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Overview and structure

1	 United Nations. (2016). Report of the open-ended intergovernmental expert working group on indicators and terminology relating to disaster 
risk reduction.

The Marsh McLennan Flood Risk Index provides 
national level overviews of flood risk. Utilizing 
disaster risk assessment concepts as a foundation, 
the Index generates scores for flood hazard, exposure 
and vulnerability1 to provide a holistic, quantitative 
assessment of flood risk in different countries:

•	 Hazard refers to a process, phenomenon or 
human activity that may cause loss of life, 
injury or other health impacts, property 
damage, social and economic disruption or 
environmental degradation.

•	 Exposure indicates the people, infrastructure, 
housing, production capacities and other 
tangible assets located in hazard-prone areas.

•	 Vulnerability refers to the conditions determined 
by physical, social, economic and environmental 
factors or processes which increase the 
susceptibility of an individual, a community, 
assets or systems to the impacts of hazards.

The Index focuses on certain aspects that facilitate 
cross-component reference. Specifically, both hazard 
and exposure are presented independently within 
the contexts of river (fluvial) and coastal flooding. 
Pluvial flooding is excluded from the analysis.

Additionally, indicators for both the vulnerability 
and exposure are estimated from a combination of 
their human and economic components, respectively 
reflecting social and economic considerations.

The scores for hazard (total, fluvial, coastal), 
exposure (total, human, economic), and vulnerability 
(total, human, economic) range from 1 to 10, with 
higher values indicating higher risk.

The Index uses a small number of national 
indicators to act as proxies for hazard, exposure 
and vulnerability. These indicators were derived 
from publicly available data sources and are 
summarized in Exhibit 1.

Hazard, exposure and vulnerability are shaped 
by several underlying drivers that can mitigate or 
exacerbate impacts of flooding events. Due to the 
unique set of factors that influence each component, 
the structure of the Index is meant to primarily 
support comparative analysis of countries within 
each indicator, rather than across.
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Exhibit 1: Index components, indicators and data sources

Index component Indicator Data Sources

Hazard Fluvial (riverine) flood Hazard data 
Fathom,2 accessed through ThinkHazard!3 
 
Administrative boundaries 
Global Administrative Unit Layers (GAUL) 2015,4 Food and Agriculture 
Organization of the United Nations (FAO), accessed through ThinkHazard!

Coastal flood Hazard data 
Muis et al. (2016),5 accessed through ThinkHazard! 
 
Administrative boundaries 
Global Administrative Unit Layers (GAUL) 2015, FAO, accessed 
through ThinkHazard!

Exposure Human exposure
% population exposed 
to fluvial flooding, 
% population exposed 
to coastal flooding

Flood hazard maps
•	 River flood 100-year return period map: Dottori et al. (2015),6 

European Commission’s Joint Research Centre ( JRC)
•	 Coastal flood 100-year return period map: Muis et al. (2016) 

Population
Global Human Settlement Layer (GHSL) 2015,7 European Commission’s 
Joint Research Center

Economic exposure
% assets exposed 
to fluvial flooding, 
% assets exposed 
to coastal flooding

Flood hazard maps
•	 River flood 100-year return period map: Dottori et al. (2015), 

European Commission’s Joint Research Centre ( JRC)
•	 Coastal flood 100-year return period map: Muis et al. (2016) 

Assets 
Capital Stock data from the Global Exposure Database (GED) in GAR 2015, 
United Nations Office for Disaster Risk Reduction (UNDRR)

Vulnerability Human vulnerability
Human Development 
Index, ratio of non-life 
insurance premium 
volume to GDP

Human Development Index 
United Nations Development Programme Human Development Data 20208 
 
Non-life insurance premium volume to GDP 
The World Bank’s Global Financial Development Database 20199 

Economic vulnerability
Quality of infrastructure, 
ratio of non-life insurance 
premium volume to GDP

Quality of infrastructure
Executive Opinion Survey, Global
Competitiveness Report 2017-2018,10 World Economic Forum 
 
Non-life insurance premium volume to GDP
The World Bank’s Global Financial Development Database 2019

Source: Marsh McLennan Advantage 

2	 Fathom. (n.d.). Fathom — Flood Risk Intelligence. Retrieved July 28, 2021.

3	 Global Facility for Disaster Reduction and Recovery (GFDRR). (n.d.). ThinkHazard!. Retrieved July 28, 2021.

4	 Food and Agriculture Organization of the United Nations. (2015). Global Administrative Unit Layers (GAUL). Retrieved July 28, 2021. The choice of 
this dataset does not imply any endorsement by Marsh McLennan concerning the legal status of any country or territory or the delimitation of 
frontiers or boundaries.

5	 Muis, S., Verlaan, M., Winsemius, H., et al. (2016). A global reanalysis of storm surges and extreme sea levels. Nature Communications 7, 11969.

6	 Dottori, F., Salamon, P., Bianchi, A., Alfieri, L., Hirpa, F. A., & Feyen, L. (2016). Development and evaluation of a framework for global flood hazard 
mapping. Advances in Water Resources, 94, 87-102. Data retrieved from data.europa.eu.

7	 Freire, S., Doxsey-Whitfield, E., MacManus, K., Mills, J., & Pesaresi, M. (2016). Development of new open and free multi-temporal global 
population grids at 250 m resolution.

8	 United Nations Development Programme. (n.d.). Human Development Reports — Human Development Index. Retrieved July 28, 2021.

9	 The World Bank. (n.d.). Global Financial Development Database. Retrieved July 28, 2021.

10	World Economic Forum. (n.d.). The Global Competitiveness Report 2017-2018. Retrieved July 28, 2021.

https://www.fathom.global/
https://thinkhazard.org/en/
https://data.apps.fao.org/map/catalog/srv/api/records/9c35ba10-5649-41c8-bdfc-eb78e9e65654
https://www.nature.com/articles/ncomms11969
https://www.sciencedirect.com/science/article/pii/S0309170816301257?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0309170816301257?via%3Dihub
https://data.europa.eu/data/datasets/jrc-floods-floodmapgl_rp100y-tif?locale=en
http://hdr.undp.org/en/content/human-development-index-hdi
https://www.worldbank.org/en/publication/gfdr/data/global-financial-development-database#:~:text=The%20Global%20Financial%20Development%20Database,system%20characteristics%20for%20214%20economies.&text=It%20has%20been%20last%20updated,of%20financial%20institutions%20and%20markets
http://reports.weforum.org/global-competitiveness-index-2017-2018/preface/
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Selection criteria

Components and calculation

Index indicators were selected to provide 
reliable and easy to understand snapshots of the 
components of flood risk in each country according 
to the following principles:

•	 Robustness: Indicators are chosen from 
reputable sources with the most current 
information available.

•	 Parsimony: A small number of indicators with 
high levels of explanatory power have been 

selected to preserve simplicity and avoid cross-
indicator redundancy. Included indicators 
represent critical elements of flood risk based 
on underlying risk drivers.

•	 Reliability: High-quality datasets from reputable 
institutions and with global coverage.

Hazard

Background
The Hazard component of the Index reflects 
information about the following hazard types:

•	 Fluvial (riverine) flooding, caused by 
overflowing of rivers due to intense 
precipitation, ice jams and melting of snow.

•	 Coastal flooding, triggered by storm surges 
and extreme tidal events.

ThinkHazard! classifies flood hazard level at the scale 
of local administrative units (ADM2). The classification 

is provided separately for coastal and river 
flood hazard and is based on a spatial analysis 
methodology which intersects raster hazard data 
with a “damaging intensity threshold” (based on 
inundation depth) and “frequency threshold” (based 
on return period in years). The categories used for 
classification, in descending order of severity, are: 
High, Medium, Low, Very Low.
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Indicators and sources

Total hazard
•	 Estimated as the average of fluvial and 

coastal hazard

Fluvial hazard
•	 Fathom, accessed through ThinkHazard!

•	 Global Administrative Unit Layer (GAUL) 
2015, implemented by FAO and accessed 
through ThinkHazard!

Coastal hazard
•	 Muis et al. (2016), accessed through 

ThinkHazard!

•	 Global Administrative Unit Layer (GAUL) 
2015, implemented by FAO and accessed 
through ThinkHazard!

 
Calculation
Hazard categories in the raw data from 
ThinkHazard! were given corresponding scores 
for the purposes of Index calculations 
(see Exhibit 2).

Exhibit 2: ThinkHazard! categories and scores

ThinkHazard! Category Corresponding Score

High 1

Medium 0.75

Low 0.5

Very low 0.25

Source: Marsh McLennan Advantage

The fluvial flood hazard levels were compiled at 
the ADM2 level and then averaged across the total 
number of ADM2s in each country. For coastal hazard, 
only the ADM2s affected by coastal flooding were 
included in the analysis. This provides national hazard 
levels that reflect sub-national hazard variation.

The total flood hazard level for each country was 
estimated by averaging the fluvial and coastal 
hazard levels.

Total, fluvial, and coastal hazard scores were obtained 
from the hazard levels using the mapping presented 
in Exhibit 3.

Exhibit 3: Mapping of hazard levels to hazard scores

Hazard level Score

0-14.99 1

15-24.99 2

25-34.99 3

35-44.99 4

45-54.99 5

55-64.99 6

65-74.99 7

75-84.99 8

85-94.99 9

95-100 10

Source: Marsh McLennan Advantage

 
Limitations
Pluvial (urban) flooding was not included in the 
analysis due to methodological changes in the most 
recent dataset made available by Fathom.



6

Exposure

Background
Exposure was calculated by utilizing a geospatial 
analysis method that intersected estimated assets 
and population data, from the JRC and GAR 2015 
respectively, with global hazard layers of coastal 
and riverine flood. For the global flood maps,  
a 100-year return period was chosen for analysis 
due to its usage as a standard return period for 
natural hazard risk assessment.

Indicator and sources

% population exposed to riverine flooding
•	 Global Human Settlement Layer (GHSL) 2015, 

European Commission’s Joint Research Center

•	 River flood 100-year return period map, Dottori 
et al. (2015), JRC, European Commission

•	 Country boundaries, World Bank.11

% population exposed to coastal flooding
•	 Global Human Settlement Layer (GHSL) 2015, 

European Commission’s Joint Research Center

•	 Coastal flood 100-year return period map, 
Muis et al. (2016)

•	 Country boundaries, World Bank.

% assets exposed to riverine flooding
•	 Global Exposure Database (GED) from 

GAR 2015, UNDRR.

•	 River flood 100-year return period map, 
Dottori et al. (2015), European Commission’s 
Joint Research Centre ( JRC).

•	 Country boundaries, World Bank.

% assets exposed to coastal flooding
•	 Global Exposure Database (GED) from 

GAR 2015, UNDRR.

•	 Coastal flood 100-year return period map, 
Muis et al. (2016).

•	 Country boundaries, World Bank.

11	The World Bank. (n.d.). World Bank Official Boundaries — Data Catalog. Retrieved July 28, 2021. The choice of this dataset does not imply any 
endorsement by Marsh McLennan concerning the legal status of any country or territory or the delimitation of frontiers or boundaries.

Calculation
Asset value point data from GAR 2015 was 
aggregated to raster format (1km × 1km) to intersect 
with the hazard layers and provide a continuous 
representation of exposure.

Global raster population and assets data were then 
clipped to the boundaries of the 100-year fluvial and 
coastal flood maps.

A zonal statistics operation was then conducted to 
calculate the values of the clipped raster files within 
the country boundaries, hence providing a summation 
of exposed assets and exposed population for each 
country. Affected exposure was calculated separately 
for coastal flood and river flood.

Total assets and population from each global raster 
(not clipped to flood prone areas) were also summed 
through zonal statistics. These values were used to 
calculate relative and absolute exposure information 
for each country.

The percentages of population and assets exposed to 
fluvial and coastal flooding were calculated for each 
country. These percentages were respectively mapped 
to human and economic exposure scores as shown in 
Exhibit 4. Total exposure scores were estimated from 
the average of the percentages of population and 
assets exposed for each country.

https://datacatalog.worldbank.org/dataset/world-bank-official-boundaries
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Exhibit 4: Mapping of exposed population and 
assets to exposure scores, %

Percentage exposed Score

0-0.1 1

0.1-0.25 2

0.25-0.5 3

0.5-1 4

1-2 5

2-5 6

5-10 7

10-20 8

20-50 9

50-100 10

Source: Marsh McLennan Advantage

Limitations
Due to the difficulty in estimating flood exposure, 
there is a limited choice of open-source datasets. 
Data sources chosen to calculate exposure 
represent best available information that can be 
viewed as proxies for data that would otherwise 
be created or utilized exclusively for the purpose 
of flood risk modelling and assessment.

12	Details regarding the calculation of HDI can be found here.

13	Respondents to the survey were asked to answer the following question — “How would you assess general infrastructure (e.g., transport, 
telephony, and energy) in your country? [1=Extremely underdeveloped; 7=Extensive and efficient by international standards]”. Responses were 
then utilized to calculate scores for the indicator of “Quality of overall infrastructure”, within the Global Competitiveness Index.

A suitable global hazard map for pluvial flooding 
was not identified and hence was omitted for the 
Exposure component calculation in the Index.

Vulnerability

Background
The three indicators for the vulnerability component 
of the Index — the Human Development Index (HDI), 
quality of overall infrastructure and non-life insurance 
premium volume to GDP — were chosen to reflect 
social and economic susceptibility to flooding.

HDI captures three dimensions of human 
development that are highly relevant to human 
vulnerability: Life expectancy, access to knowledge, 
and per capita income.12 The quality of overall 
infrastructure (transport, energy and telephony) 
serves as proxy for economic vulnerability of 
infrastructure to flooding events.13 In the absence 
of global natural catastrophe insurance penetration 
data, non-life insurance premium volumes relative 
to the size of the economy provides a view of the 
insurance environment and corresponding levels 
of protection within countries.

http://hdr.undp.org/sites/default/files/hdr2020_technical_notes.pdf
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Indicators and sources

Human vulnerability
•	 Human Development Index (HDI) from the 

Human Development Data 2020, UNDP.

•	 Non-life insurance premium volume to GDP 
(%) from the Global Financial Development 
Database 2019, The World Bank.

Economic vulnerability
•	 Quality of overall infrastructure from the 

results of the Executive Opinion Survey in the 
Global Competitiveness Index Historical 
Dataset (2017-2018), World Economic Forum.

•	 Non-life insurance premium volume to GDP 
(%) from the Global Financial Development 
Database 2019, The World Bank.

Calculation
The Human Development Index (HDI, ranging 
from 0 to 1), the quality of overall infrastructure 
(Q, between 1 and 7), and the non-life insurance 
premium volume to GDP (I) were rescaled to 
the range 0-100, with 0 indicating the highest 
performance in each dimension (HDI=1, Q=7, 
I=Maximum among all countries) and 100 the 
lowest performance (HDI=0, Q=1, I=Minimum 
among all countries). In the case quality of 
overall infrastructure, data was first cleaned 
to account for countries with missing values.

If no data was available for the most recent year of 
the dataset, data from the previous year with available 
data was included. No data before 2015 was included.

Human vulnerability values were calculated from 
HDI and Non-life insurance premium volume to 
GDP using the following formula:

HDIRESCALED + 0.5 × IRESCALED

1.5

Economic vulnerability values were calculated 
from Quality of overall infrastructure and Non-life 
insurance premium volume to GDP using the 
following formula using the following formula:

QRESCALED + 0.5 × IRESCALED

1.5

Total vulnerability values were calculated from 
the average of human and economic vulnerability 
in each country, thus giving:

HDIRESCALED + QRESCALED + IRESCALED

3

Total, human, and economic vulnerabilities were 
mapped to scores ranging from 1 to 10 using the 
mapping reported in exhibit 5.
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Exhibit 5: Mapping of vulnerability levels to 
vulnerability scores

Vulnerability level Score

0-14.9 1

15-24.9 2

25-34.9 3

35-44.9 4

45-54.9 5

55-64.9 6

65-74.9 7

75-84.9 8

85-94.9 9

95-100 10

Source: Marsh McLennan Advantage

Limitations
Vulnerability to flood risk can be represented 
by many indicators. The indicators included for 
this Index are not to be viewed as an exhaustive 
portrayal of global vulnerability to floods.

The index does not explicitly factor in mitigation, 
adaptation and other similar measures. Defense 
efforts also have an impact in shaping flood 
risk vulnerability.

The Marsh McLennan Flood Risk Index is 
accompanied by country-level statistics on the 
percentage of rural and urban areas exposed 
to flooding. These percentages were estimated 
using FAO’s Global Land Cover SHARE (GLC-SHARE) 
database,14 the 100-year return period fluvial flooding 
hazard map provided by Dottori et al. (2015), the 
100-year return period coastal flooding hazard 
map presented in Muis et al. (2016), and country 
boundaries made available by the World Bank.

Information on the percentage of the area of 
each grid cell covered by urban and rural area was 
extracted from FAO’s Global Land Cover SHARE 
(GLC-SHARE) database.

14	Latham, J., Cumani, R., Rosati, I., & Bloise, M. (2014). Global land cover share (GLC-SHARE) database beta-release version 1.0-2014. FAO: 
Rome, Italy

•	 The resulting urban and rural rasters were 
intersected with the 100-year fluvial (Dottori et al., 
2015) and coastal (Muis et al., 2016) hazard maps.

•	 Using the World Bank boundary data, the areas 
covered by urban and rural surfaces in each 
country and the corresponding areas exposed to 
fluvial and coastal flooding were estimated. These 
numbers were used to calculate the percentages 
of urban and rural areas exposed to fluvial and 
coastal flooding.

•	 The total percentages of urban and rural areas 
exposed to flooding in each country were 
calculated following an analogous process after 
combining the fluvial and coastal flood maps.

Urban and rural areas exposed 
to flooding



Marsh McLennan (NYSE: MMC) is the world’s leading professional services firm in the areas of risk, strategy and 
people. The Company’s 78,000 colleagues advise clients in 130 countries. With annual revenue over $18 billion, 
Marsh McLennan helps clients navigate an increasingly dynamic and complex environment through four market-
leading businesses. Marsh provides data-driven risk advisory services and insurance solutions to commercial and 
consumer clients. Guy Carpenter develops advanced risk, reinsurance and capital strategies that help clients grow 
profitably and pursue emerging opportunities. Mercer delivers advice and technology-driven solutions that help 
organizations redefine the world of work, reshape retirement and investment outcomes, and unlock health and 
well being for a changing workforce. Oliver Wyman serves as a critical strategic, economic and brand advisor to 
private sector and governmental clients.

For more information, visit mmc.com, follow us on LinkedIn and Twitter or subscribe to BRINK.

Copyright ©2021 Marsh & McLennan Companies Ltd, Inc. All rights reserved.

This report may not be sold, reproduced or redistributed, in whole or in part, without the prior written permission of Marsh & McLennan 
Companies, Inc.

This report and any recommendations, analysis or advice provided herein (i) are based on our experience as insurance and reinsurance 
brokers or as consultants, as applicable, (ii) are not intended to be taken as advice or recommendations regarding any individual situation, 
(iii) should not be relied upon as investment, tax, accounting, actuarial, regulatory or legal advice regarding any individual situation or as a 
substitute for consultation with professional consultants or accountants or with professional tax, legal, actuarial or financial advisors, and 
(iv) do not provide an opinion regarding the fairness of any transaction to any party. The opinions expressed herein are valid only for the 
purpose stated herein and as of the date hereof. We are not responsible for the consequences of any unauthorized use of this report. Its 
content may not be modified or incorporated into or used in other material, or sold or otherwise provided, in whole or in part, to any other 
person or entity, without our written permission. No obligation is assumed to revise this report to reflect changes, events or conditions, 
which occur subsequent to the date hereof. Information furnished by others, as well as public information and industry and statistical 
data, upon which all or portions of this report may be based, are believed to be reliable but have not been verified. Any modeling, analytics 
or projections are subject to inherent uncertainty, and any opinions, recommendations, analysis or advice provided herein could be 
materially affected if any underlying assumptions, conditions, information, or factors are inaccurate or incomplete or should change. We 
have used what we believe are reliable, up-to-date and comprehensive information and analysis, but all information is provided without 
warranty of any kind, express or implied, and we disclaim any responsibility for such information or analysis or to update the information 
or analysis in this report.

We accept no liability for any loss arising from any action taken or refrained from, or any decision made, as a result of or reliance upon 
anything contained in this report or any reports or sources of information referred to herein, or for actual results or future events or any 
damages of any kind, including without limitation direct, indirect, consequential, exemplary, special or other damages, even if advised of 
the possibility of such damages. This report is not an offer to buy or sell securities or a solicitation of an offer to buy or sell securities. No 
responsibility is taken for changes in market conditions or laws or regulations which occur subsequent to the date hereof.

Marsh McLennan	 www.mmc.com

https://www.mmc.com/
https://www.marsh.com/
https://www.guycarp.com/
https://www.mercer.com/
https://www.oliverwyman.com/
https://www.mmc.com/
https://www.linkedin.com/company/marsh-&-mclennan-companies-inc-/mycompany/verification/?viewAsMember=true
https://twitter.com/MarshMcLennan
https://www.brinknews.com/

