Credit: Malachi Brooks on Unsplash
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2.2	 WILDFIRES 

Wildfires are any unplanned or uncontrolled fire affecting 
natural, cultural, industrial, and residential landscapes.

(Hazard Information Profiles – Supplement to UNDRR-ISC Hazard Definition and 
Classification Review, Murray and others, 2021). 

Globally, wildfires are predominantly human-made and 
caused when living or dead vegetation is set alight 
deliberately, negligently or by accident, and then burns 
out of control. Wildfires occur in forests, grasslands, 
scrub, peat- and wetlands, cultivated land and 
abandoned land. They impact upon human health and 
livelihoods, natural ecosystems and habitats, wildlife, 
built environments and infrastructure. Wildfires also 
release significant amounts of particulate matter and 
carbon dioxide into the atmosphere.

Satellites provide a wealth of physical data about the 
frequency, extent and location of wildfires globally. 
As Table 1 illustrates, data from the Global Wildfire 
Information System (GWIS) show countries in Africa 
experience by far the largest percentages of land 
burned annually over the period 2002–2019. Africa also 
saw the largest average number of fires in this period, 

topped by the Democratic Republic of the Congo with 
an average of 117,538 fires annually over this time 
frame. The global pattern is very different, however, 
when the total areas burned each year are averaged out 
(Table 2). Then, Australia sees by far the largest area 
burned in absolute terms, followed by Angola and the 
Democratic Republic of the Congo. Brazil came sixth 
and the Russian Federation ninth in terms of the average 
annual area burned in 2002–2019. While this data does 
not distinguish between large land clearance fires and 
out-of-control wildfires, nor identify fires that destroy 
biodiverse primary rainforest or release methane from 
frozen tundra, the GWIS data do demonstrate that an 
area approximately the size of India and Pakistan 
combined is burned worldwide every year.

 
Table 1. Top 10 countries ranked by the average percentage of land burned 2002–2019 (GWIS, n.d.). 

Rank Country Average annual burned 
area (hectares) Annual % burned area Region

1 Zambia 22,743,466 30 Africa

2 Angola 36,396,706 29 Africa

3 Central African Republic 15,966,499 26 Africa

4 Mozambique 19,503,192 25 Africa

5 Ghana 5,877,825 25 Africa

6 Gambia 222,058 21 Africa

7 Senegal 4,017,017 20 Africa

8 Togo 1,115,898 19 Africa

9 Guinea 4,011,254 16 Africa

10 Benin 1,877,764 16 Africa
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Table 2. Top 10 countries ranked by the average total annual burned area 2002–2019 (GWIS, n.d.). 

Rank Country Average annual burned 
area (hectares) Annual % burned area Region

1 Australia 45,530,791 6 Oceania
2 Angola 36,396,706 29 Africa

3 Democratic Republic of 
the Congo 32,853,426 14 Africa

4 Zambia 22,743,466 30 Africa
5 Mozambique 19,503,192 25 Africa
6 Brazil 18,249,959 2 South America
7 Central African Republic 15,966,499 26 Africa
8 Tanzania 12,797,925 14 Africa
9 Russian Federation 12,690,728 1 Europe
10 Chad 9,667,011 8 Africa

Data from EM-DAT shows a steep increase in the number of people affected, injured or killed in wildfires over the 
past 30 years (Figure 6). While mortality is lower than, 
for example, storms or floods, being caught in a wildfire 
has serious health implications. Burns require specialist 
medical help, which may be hard to access if roads and 
communications are cut due to flames, smoke and physical 
damage. Inhalation of the high levels of particulate matter 

and toxins in woodsmoke causes respiratory, cardiac and 
ophthalmic diseases, while psychological trauma and 
mental ill-health can also seriously affect survivors. Post-
fire pollution in the air, land and water can exacerbate initial 
health impacts, especially when toxic waste or industrial 
products are ignited by the wildfires.

Figure 6. Increases in people affected by wildfires, 1960–2019 (EM-DAT).
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The global economic cost of wildfires is more poorly 
understood than their physical or human impacts. 
This is largely due to these costs being underreported, 
as well as complex to calculate in full. Direct costs 
include firefighting; repairs to damaged power and 
water supplies, roads, railways and communications 
infrastructure; rebuilding homes, businesses and even 
communities; and crop, vegetation and agricultural land 
losses. The destruction of biodiversity and ecosystems, 
and damage to natural “services” such as healthy soils 
and water systems, are particularly hard to quantify 
monetarily, but have a material impact on the ability of 
both human and natural communities to recover.8

8	 The Sendai Framework indicators C5 (direct economic loss resulting from damaged or destroyed critical infrastructure attributed to disasters) 
and D4 (number of other destroyed or damaged critical infrastructure units and facilities attributed to disasters) recommend including green 
infrastructure where relevant. However, these indicators are proposed as optional, and no country has yet reported on them.

The figures that are available, notably data on insured 
losses, once again skew the global pattern of economic 
costs towards wealthier nations, and wealthier regions 
within countries, thanks to their higher asset values 
and higher levels of insurance. Insured wildfire losses 
in California, United States of America, for example, 
were approximately US$ 10 billion in 2018, out of a total 
estimated cost to the state that year of US$ 12 billion. By 
way of context, Australia’s total wildfire losses in 2019 
were calculated at US$ 4.5 billion, and Indonesia’s at US$ 
5.2 billion.

Figure 7. Wildlife mitigation measures with intervention in hazard, exposure, vulnerability and accumulated 
damage (Colaço, 2017; Plana and others, 2021).
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Data about the causes of wildfires are also incomplete, 
primarily due to the difficulties of assigning ignition 
to a specific event after the fact. For example, more 
than 40 per cent of Australian vegetation fires have no 
cause assigned to them by the responding fire service. 
The main natural causes of wildfires are lightning 
strikes, with burning coal seams and volcanic activity 
also sources of ignition, but surveys illustrate the extent 
to which wildfires are a human-made problem. In Europe, 
for example, 95 per cent of wildfires were found to have 
been started by people from 1998 to 2007, 51 per cent 

deliberately, and 44 per cent through negligence or 
accident (Catry and others, 2011). In Australia, between 
1997 and 2004, some 35 per cent of wildfires were 
started accidentally, 13 per cent deliberately, and just 
6 per cent by to natural causes (Bryant, 2008). In the 
United States of America, data indicate 45 per cent of 
wildfires were ignited naturally from 2000 to 2008, with 
the majority human-made: 42 per cent of the total was 
due to negligence or accident, and 12 per cent to arson 
(Prestemon and others, 2013).    

Box 2. Wildfires and cascading risks 

It is widely recognized that heatwaves and drought increase the risk of wildfires, since 
dead and tinder-dry vegetation are products of hot, dry weather (Brown, 2018; Faivre 
and others, 2018; Chuvieco and others, 2019). With climate change forecast to increase 
the frequency of hot and dry periods, the danger of wildfires is rising in many existing 
risk-prone regions such as North and South America, Central Asia, Southern Africa and 
Australia (Jia and others, 2019). In Europe, regions at risk of wildfires are predicted to 
expand into western and central France, mountainous areas around the Mediterranean 
basin, and Central and Eastern Europe. Conversely, in today’s hottest and driest parts 
of Europe, such as within the Iberian Peninsula, the repeated scorching of soils is likely 
to mean vegetation will no longer be able to recover, thereby restricting future wildfires 
(Dupuy and others, 2020; Plana and others, 2021).

The linkages between wildfires and other hazards go beyond heat and drought. For 
example, the European Union-funded Reinforcing civil protection capabilities into multi-
hazard risk assessment under climate change (RECIPE) project in 2021, which was 
aimed at reinforcing civil protection capabilities, studied the interconnections between 
wildfires, windstorms, flash floods, and heat and drought. Figure 8 is a schematic of 
their causal relationships. By knocking down branches and trees, windstorms provide 
fuel for the fires and, if co-occurring, fan the flames, increasing the intensity and 
spread of the fire. Afterwards, burned trees and newly exposed forest margins are 
more susceptible to wind damage. Degraded woodland also exacerbates the threat 
of flash floods, as damaged tree canopies and roots are less able to deflect or slow 
rain run-off, increasing soil erosion and flash floods, especially on steep slopes and 
where burned ash and topsoil form a water-repellent layer. If people are living and 
working nearby, such cascading and compounding hazards can become significant 
and costly human disasters. Such location-specific interactions are an important area 
for further research to help DRR policymakers and practitioners to prepare effective 
local responses. 
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It can be argued that this human factor makes wildfires 
less unpredictable than purely natural phenomena, 
and therefore potentially controllable through DRR 
strategies, including collaborative communications 
campaigns aimed at preventing accidental or negligent 
fires (and alerting people to the threat of arson), and 
land management schemes to reduce flammable 
vegetation and create firebreaks. Later in this document, 
Figure 7 illustrates a range of actions risk managers 
can undertake to prevent, prepare for, and recover from 
wildfires, while Table 4 discusses psychological barriers 
that DRR communications and information systems 
must overcome to be successful.

What is less predictable than the human elements to 
wildfires – and therefore in need of continued research 
– are the complicated interactions between all the 
variables that influence their spread. These variables 
include types of land cover, which supply the fuel for 
wildfires; climate trends and localized meteorological 
factors, which determine a location’s fire risk; changing 
land use in at-risk zones, including the growth of human 
habitation and industries, which determine the human 
disaster risk; and the threat of mutually reinforcing 
multi-hazards or cascading events. Since understanding 
cascading and compounding impacts is a growing area 
for disaster risk research, Box 2 considers how wildfires 
link to other climate-related disasters, including 
heatwaves, drought, windstorms and flash floods.

Figure 8. Schematic of findings of climate-related hazard interconnections  
(Adapted from Plana and others, 2021).
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Credit: Malachi Brooks on Unsplash
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2.3	 STORMS

There are a number of different types of convective and 
pressure-related storms. For the purposes of this report, the 
Hazard Information Profiles definitions for thunderstorms and 
cyclones – including depressions, extratropical and subtropical 
– are included below.

•	 A thunderstorm is defined as one or more sudden electrical discharges, 
manifested by a flash of light (lightning) and a sharp or rumbling sound 
(thunder).

•	 A depression or cyclone is a region of the atmosphere in which the pressures 
are lower than those of the surrounding region at the same level. 

•	 An extratropical cyclone is a low-pressure system which develops in latitudes 
outside the tropics. 

•	 A subtropical cyclone is a non-frontal low-pressure system that has 
characteristics of both tropical and extratropical cyclones. Like tropical 
cyclones, they are non-frontal, synoptic-scale cyclones that originate over 
tropical or subtropical waters and have a closed surface wind circulation 
about a well-defined centre. 

(Hazard Information Profiles – Supplement to UNDRR-ISC Hazard Definition and 
Classification Review, Murray and others, 2021) 

The cascading impacts of storms is another area 
of disaster research where “siloed” data collection 
and analysis risk being detrimental to DRR planning 
and operations. Box 3 is a case study of how storms 
– in this case, two back-to-back category 4 tropical 
cyclones that swept across Mozambique and its 
neighbours in 2019 – triggered multiple physical and 
health emergencies. In 2019, high winds and heavy 
rain caused extensive flooding across Mozambique, in 
addition to the initial storm damage; the flooding in turn 
led to outbreaks of cholera, the fight against which then 
monopolized stretched resources and impacted on life-
saving malaria and HIV programmes. Mozambique’s 
experience highlights both the benefits of multi-agency 
emergency responses and the risk that even well-laid 
DRR plans can channel limited resources towards 
systems directly impacted by climate hazards and away 
from other essential services.

As with all natural hazards, storm data present their 
own challenges when trying to identify patterns, trends 
and human impacts. Complications with global storm 
data include gaps in historical records, varied recording 
and reporting practices over time and around the world, 
and a wide range of variables that contribute to storm 
formation (Seneviratne and others, 2021; Chand and 
others, 2022). EM-DAT records show Asia to be the most 
storm-prone continent so far this century, peaking in 
2015 with 62 reported events, followed by the Americas. 
The United States of America tops the list of countries 
reporting the highest number of storms, followed by 
China. Table 3 also illustrates the wide global spread of 
storm disasters, although it must be remembered that, 
as with other climate- and weather-related hazards, there 
is a dearth of data-gathering infrastructure covering 
Africa – and limited public access to what data there is 
(Gramling, 2022) – meaning yet again, global data sets 
underrepresent the impacts of storms in Africa.
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   Box 3. Mozambique’s co-occurring climate and health disasters

In March and April 2019, two tropical cyclones swept through Comoros, Malawi, Mozambique 
and Zimbabwe (JBA Risk Management, 2019), causing devastating wind damage and widespread 
flooding. The first storm, Cyclone Idai, killed approximately 600 people, injured another 1,600, and 
left 1.85 million people in dire need. An amount of US$ 282 million was mobilized in emergency aid. 
In eastern Zimbabwe alone, more than 4,000 households were destroyed. A month later, Cyclone 
Kenneth hit. Together, the two storms meant 2.2 million Mozambicans needed urgent assistance 
at a time when the back-to-back storms had ravaged local infrastructure and added layers of 
complexity to response mobilization, resource distribution, and recovery. Adding to the catastrophe 
were outbreaks of waterborne diseases, especially cholera, which is seasonally endemic to 
Mozambique.

With remote sensing helping project the paths for both Idai and Kenneth, Mozambique’s National 
Meteorology Institute was able to give advanced warning to public health and DRR partners of 
the likely worst-affected regions. This allowed resources to be prepared, allocated and mobilized 
to high-priority locations, with water, sanitation and hygiene practices quickly implemented in 
flood-affected areas. Immediately following Idai, the Mozambique Ministry of Health and World 
Health Organization deployed early warning alert and response systems to aid the rapid detection 
of potentially epidemic waterborne diseases (World Health Organization Mozambique, 2023). The 
Instituto Nacional de Saúde, established under the former Africhol framework in order to combat 
cholera, cultured specimens throughout the outbreak, while predictive modelling facilitated the 
Ministry of Health’s timely procurement of vaccines (Shanchol and Euvichol+) from Gavi’s global 
oral cholera vaccine stockpile for distribution to high-incidence areas (Chen and Azman, 2019). 
The Mozambique National Institute of Disaster Management coordinated the responses across 
administrative levels, and the Cholera Response Plan for Beira quickly set up cholera treatment 
centres and units (Cambaza and others, 2019; International Federation of Red Cross and Red 
Crescent Societies, 2022). Despite the scale of the challenges, the collaboration of multilevel, multi-
agency partners helped keep cholera fatalities below 1 per cent of cases, eight times lower than 
during Mozambique’s previous severe outbreak four years earlier (Semá Baltazar and others, 2017).

On the other hand, the rapid and effective management of the cholera outbreak monopolized 
stretched resources, with reporting of high-prevalence infectious diseases deteriorating throughout 
the cholera response period. By the later weeks of the outbreak, the number of facilities reporting 
malaria cases had decreased by 23 per cent. Meanwhile, roughly 754,000 HIV-positive Mozambicans 
lived in areas affected by the two cyclones, of whom 46 per cent required resources to adhere to their 
anti-retroviral therapies (Kojima, 2019). Despite the challenges, training, community engagement, 
and mobilization of local, national and international resources did limit disruptions to HIV case 
management, and allowed routine health services to continue in cyclone-affected regions (Pozniak 
and others, 2020).
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2.4	 FLOODS

Hazard Information Profiles give definitions for 10 flood types: 

•	 Coastal flooding is most frequently the result of storm surges and high winds 
coinciding with high tides. The surge itself is the result of the raising of sea 
levels due to low atmospheric pressure. In particular configurations, such as 
major estuaries or confined sea areas, the piling up of water is amplified by a 
combination of the shallowing of the seabed and retarding of return flow. 

•	 Estuarine flooding is flooding over and near coastal areas caused by storm 
surges and high winds coincident with high tides, thereby obstructing the 
seaward river flow. Estuarine flooding can be caused by tsunamis in specific 
cases. 

•	 A flash flood is a flood of short duration with a relatively high peak discharge in 
which the time interval between the observable causative event and the flood is 
less than four to six hours. 

•	 A fluvial flood is a rise, usually brief, in the water level of a stream or water body 
to a peak from which the water level recedes at a slower rate. 

•	 A groundwater flood is the emergence of groundwater at the ground surface 
away from perennial river channels or the rising of groundwater into human-
made ground, under conditions where the “normal” ranges of groundwater level 
and groundwater flow are exceeded. 

•	 An ice jam flood including debris is defined as an accumulation of shuga (white 
ice lumps a few centimetres across, formed from grease ice or slush, and 
sometimes from anchor ice rising to the surface) including ice cakes, below ice 
cover. It is broken ice in a river which causes a narrowing of the river channel,  
a rise in water level, and local floods. 

•	 A ponding (drainage) flood is a flood which results from rainwater ponding at 
or near the point where it falls because it is falling faster than the drainage 
system (natural or [human]-made) can carry it away. 

•	 A snowmelt flood is a significant flood rise in a river caused by the melting of 
snowpack accumulated during the winter. 

•	 Surface water flooding is that part of the rain which remains on the ground 
surface during rain and either runs off or infiltrates after the rain ends, not 
including depression storage.

•	 A “glacial lake outburst flood” is a phrase used to describe a sudden release of 
a significant amount of water retained in a glacial lake, irrespective of cause.

(Hazard Information Profiles – Supplement to UNDRR-ISC Hazard Definition and 
Classification Review, Murray and others, 2021) 
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As the example of Pakistan’s extensive and intensive 
flooding in 2022 demonstrates, the impacts of 
floods differ significantly within countries; Sindh 
Province received the most excess rainfall, but 
Baluchistan suffered the largest loss of livestock. 
Such subnational patterns exist around the world and 
need to be captured by disaggregated data-collection 
methods if specific flood risks are to be understood.  
Some disaggregated data is collected at local levels 
but is not accessible for various reasons. This includes 

the lack of interoperability and loss of detail when 
aggregating data at national level.

The next section discusses the implications of these 
issues for the data community, including new ways 
of thinking about compound and cascading risks, 
new and inclusive people-centred approaches to 
identifying and analysing risk, and future developments 
in disaggregated data collection, including better flood 
subtype reporting.

Box 4. Agriculture’s climate disaster impacts and the need for 
disaggregated data

In 2021, the Food and Agriculture Organization of the United Nations (FAO) spelled out the 
severe challenges that climate change is imposing on agriculture, and the significant long-term 
consequences for both farmers and global food security (FAO, 2021). It warned that the growing 
frequency and intensity of climate-related disasters, plus the systemic nature of climate risks, 
means the livelihoods of 2.5 billion people who rely on agriculture are increasingly at risk, and global 
food systems in jeopardy. 

FAO argues that risk-informed, resilient and sustainable agricultural development strategies require 
functioning risk information systems that can provide reliable data and statistics that are timely, 
accurate, disaggregated, gender-sensitive and widely available. Despite ongoing efforts – including 
multiple coordinated global monitoring initiatives and new and improved national statistical 
frameworks to record disaster impacts – reporting on agricultural loss indicators by United Nations 
Member States is still falling behind the 2030 Agenda and Sendai Framework targets.

The main need, it must be emphasized, is for adequately disaggregated, subsector-specific data. 
For agriculture, this means impact reports that accurately and reliably identify the effects of climate 
disasters and extreme weather on different crops, different species of livestock, and large- and 
small-scale holdings, plus socioeconomic impact data at local, national and global levels.

The FAO report also discusses how missing data impact on scientific efforts to disentangle 
human-made climate factors from natural variations which also cause extreme weather events 
that are disastrous for farmers. The most fundamental difficulty faced by analysts is the lack 
of access to reliable observational weather records and high-quality disaster impact statistics.  
As linking extreme weather events to climate change is so difficult in the absence of reliable data, 
event attribution studies have only been conducted on 8 of the 71 disasters for which World Bank-
administered Post-Disaster Needs Assessments (PDNAs) have been undertaken since 2007.  
Of those eight, five concerned droughts. Amid these data problems, international climate negotiations 
have yet to focus on research quantifying the impacts on agriculture from climate-induced weather 
extremes (FAO, 2021).
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Missing records tell their own story. A study of EM-DAT 
records over the past 30 years has demonstrated how 
gaps in climate disaster impacts are not random (Jones, 
Guha-Sapir and Tubeuf, 2022). Even today in the United 
States of America, carefully compiled economic impact 
data from a variety of sources about storms can only 
capture a partial picture of total losses. How, then, does 
the data community improve data-collection methods 
and alter our perceptions of climate-related disasters to 
encapsulate their full impacts, and by extension, all the 
people affected?

One route is to widen as well as deepen our knowledge 
about the impacts of climate-related disasters to include 
more comprehensive subnational monitoring and data 
collection. A renewed focus on hotspots and the most 
at-risk locations would capture evidence from smaller 
and more localized disasters. The cumulative effects 
of these disasters can amount to major one-off events; 
however, they do not make headlines or get into global 
databases. Not only would this widen our sources of 
data about disasters, but a subnational granular focus 
should also help counteract reporting bias in favour of 
the Global North, at a time when most of the world’s 
population lives in the Global South.

Another entrenched perception that needs to be 
addressed is the historic notion of climatic hazards as 
discrete entities or problems to be tackled separately. 
As the previous discussion illustrates, the evidence of 
their interconnectedness is clear: if a storm causes 
flooding which threatens an epidemic, or fighting 
which risks starving other essential services of 
resources, then effective DRR planning, mitigation and 
adaptation must encompass all these consequences 
or risk disadvantaging one set of people in need to 
benefit another. This in turn demands a rounded, all-
encompassing understanding of sociodemographic 
vulnerabilities within disaster zones, or DRR itself could 
become discriminatory.

There is sufficient evidence that the most vulnerable 
groups in any disaster tend to be children, older persons, 
women, people with disabilities, malnourished people, 
marginalized communities and those with the lowest 
incomes. New impact methodologies should also 
account for everyone made vulnerable by the increased 
severity of extreme weather. Here, issues such as food 
insecurity and lost livelihoods during extended recovery 
phases, introduce time horizons beyond traditional 

disaster perspectives. While current data infrastructure 
has served us well and helped to expand global 
understanding of climate hazards, today’s research 
needs have outgrown traditional methods of data 
collection. As disaster data providers, we need new 
ways of thinking, new tools to gather different data, and 
fresh ways to present our evidenced-based analyses to 
DRR policymakers and practitioners.

3.1	 WIDENING THE DISASTER 
DATA ECOSYSTEM: THE CASE OF 
HEATWAVES

For heatwaves, we have seen that weaknesses in 
heat-health monitoring methodologies mean that 
marginalized and vulnerable groups are often excluded 
from public health data. Monitoring all-cause morbidity 
is one possible proxy for measuring health impacts 
throughout an affected population. DRR actions, 
however, do not need to wait for comprehensive 
health data, since we already know what demographic 
groups are, broadly, most vulnerable to extreme heat: 
in addition to the traditionally vulnerable groups listed 
above – women, older persons, children, persons with 
disabilities – manual workers in outdoor industries and 
agriculture are also especially vulnerable to the effects 
of extreme heat.

Risk reduction strategies, therefore, 
require data that are inclusive of 
occupationally vulnerable populations 
as well as demographic groups known 
to be at high risk.
 
Heatwave data must also capture the compound risks 
posed by the combination of extreme heat and air 
pollution in high-density urban areas, plus the “heat 
island” effect created by buildings. Researching these 
uniquely urban risks will become increasingly salient 
for DRR strategies given that the proportion of the 
world’s urban population living in cities in the resource-
poor Global South is expected to increase from today’s 
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Box 5. Psychological perceptions of wildfire risk

The human-made characteristics of wildfires expand the range of data relevant to DRR policymakers 
to yet another non-traditional area for disaster data providers: the interplay between trustworthy 
public information systems and the psychology of risk perception. 

For example, research into wildfires found that risk perception is a necessary but not sufficient 
condition to prompt preparatory action. The decision to prepare or not is based on a combination 
of the information available, as well as personal and public perceptions of risk. While some people 
simply decide not to prepare, Paton and Wright (2008) found that a positive intention was insufficient 
to ensure action if people lacked help and support. Table 4 summarizes factors that inform personal 
decision-making about whether to prepare or to not prepare for wildfires as identified by Colaço 
(2017).

Trust is another key factor that shapes public and personal willingness to support fire prevention 
agencies and others involved in fire management (Moritz and others, 2014). Trust is increased 
by information-sharing between DRR platforms, fire agencies and local networks, and within 
communities, when the information is focused on the effective steps individuals and communities 
can take to mitigate their risk (Paton, Frandsen and Tedim, 2012; Moritz and others, 2014; McCaffrey, 
2015; Colaço, 2017). Open and easy access to reliable sources is essential if such interventions are 
to succeed.

Table 4.   Factors influencing communities and individual preparedness (Colaço, 2017).

Factors influencing individual decisions to prepare for wildfires

•	 The individual recognizes they are in a wildfire risk area.
•	 They already have the intention to be prepared.
•	 They expect a positive outcome, believing the planned actions will mitigate risks.
•	 They experience a sense of community, including social responsibility, feelings of belonging and positive peer 

pressure. 
•	 They are strongly attached to their property and the place where they live.

Factors influencing individual decisions not to prepare for wildfires

•	 The individual does not perceive wildfires as a priority compared to other risks.
•	 They possess inadequate resources, including the lack of practical information on how to proceed, physical and 

mental health, external support (from family and community), and financial resources.
•	 They lack knowledge about fire management, fire behaviour and causes of ignitions.
•	 They have negative expectations of the outcome of preparatory actions, and lack confidence in the effectiveness of 

measures to mitigate wildfire risk.
•	 They have a low sense of belonging to place and property, including the belief that home insurance is sufficient 

preparedness to protect property value.
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3.2	 DISAGGREGATING 
DISASTER DATA: EXAMPLES 
FROM STORMS 

Aggregated data on the impacts of climate-related 
disasters highlight what happened during a catastrophic 
event: typically, such data tell us that certain number 
of people died, were injured or made homeless during 
an event. This data can be mapped to show us where 
disasters happen (Figure 10). For storms, this is often 
coastal regions fronting oceans where tropical storms 
develop. This allows data experts to develop analytical 
tools to demonstrate which subtypes of storm-related 
flooding predominate in different parts of a country.

An alternative perspective is to ask who is most affected 
by storms. As discussed in relation to wildfires, people 
determine their own ability and willingness to listen to 
and trust information about the climate dangers ahead, 
as well as their willingness and ability to act on official 
warnings. Who these people are, where they live, how 
wealthy or poor they are, and how they receive hazard 
warnings, are therefore critical considerations when 
designing EWSs and anticipatory actions.

To inform such DRR planning, the 
definition of affected populations must 
extend beyond those directly impacted 
by disasters today or yesterday, and 
include people at risk from extreme 
climate hazards now and in the future. 
 
The implications of a people-centred approach also 
extend to the types of information data scientists 
need to obtain from disaster impact records. It is no 
longer enough to produce statistics-based accounts 
which can be used by disaster prevention officials; 
the information needs of at-risk communities must 
be served as well, if early warnings and anticipatory 
actions are to be effective.
In some high-risk locations, disaster preparedness 
is already incorporated into school curricula, helping 
children understand how to help protect themselves 
and others. In Cuba, for instance, following Hurricane 
Sandy in 2012, preparedness became a part of 
classroom education from preschool onwards (Fesser, 
2016). While this section focuses on examples of storm 
impacts, including storm-related floods, the issues 
discussed relate to other climate hazards as well.  
As we move to less siloed, more integrated approaches 
to DRR, people-centred multi-hazard early warning 
systems (MHEWSs) will increasingly become the norm.

Figure 10. Cyclone-prone districts of India located around the coasts, with variable levels of impact due to 
meteorological and climate factors in the Bay of Bengal and Arabian Sea (Mandal and Mohapatra, 2010).

Very highly prone 
Highly prone 
Moderately prone 
Less prone
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One proxy indicator for storm impacts 
on children is damage to education 
infrastructure.
 
In Madagascar, for example, severe storms in early 
2022 damaged 439 schools and disrupted education 
for more than 10,000 pupils (Save the Children 
International, 2022). In Mozambique, 778 schools were 
destroyed by the same storms, forcing nearly 305,000 
students and teachers to hold lessons in temporary 
tents (BBC, 2022).

While such proxies can and do provide valuable DRR 
data, they cannot tell the full story.

Only by disaggregating human 
impact data by key demographic 
and socioeconomic metrics can we 
understand the circumstantial factors 
that mediate disaster impacts and 
modulate risk.
 
These factors need to be clearly identified in global DRR 
frameworks and priority-setting documents, and clearly 
communicated to practitioners at regional, national and 
local levels. First, however, the data community must 
overcome the primary obstacle standing in the way of 
disaggregation: that is, the dearth of reliable, accurate 
and standardized impact reports from officials and 
others working as closely as possible to the disaster 
event.

 Box 6. Mapping climate disasters in Bangladesh

Due to its topography and geographic location on the storm-prone Bay of Bengal, Bangladesh is 
highly vulnerable to climate-and weather-related natural hazards, especially tropical cyclones, storm 
surges and floods. From 1980 to 2021, Bangladesh experienced 284 disasters caused by natural 
hazards (Asian Disaster Reduction Center, 2022), with Cyclone Bhola in 1970 among the deadliest 
events, with a toll of approximately 300,000 lives lost. Tropical cyclones caused another spike in 
mortality in 1991 of 138,882 people.

Bangladesh has mapped areas both at risk of cyclones (Figure 11) and different subtypes of floods 
(Figure 12) in subnational districts. While the flood map provides a snapshot of risk, it is potentially 
misleading since it only illustrates the dominant subtypes of flooding for each district. An enhanced 
version of the map could identify districts where there is the potential for more than one subtype of 
flooding, adding gradients of probability for such compounding events on a countrywide scale (as 
the cyclone map does). Where a dominant flood subtype overlaps with one or more compounding 
subtype, these districts could be designated as flood hotspots. Where no dominant or gradient 
flood risk exists, the map could show areas of zero flood risk.

To test and develop the accuracy of these maps, flood monitoring and reporting standards should 
be in place to review the extent of each flood event that occurs. For example, if a coastal flood 
reaches further inland than the map shows this subtype to be either dominant or probable, the map 
can be updated to show this new data. With climate change, it is important to know when, how and 
to what extent flood subtypes are occurring outside their “traditional” and/or currently known risk 
zones. This will be helpful in informing further research on evolving national and subnational flood 
risk.
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3.3	 OVERCOMING OBSTACLES 
TO DISAGGREGATING DATA: 
A FOCUS ON FLOODING

The types of data that need to be disaggregated from 
disaster impact reports are hugely diverse. They range 
from demographic breakdowns of hospital admissions 
during heatwaves, to risk aversion/risk-taking attributes 
within communities at risk of wildfires, crop damage 
reports after tropical cyclones, geolocated subnational 
areas at risk of compound flooding, and many others 
too numerous to list. What they all have in common, 
however, is that DRR analyses based upon them are 
only as good as the quality of the original data.

For floods, more research is needed to 
monitor and assess the relationship 
between floods, flood subtypes, and 
the socioeconomic and demographic 
dimensions of risk.
 
In common with other climate disasters, the main 
demographic parameters for vulnerability during the 
first phases of an emergency are broadly established. 
These include people who are marginalized, people 
on low incomes, young people, older persons, 
people who are ill and persons with disabilities. 
Front-line officials and humanitarian staff involved 
in the early stages of disaster response therefore 
need standardized documentation to capture basic 
demographic information about affected populations 
– documentation that goes beyond absolute numbers 
of people killed, injured, displaced, etc. Age and sex 
or gender are the minimum records required to start 
building a simplified risk profile of affected populations, 
while an indication of occupation is helpful as a basic 
socioeconomic metric. In multiracial settings, affected 
people’s race and ethnicity should also be recorded.

Flood risk has geographic as well as demographic 
dimensions, given the location-specific nature of 
certain impacts from flood subtypes, including flash 
floods, tidal and storm surges. The impact of floods will 
be experienced differently depending on the underlying 
socioeconomic conditions of where the flood 
occurs. This highlights the importance of developing 
strategies that can be designed specifically for various 
contexts such as urban areas, high mountain areas,  

informal settlements, conflict settings, SIDS, highly 
developed countries, and areas experiencing mass 
migration. Each of these contexts may be considered 
“hotspots” relative to other contexts. This means that 
for each context, there should be dedicated processes 
to assess risk and mitigate the type-specific flood 
risk. While risk reduction practices in one locality can 
inform practices in another, individual location-specific 
approaches cannot reasonably be superimposed in 
different, even if similar, locations.

As noted above, living with floods has been a reality 
for some communities for centuries, well before the 
impacts of anthropogenic climate change were felt. 
In other locations, climate change is creating or 
increasing the risk of devastating flooding, necessitating 
new land management strategies and resilience 
programmes. To avoid discrimination, flood mitigation 
and adaptation policies cannot prioritize people living 
in one type of location over another. 

Many communities that have for years coexisted, even 
thrived, alongside regular flooding, have social and 
climatic resilience “built in” into their livelihoods and 
ways of life out of necessity. Climate change and other 
direct and indirect factors are, however, often driving 
socioeconomic changes which threaten, disrupt and/or 
alter the viability of these traditional practices (Hilhorst 
and others, 2020).

In such instances, research is needed to 
describe activities that have historically 
allowed people to coexist with flood 
risk from one or more subtype, and the 
reasons why these practices are no 
longer functional. This is particularly 
critical for Indigenous communities. 
Data that should be gathered include 
whether the typical subtype of flood 
is becoming stronger or coming 
earlier in the season or occurring for 
a longer duration. Additionally, new 
types of floods may be occurring which 
necessitate new resilience strategies 
(Mavhura and others, 2013; Van Long, 
Cheng and Le, 2020).
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Box 7. Early warning systems 

The Sendai Framework defines EWSs as an integrated system of hazard monitoring, forecasting 
and prediction, disaster risk assessment, communication, and preparedness activities systems and 
processes, enabling individuals, communities, governments, businesses and others to take timely 
action to reduce disaster risks in advance of hazardous events (UNDRR, 2015). These are adaptation 
and risk-reducing measures that integrate disaster data with communication systems (Figure 
13) to help communities prepare for hazardous events (Perera and others, 2019). Despite many 
successes, EWSs also face challenges related to communications, financing, response capabilities, 
and the willingness of communities to trust or heed official advice. Each of these challenges needs 
to be addressed if these life-saving DRR tools are to be effectively implemented. 

Flood EWSs, for example, commonly involve national or international meteorological agencies 
issuing warnings to national authorities, with governments generally relaying the warnings via 
national or local media – to which the most vulnerable communities disproportionally lack access. 
Alternative modes of communication, such as sirens and loudspeakers, can reach low-income at-
risk people during an emergency, but can result in delayed responses.

Heat action plans rooted in the local community have, however, successfully reduced heat-related 
morbidity and mortality through active community participation. EWSs co-designed by government 
and local stakeholders foster trust and mutual confidence, and improve communications between 
communities and official agencies. Input from community leaders, municipal authorities, health 
and medical service providers, and other local stakeholders, also ensure location-specific needs are 
catered for, while shared responsibilities for implementing EWSs and early action plans often result 
in better community participation than purely top-down programmes. 

Such inclusive approaches to EWS design are gaining global support. The 2022 Global Platform for 
Disaster Risk Reduction, for example, recognized the importance of linking community-mediated 
perceptions of risk and official or governmental information about disaster threats and desired 
preventative actions. 

Another key to keeping EWSs operational after their pilot or project stage, is maintaining up-to-date 
data flows, including iterative improvements of real-time data streams. New EWS and revamped 
systems need to be flexible to new data types and standards, metadata, and other evolving 
considerations. In locations where flood EWSs and early action systems have received continued 
investment, there have been overall declines in the number of disasters resulting from flood hazards, 
although disproportional impacts on vulnerable communities continue, highlighting the need for 
DRR programmes to design interventions that reduce discriminatory outcomes.
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3.4	 NEW TRACKING SYSTEM 
FOR HAZARDOUS EVENTS 
AND DISASTER LOSSES AND 
DAMAGES

Keeping track of hazardous events, disaster losses and 
damages is an essential element of our understanding 
of risk. Losses and damages tracking processes 
and needs have changed significantly over time. 
Recurring and emerging challenges are complex and 
include, for example, quantification and economic 
valuation of losses and damages, linking impacts with 
hazards, exposure and vulnerability information, and 
understanding and tracking of cascading events and 
impacts. User needs are continuously evolving, such as 
greater interoperability between data and systems to 
mobilize synergies and reduce duplication.

Aware of the emerging user needs and the existence 
of modern solutions, UNDRR,10 UNDP11 and WMO12 are 
collaborating to develop a new system for tracking 
hazardous events and disaster losses and damages. 
The new tracking system integrates the Cataloguing of 
Hazardous Weather, Climate, Water and Space Weather 
Events (CHE), a new methodology that was approved 
by the WMO Congress in 2019. The CHE integration will 
help authorities to record, connect and track hazardous 
events such as weather phenomena, and cascading 
events with resulting impacts at different levels. 

The new system aims to fill data gaps, and builds on the 
Sendai Framework disaster data standardization. This 
includes terminologies endorsed by the United Nations 
General Assembly,  methodologies for analyses and the 
PDNA (UNDRR, 2017),13 the new hazard classification 
system with respective hazard information profiles 
(Murray and others, 2021), and further disaster-
related statistics under the United Nations Statistical 
Commission. 

10	 See https://www.undrr.org/news/undp-wmo-and-undrr-issue-statement-tracking-hazardous-events-and-disaster-losses-and-damages.
11	 See https://www.undp.org/press-releases/undp-wmo-and-undrr-issue-statement-tracking-hazardous-events-and-disaster-losses-and-

damages.
12	 See https://public.wmo.int/en/media/news/un-seeks-track-hazardous-events-and-disaster-losses-and-damages.
13	 See https://www.undrr.org/terminology.

The new system will also:

•	 enable the subnational and local-level tracking of 
losses and damages

•	 enhance the disaggregation of impact 
information by sex, age, disability, income and 
other desired levels to enable more intersectional 
analysis

•	 allow for customization to the national context 
based on the data and digital maturity of varied 
levels of data governance and capacity (UNDRR, 
2022)

•	 reduce the reporting burden of countries through 
full interoperability and alignment with the 
Sendai Framework Monitor and the disaster-
related Sustainable Development Goals

•	 be a fully government-owned and operated 
system which contains official statistics

•	 replace and enhance the existing DesInventar 
platform, with a more comprehensive and 
interoperable tracking system 

 

The new system aims to ensure that relevant data 
on hazardous events and losses and damages can 
be applied and used for varied purposes. Examples 
of use cases include strengthening EWSs, defining 
anticipatory action and social protection programmes, 
taking pre-emptive action based on the understanding 
of cascading events, and more. The effective use of 
such official disaster statistics is based on three key 
factors: the ability to (i) understand priority hazards 
at localized scales, (ii) quantify and record losses and 
damages for events of all scales, and (iii) self-assess 
progress in resilience-building against increase or 
decrease in losses and damages.

https://www.undp.org/press-releases/undp-wmo-and-undrr-issue-statement-tracking-hazardous-events-and-disaster-losses-and-damages
https://www.undp.org/press-releases/undp-wmo-and-undrr-issue-statement-tracking-hazardous-events-and-disaster-losses-and-damages
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