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Title  Atlas of the Human Planet 2017. Global Exposure to Natural Hazards 
 
Abstract  
The Atlas of the Human Planet 2017. Global Exposure to Natural Hazards summarizes the global multi-temporal analysis of exposure to six major 
natural hazards: earthquakes, volcanoes, tsunamis, floods, tropical cyclone winds, and sea level surge. The exposure focuses on human settlements 
assessed through two variables: the global built-up and the global resident population. The two datasets are generated within the Global Human 
Settlement Project of the Joint Research Centre. They represent the core dataset of the Atlas of the Human Planet 2016 which provides empirical 
evidence on urbanization trends and dynamics. 
The figures presented in the Atlas 2017 show that exposure to natural hazards doubled in the last 40 years, both for built-up area and population. 
Earthquake is the hazard that accounts for the highest number of people potentially exposed. Flood, the most frequent natural disaster, potentially 
affects more people in Asia (76.9% of the global population exposed) and Africa (12.2%) than in other regions. Tropical cyclone winds threaten 89 
countries in the world and the population exposed to cyclones increased from 1 billion in 1975 up to 1.6 billion in 2015. The country most at risk to 
tsunamis is Japan, whose population is 4 times more exposed than China, the second country on the ranking. Sea level surge affects the countries 
across the tropical region and China has one of the largest increase of population over the last four decades (plus 200 million people from 1990 to 
2015). The figures presented in the Atlas are aggregate estimates at country level. 
The value of the GHSL layers used to generate the figures in this Atlas is that the data are available at fine scale and exposure and the rate of change 
in exposure can be computed for any area of the world. Researchers and policy makers are now allowed to aggregate exposure information at all 
geographical scale of analysis from the country level to the region, continent and global.  
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EXECUTIVE SUMMARY

 

Policy context  

The Atlas of the Human Planet 2017 highlights 

the importance of exposure in the context of risk 

analysis by reporting on the global exposure and 

its changes over time to six major natural 

hazards: earthquakes, volcanos, tsunamis, tropical 

cyclone winds, tropical cyclone storm surge and 

floods.  The exposure is measured as built-up 

surface and population. Both are global datasets 

produced by the Global Human Settlement Layer 

(GHSL) of the European Commission, Joint 

Research Centre. 

The exposure data and the findings of the Atlas 

aim at supporting the monitoring of the 

implementation of the Sendai Framework for 

Disaster Risk Reduction 2015-2030 (DRR). The 

GHSL baseline data provides a framework that 

allows learning from the last 40 years and closely 

monitoring the impact of policies of today and for 

the future. It aims at supporting the monitoring of 

the implementation of the post-2015 

international frameworks: the UN Framework 

Convention on Climate Change, the Sendai 

Framework for Disaster Risk Reduction 2015-

2030 (DRR), the Sustainable Development Goals 

(SDGs), and the New Urban Agenda (Habitat III).  

The Atlas of the Human Planet 2017 is the 

second outcome of the GEO Human Planet 

Initiative. Launched in October 2014 under the 

GEO programme, this initiative supports the 

implementation of the Agenda 2030 by enabling 

the testing and the collective discussion of 

alternative options in operationalization of the 

indicators for monitoring post-2015 frameworks.  

 

Key conclusions 

The Atlas sheds new light on the global exposure 

to natural hazard and its evolution. Often the 

discussion on changing disaster risk was 

dominated by the impact of climate change 

related hazards. This Atlas highlights the 

importance of major changes of exposure to 

global population and economic growth. This is 

possible thanks to the global, fine-scale, synoptic, 

and multi-temporal datasets that provides a 

historical record of the past 40 years.   

The GHSL layers used to generate the figures 

enable scientists and policy makers to aggregate 

exposure information at different scales ranging 

from the city level to national, regional and global 

levels. It will put them in the position to evaluate 

better the impact of disaster risk reduction 

measures and policies. 

 

Main findings 

The empirical evidences supporting this release of 

the Atlas have been collected and processed 

within the Global Human Settlement Layer (GHSL) 

of the European Commission, Joint Research 

Centre. The GHSL dataset has been combined with 

the best available global hazard maps to measure 

the potential exposure to natural hazards over 

time. The analysis is based on a single return 

period for each hazard, in order to focus the 

attention on the change over time. 

According to this analysis, the global exposure of 

population and built-up surface to natural hazards 

increased in the last 40 years. Some hazards, due 

to their nature and characteristics, pose a threat 

to a large number of people in different regions 

of the world. Earthquake is the hazard that 

accounts for the highest number of exposed 

population. The number of people living in seismic 

areas has increased by 93% in 40 years (from 1.4 

billion in 1975 to 2.7 billion in 2015). In 2015, 

414 million people lived near one of the 220 most 

dangerous volcanoes and could suffer from the 

consequences of eruptions. Tsunamis affect 

coastal areas in many regions, but dangerous 

areas are more concentrated in Asia. Japan has 

by far the highest amount of built-up surface 

exposed to tsunamis, followed by China and by 
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the United States of America. Flood, the most 

frequent natural disaster, potentially affects more 

people in Asia (76.9% of the global population 

exposed) and Africa (12.2%) than in other regions. 

The world population potentially exposed to flood 

is around 1 billion in 155 countries in 2015. 11% 

of the area built-up on Earth is potentially 

exposed to this hazard, too. Cyclone winds pose a 

threat to 89 countries in the world and exposed 

population increased from 1 billion in 1975 up to 

1.6 billion in 2015, (about 24% of the world 

population). In 2015, 640 million people are 

exposed to extremely strong cyclone winds. China 

is by far the country with the largest number of 

people potentially exposed to storm surge as 

consequence of tropical cyclones: 50 million of 

Chinese people live in coastal areas included in 

the hazard area and this number increased by a 

factor of 1.5 in the last 40 years. 

 

Related and future work 

The GHSL is one of the core datasets used in the 

GEO Human Planet initiative, and is the main 

baseline used in releases the Atlas of the Human 

Planet 2016 and 2017. GHSL activities are 

currently supported by the JRC scientific working 

plan 2016-2019 in the frame of the JRC 

Direcojm\o`ɧ@ɧºNk\^`'ɧN`^pmdotɧ!ɧHdbm\odji»)ɧOc`ɧ

JRC, together with the Directorate-General for 

Regional and Urban Policy (DG REGIO) and 

Directorate-General (DG) for Internal Market, 

Industry, Entrepreneurship and SMEs (DG GROW) 

are working towards a regular and operational 

monitoring of global built-up surface and 

population based on the processing of Sentinel 

Earth Observation data produced by the European 

Copernicus space program. At the JRC, the GHSL 

framework of data and tools supports the 

Knowledge Centres for Disaster Risk Management, 

Sustainable Development, Territorial Modelling, 

and Security & Migration, but also the Index for 

Risk Management (INFORM), the Global Flood 

Awareness System (GloFAS), the Global Disaster 

Alert and Coordination System (GDACS) and the 

Copernicus Emergency Management Service 

(Copernicus EMS). Moreover, the GHSL is one key 

test case contributing to the JRC Earth 

Observation and Social Sensing Big Data Pilot 

project in the frame of the JRC Text & Data 

Mining Competence Centre. 

 

 

Quick guide  

The present Atlas of the Human Planet 2017 is 

based on evidences collected by the GHSL project 

of the JRC. GHSL combines satellite and census 

data to produce high resolution, global open 

information on built-up surface and population. In 

the current release supporting the Atlas 2017, it 

covers the epochs 1975, 1990, 2000 and 2015 

combined with hazard maps. The data sets are 

used to understand, where and in which built 

environment people live in hazard-prone areas, 

and how settlements and population changed 

over time. This knowledge can be used to assess 

the increment in exposure to natural disasters. 

The first chapter introduces the topic and main 

challenging in measuring exposure. The second 

illustrates the GHSL key elements, concepts and 

methodology. The third chapter presents the main 

findings per each hazard. In the conclusion, final 

remarks regarding both limitation and future 

development of this work are presented. The 

annexes contain technical details and references.  
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1. INTRODUCTION

 

Exposure represents the people and assets at risk 

of potential losses or that may suffer damage to a 

hazard impact. It covers several dimensions like 

the physical (e.g. the built-up environment), the 

social (e.g. population distribution) and the 

economic dimensions. The first two dimensions 

typically describe human settlements which 

patterns have been shaped by dynamic and 

complex socio-economic and ecological processes. 

 

Particular attention to understanding exposure is 

required for the formulation of policies and 

actions to reduce disaster risk (UNISDR 2015a) as 

highlighted by the Sendai Framework for Disaster 

MdnfɧM`_p^odji5ɧºPolicies and practices for disaster 

risk management should be based on an 

understanding of disaster risk in all its dimensions 

of vulnerability, capacity, exposure of persons and 

assets, hazard characteristics and the 

environment. Such knowledge can be leveraged for 

the purpose of pre -disaster risk assessment, for 

prevention and mitigation and for the development 

and implementation of appropriate preparedness 

and effective response to disasters. 

The article 17 of the Sendai Framework clearly 

calls for actions to \qjd_ɧoc`ɧ^m`\odjiɧjaɧºi`rɧmdnf»ɧ

and reduce the existing: the aim of the Framework 

is to ɅNpctclr lcu _lb pcbsac cvgqrgle bgq_qrcp pisk 

through the implementation of integrated and 

inclusive economic, structural, legal, social, health, 

cultural, educational, environmental, technological, 

political and institutional measures that prevent 

and reduce hazard exposure and vulnerability to 

disaster, increase preparedness for response and 

pcamtcpw* _lb rfsq qrpclerfcl pcqgjgclac,Ɇ (UNISDR 

2015c, 12) 

Exposure is one of the drivers of disaster together 

with the frequency and intensity of hazardous 

events and the effectiveness of protection 

measures or any other form of adaptation 

(Stevens et al. 2015). All of these drivers can 

change over time so a full analysis of disaster risk 

should consider the evaluation of how these 

drivers evolve both historically and into the future 

(via scenario analysis). While there are many 

studies on changes in hazards and future hazard 

projections, retrospective analysis in the analysis 

of exposure is still missing. Assessing changes and 

trends in exposure to disaster risk is typically very 

complex due the interdependent and dynamic 

dimensions of exposure and their variability across 

spatial and temporal scales: human settlements  ̧

where people live, work, and move ̧ experience 

variations that census and administrative 

geographical unit definitions often are unable to 

depict. The tools and methods for defining 

exposure need to consider the dynamic nature of 

human settlements which evolves over time as a 

result of often unplanned urbanization, 

demographic changes, modifications in building 

practice, and other socio-economic, institutional 

and environmental factors (World Bank, GFDRR 

2014). 

 

Among the different tools for collecting 

information on exposure and monitoring its 

changes over time, earth observation represents 

an invaluable source of up-to-date information on 

the extent and nature of human settlements 

ranging from city level (using very high spatial 

resolution data) to the global level (using global 

coverage of satellite data) (Deichmann et al. 2011; 

?`gg½<^lp\'ɧB\h]\'ɧ\i_ɧE\dnr\gɧ-+,.6ɧ@cmgd^cɧ\i_ɧ

Tenerelli 2013). Besides, change detection 

techniques based on satellite images can provide 

timely information about changes to the built-

environment (Bouziani, Goïta, and He 2010). The 

coupling of recent remote sensing technologies 

and spatial modelling offers the opportunity to 

deliver worldwide  geodatasets depicting built-up 

surfaces and population distribution that are 

consistent for global risk modelling, impact 

analysis, and policy-making in the field of disaster 

risk reduction. 
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Earth observation together with spatial modelling 

techniques are the cornerstone of the Global 

Human Settlement Layer (GHSL) which is the first 

global, fine scale, multi-temporal, open data on 

the physical characteristics and the dynamics of 

human settlements. Drawing from 40 years of 

satellite observations, multi-temporal grids 

describing the built-up environment and 

population distribution have been produced for the 

periods 1975, 1990, 2000, 2015 epoch (Martino 

Pesaresi, Melchiorri, et al. 2016).  

 

At present, the GHSL datasets represent an 

unprecedented source of information for 

understanding global changes and trends in 

exposure to natural disasters (Martino Pesaresi, 

Melchiorri, et al. 2016). The availability of such 

consistent information on physical and human 

exposure and its changes over time at a fine 

spatial resolution is the driving force behind this 

report. 

 

Thus acknowledging the need for detailed, 

updated, and consistent geodata on exposure and 

building on the GHSL baseline data released in 

2016 in the First Atlas of the Human Planet, this 

second Atlas presents the global status and trends 

of human settlements exposure to selected 

natural hazards. The purpose is to shed light on 

the spatiotemporal patterns of exposure and their 

relation to socio-economic vulnerability. The 

analysis brings together the best available global 

hazard data and multi-temporal exposure data on 

built-up surface and population with the aim of 

drawing attention to geographical areas or 

hotspots where necessary refinements are needed 

for a comprehensive understanding of disaster 

risks.  
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2. THE GHSL TO MEASURE EXPOSURE 

2.1 Remote sensing data to map human set tlements   

Human settlements are typically measured based 

on the amount of population and on the size of the 

built environment, two information aspects that 

are also used to quantify exposure to disaster risk. 

Remote sensing technologies combined with 

spatial modelling are one of the most cost-

effective tools for monitoring human settlements 

at the global level.  

The first attempts to map settlements globally 

using satellite images relied on coarse and 

medium scale resolution imagery available since 

the 194+½nɧ #.++hɧ- 1000m spatial resolution) 

(Potere and Schneider 2007) and with figures that 

vary significantly (Schneider, Friedl, and Potere 

2010). Over time, changes in the physical size of 

settlements have been mapped and measured 

from a combination of coarse and moderate 

resolution imagery as well as from medium 

resolution imagery. In 2016,  the JRC published 

the first public  release of the GHSL, the most 

complete, consistent, global, free, and open 

dataset on human settlements. The GHSL maps 

all human settlements from the village to the 

megacity. By applying a specific spatial 

disaggregation methodology, the GHSL provides 

information about the number of inhabitants and 

their density at a fine scale. Thanks to the use of 

historical input imagery data (Landsat series for 

circa 1975, 1990, and 2000 and 2015), both 

population and built-up layers are produced for the 

four epochs, allowing to measure the expansion of 

human settlements over the last forty years in a 

consistent way. Using homogenous and wall -to -

wall grid, the GHSL provides information on 

go]b i` nb_ ?[lnb¼m mol`[]_ cm ]ip_l_^ \s

settlements, where, how much and how fast 

are settlements growing.  These new sets of 

information on physical size of cities and their 

growth impact societal processes at all levels, and 

are necessary to guide country development plans 

towards more sustainable societies (United 

Box 1 Sendai Framework 

for Disaster Risk 

Reduction · UNISDR 

 

 
The Sendai Framework was adopted by UN 
Member States on 18 March 2015 at the 
Third UN World Conference on Disaster 
Risk Reduction in Sendai City, Miyagi 
Prefecture, Japan. 
The Sendai Framework is a 15-year, 
voluntary, non-binding agreement which 
recognizes that the State has the primary 
role to reduce disaster risk but that 
responsibility should be shared with other 
stakeholders including local government, 
the private sector and others. It aims for 
the following outcome:  
The substantial reduction of disaster risk 
and losses in lives, livelihoods and health 
and in the economic, physical, social, 
cultural and environmental assets of 
persons, businesses, communities and 
countries. 
The Sendai Framework is the successor 
instrument to the Hyogo Framework for 
Action (HFA) 2005-2015: Building the 
Resilience of Nations and Communities to 
Disasters. It is the outcome of stakeholder 
consultations initiated in March 2012 and 
inter-governmental negotiations held from 
July 2014 to March 2015, which were 
supported by the UNISDR upon the request 
of the UN General Assembly. 
UNISDR has been tasked to support the 
implementation, follow-up and review of 
the Sendai Framework. 
 
Source: http://www.unisdr.org/we/coordinate/sendai-
framework 
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Nations, General Assembly 2015).  Producing such information from the field observations has usually 

a high cost and that is why earth observation is the 

most promising and cost-effective  technology to 

address the assessment of human settlements 

from local to national and global scale (Martino 

Pesaresi et al. 2013). 

The need for global settlement information goes 

beyond scientific enquiries and has practical 

implications related to local and global 

sustainability.  

Human settlement information are used for 

improving our disaster risk knowledge and 

for monitoring the fou r post -2015 

international frame works  including:  

½ Sendai framework for Disaster Risk 

Reduction (DRR) (United Nations 2015) 

(see Box 1),  

½ Sustainable Development Goals (SDGs) 

with particular focus on Goal 11 (make 

cities and human settlements inclusive, 

safe, resilient, sustainable),  

½ Paris Climate Agreements  

½ New Urban Agenda (adopted in Quito, 

Ecuador in October 2016).  

In particular, the implementation of the SDGs, is 

contingent to the availability and access to data 

and statistics, to ensure that no one is left behind 

in the information gaps. 

As highlighted during the Habitat III preparatory 

process, up-to-date information about land use 

and cover, cadastral systems and vulnerable areas 

should be incorporated in the planning process, 

`nk`^d\ggtɧ \oɧ gj^\gɧ g`q`g)ɧ ºOpen and easily 

accessible geospatial data can support monitoring 

in many aspects of development, from health care 

to natural resource management. They can be 

particularly effective especially in spatial analyses 

and outputs that can also be compared worldwide. 

Considering the challenge of handling large 

amounts of data (both in terms of know-how and 

costs), local and regional authorities can work 

together with national and international institutions 

and research centres to make the most effective 

use of open, easily accessible data)»ɧ(Preparatory 

Committee for the United Nations Conference on 

Housing and Sustainable Urban Development 

(Habitat III) 2016). 
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Information on locatio n and size of human 

settlements can be used to measure  

exposure (to natural / man-made hazards, 

disasters, and pollution). In fact, global human 

settlement information are in demand by a 

number of institutions operating  globally 

including the European Commission Services for 

Development and Humanitarian Aid1, the United 

Nations agencies and programs, the World Bank, 

as well as the donor countries that require 

quantitative variables to prioritize their 

humanitarian and development aid or their 

national investments. The different phases of 

crisis management, including risk assessment, 

alerting of disaster and emergency response, all 

require exposure information and all at fine detail, 

something that is not available to the degree of 

detail. Global alert systems such, as the Global 

Disaster Alert and Coordination System (GDACS)2, 

and INFORM (De Groeve, Vernaccini, and Poljansek 

2015) (see Box 2), rely on models with exposure 

and vulnerability. The more precise the 

information , the better will be the outcome 

of the alert . Similarly, disaster risk models rely 

on the same exposure variables with the 

difference that they may need to take into 

account also the expanding settlements in the 

coming age. These are some of the reasons why is 

import to have accessible, homogenous and free 

data on settlements.  

 

                                                        
1 http://ec.europa.eu/europeaid/about-development-and-
cooperation-europeaid_en  
http://ec.europa.eu/echo/ 
2 http://www.gdacs.org/ 

Box 2 INFORM · Index for 

Risk Management 

 

 
 
INFORM is a composite indicator that 

identifies countries at risk of humanitarian 

crisis and disaster that would overwhelm 

national response capacity. The INFORM 

index supports a proactive crisis and disaster 

management framework. The INFORM 

initiative began in 2012 as a convergence of 

interests of UN agencies, donors, NGOs and 

research institutions to establish a common 

evidence-base for global humanitarian risk 

analysis. The INFORM model is based on risk 

concepts published in scientific Literature 

and envisages three dimensions of risk: 

Hazards & Exposure, Vulnerability and Lack 

of Coping Capacity. The INFORM model is 

split into different Levels to provide a quick 

overview of the underlying factors leading to 

humanitarian risk and builds up the picture 

of risk by 53 core indicators. The INFORM 

2016 was mainly changed to incorporate 

new disaster risk data published by GAR 

2015. 

Source: http://www.inform-index.org/ 

http://ec.europa.eu/europeaid/about-development-and-cooperation-europeaid_en
http://ec.europa.eu/europeaid/about-development-and-cooperation-europeaid_en
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2.2 The GHSL dataset  

The GHSL operates in an open and free data 

access policy including the full data 

production and dissemination cycle  (open 

input, open processing methods, open outputs, 

open sharing platforms). The GHSL consists of 

three main information components hierarchically 

placed at three different levels of abstraction:  

½ Global Human Settlement built -up 

areas (GHS-BU),  

½ GHS population grids (GHS-POP)  

½ GHS settlement classification model 

(GHS-SMOD).  

The first two products have been used in this 

report. 

Global Human Settlement built -up areas 

(GHS-BU) is a layer providing information on 

observable presence of built-up structures or 

buildings. Tc`ɧ º]pdg_dib»ɧ^jnstitutes the physical 

part of the human settlement fabric or spatial 

extension that is observable and measurable using 

the available global sensors. The GHSL reports 

about built-up areas (GHS-BU, resolution 38m), as 

areas (spatial units) where buildings can be found 

(Martino Pesaresi et al. 2013). The concept of 

º]pdg_dibn»ɧajmh\gdu`_ɧ]tɧoc`ɧBCNGɧ\m`ɧenclosed 

constructions above ground which are intended or 

used for the shelter of humans, animals, things or 

for the production of economic goods and that 

refer to any structure constructed or erected on its 

site (Martino Pesaresi et al. 2013). Since this 

definition excepts the condition of the permanency 

of the structure the GHSL allows for inclusion of 

refugee camps, informal settlements, slums and 

other temporary settlements and shelters in the 

notion of built-up area in the GHSL paradigm.  

The GHSL population grid  or GHS-POP (250m 

resolution). This layer is derived from the 

combination of global collections of national 

population census data and global built-up areas 

(GHS-BU). In the approach taken by the GHSL, the 

population data collected by national 

censuses with heterogeneo us criteria and 

heterogeneous update time are harmonized in 

the same space and time domains as the 

GHS-BU grids, by systematic and consistent 

application of the same set of data interpolation 

and spatial disaggregation methods to the best 

available global spatial baseline data (Freire Sergio 

et al. 2016). 

The following sections help the reader to 

understand the extraction of information from 

satellite imagery, the built-up surface definition 

(2.2.1), the process of combining built-up grids with 

census data to produce the population grids (2.2.2), 

and an example (2.2.3). 
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2.2.1 @lig ?[lnb¼m mol`[]_ nibuilt -up surface  
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2.2.2 From Built -up surface  to population grid  
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2.2.3 An example from the city of Madrid, Spain  
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2.3 Key concepts to measure exposure  

This paragraph introduces the methodology used to measure exposure combing the GHSL and the best 

available global hazard maps.  Before presenting the methodology, some key concepts related to risk and 

natural disaster are presented as they have been treated in the Atlas. These key concepts are presented both 

we the international agreed definitions and as they have been integrated in the report.  

 

 

 

 

When addressing the risk from natural hazards we may 

comprise three elements to compute the risk: Hazard 

intensity, Exposure, and Vulnerability. 

 

 

 

 

 

 

The Atlas of the Human Planet 2017 focuses on the 

exposure to natural hazards . This Atlas addresses 

changes over time in exposu re of human settlements  

expressed as population and built -up surface ) to six 

natural hazard types (earthquakes, tsunamis, volcanic 

eruptions, floods, tropical cyclone winds, and tropical 

cyclone storm surge).  

 

 

 

 

With a growing population and urbanizing area, also 

exposure is expected to increase. With growing exposure, 

also risk is likely to increase unless vulnerabilities are 

reduced. Despite the fact that vulnerability is widely 

discussed, it is not measured globally, mostly because of 

the lack of global and reliable data. The measurement of 

vulnerability represents the next global challenge in terms 

of disaster risk assessment. This element of the risk 

assessment is not discuss in this report.  

  

EXPOSURE 
The situation of people, infrastructure, housing, 
production capacities and other tangible human 

assets located in hazard-prone areas  
(United Nations General Assembly 2016) 

RISK 
The potential disaster losses, in lives, health 

status, livelihoods, assets and services, which 
could occur to a particular community or a 

society over some specified future time period  
(United Nations General Assembly 2016) 

VULNERABILITY 
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.  
(United Nations General Assembly 2016) 
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HAZARD AREAS  
 

 

Hazard maps are produced using probabilistic methods based on different 

return periods. These hazard layers illustrate the probabilistic model and 

represent the probability that a hazardous event will occur in the future in 

a given geographical area.  

 

Disaster probability and related potentially affected area 

depend on a time frame considered and are usually 

provided for several return periods, according to the nature 

of the hazard and the selected probabilistic model.  

 

 

The approach applied in the case of the Atlas 

2017 was to use only one  return period for 

each hazard. This simplification allows focusing 

the analysis on the increment of exposure in 

relation to urbanisation processes that come with 

the increment of global population, improving of 

living conditions, economy and changes in lifestyle, 

as well as migrations to cities. This approach has 

been chosen to make a call to the international 

arena for addressing the consequences of 

increasing exposure as currently occurs with the 

joc`mɧk\moɧjaɧoc`ɧºmdnfɧ`lp\odji»'ɧdio`indotɧjaɧoc`ɧ

hazard, increment of the events and vulnerability. 

Given that climate change might have a significant 

effect on the frequency and severity of some 

hazards (IPCC 2012), such as future flood events, 

more variables should be considered in multi-

return-period analysis (Jongman, Ward, and Aerts 

2012). In this analysis we did not include disaster 

risk reduction strategies or defences that countries 

could or have put in place (such as the Netherlands 

for flood, i.e.). Also coping capacity, is the ability of 

people, organizations and systems, using available 

skills and resources, to manage adverse conditions, 

risk or disasters3, was not considered in the study.  

                                                        
3 https://www.unisdr.org/we/inform/terminology#letter-c 

PROBABILISTIC HAZARD MODEL  
all potential hazardous events  

within the return period 

RETURN PERIOD 

Average frequency with which a particular event 
is expected to occur 

(UNISDR 2015) 
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2.4 Methodology  and input data  

The analysis of the exposure in this Atlas benefits 

from the global hazard data produced by different 

research teams for purposes of global hazard and 

risk analysis. GHSL data on built-up surface and 

population have been combined with geospatial 

datasets on natural hazards commonly used at 

international level or developed at the JRC. The 

methodology adopted for the Atlas 2017 

prescribes to overlay hazard maps for a 

selected return period with population grids 

(GHS-POP) and built-up layer (GHS-BU) in 

order to derive the total population living in the 

hazard zone and the total built-up surface 

potentially exposed to the specific hazard. This 

method has been repeated both for population and 

built-up surface for the four GHSL available epochs 

(1975-1990-2000-2015)4. 

                                                        
4 GHSL data area free and open. The whole collection is 
available for download: 
http://data.jrc.ec.europa.eu/collection/GHSL  

The hazard zones are obtained from the best 

available hazard maps for the specific hazard type5 

(see Table 1). For each hazard, the input hazard 

maps with descriptive information are detailed in 

the technical annexes (see annex). 

Data for the seismic hazard  elaborated for  the 

GAR 2013 (UNISDR 2013) at global level are 

presented for the four levels of risk, derived from 

the Modified Mercalli Intensity Scale (MMI). The 

475 year RP used in this analysis is prescribed by 

the national building codes in Europe for standard 

buildings #º@pmj^j_`ɧ35ɧN`dnhd^ɧ?`ndbiɧjaɧ=pdg_dibnɧ

Rjmf`_ɧ@s\hkg`n»ɧ-+,-'ɧ2$. Besides, it is the most 

common standard used in the insurance industry 

for assessing seismic risk, and it is also the basis 

for most building codes for seismic design.  

                                                        
5 The input hazard maps for each hazard with relative technical 
information is illustrated at the end of each paragraph (for the 
technical details, see 0). 

Image 1 Method applied to calculate exposure to natural hazards 

http://data.jrc.ec.europa.eu/collection/GHSL
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JRC elaborated the hazard map for volcano  by 

creating a buffer zone of 100km around the 220 

volcanoes included in the NOAA database6. This 

analysis does not include underwater volcanoes 

that mainly cause tsunami, that have been studied 

separately. 

For the analysis of exposure to tsunami s, the GAR 

dataset has been used with 500 year RP: this RP 

has been considered a common standard, and even 

though the GAR 2015 has been produced for more 

RPs, it has been highlighted that longer return 

periods imply more uncertainties and limitations, 

since the model includes estimations on 

infrequently occurring tsunami causing 

earthquakes, lacking of reliable long records 

(UNISDR 2014). 

The JRC elaborated a high-resolution global hazard 

map for fl oods, called Global Flood Awareness 

System (GloFAS) that has been used for measuring 

exposure to this hazard7. 100 year RP selected to 

analysis this hazard is the RP used for the 

preparation of the flood hazard and flood risk 

maps, set forth in Article 6 of the European Flood 

Directive (European Parliament and the Council of 

                                                        
6 https://www.ngdc.noaa.gov/hazard/volcano.shtml 
7 http://globalfloods.jrc.ec.europa.eu 

the European Union 2007, para. 7).  

Results for tropical cyclone wind  provide 

information on two levels of hazard: the lowest 

correspond to strong winds up to 177 km\h (SS1-

2), the highest refers to extreme strong winds 

greater than 178 km\h (SS3-5). To measure the 

exposure to tropical cyclone storm surge , JRC 

has elaborated the hazard map by using different 

input data, as illustrated in the technical annex. For 

both cyclone hazards 250 year return period has 

been used. Higher return periods (500 and 1000 

year), covering the maximum potential exposure as 

people and buildings, were available for cyclones. 

However, the definition of the areas exposed would 

become more uncertain, due to the extrapolation 

error in fitting the extreme value distribution to 

such high return periods. 

Table 1 Synthesis of the input hazard maps and selected return period  

Hazard Source Return period 

Earthquake GAR13 475 years 

Volcano JRC (baseline: NOAA Significant Volcanic Eruption Database) ---  

Tsunami GAR15 500 years 

Flood JRC - GloFAS 100 years 

Tropical Cyclone Wind GAR15 250 years 

Tropical Cyclone Storm Surge JRC (baseline: GAR15) 250 years 

Box 3 GAR15 - Global Assessment Report 2015  
The 2015 Global Assessment Report on Disaster Risk Reduction (GAR15) is the fourth in the series coordinated by 

the United Nations Office for Disaster Risk Reduction (UNISDR) in the context of the Hyogo Framework for Action 

2005-2015: Building the Resilience of Nations and Communities to Disasters (HFA). The HFA is an international 

framework adopted by 168 UN member States in Kobe, Japan in January 2005 to achieve an expected outcome of 

the substantial reduction of disaster losses, in lives and in the social, economic and environmental assets of 

communities and societies. Every biennium governments have self-assessed their progress towards the 

achievement of this outcome using the online HFA Monitor. In 2007 UNISDR published Disaster Risk Reduction: 

Global Review 2007, which assessed progress in the first two years of the HFA. Shortly afterwards, work began on 

the first edition in the GAR series, which has compiled and analysed data and information on disaster risk patterns 

and trends, government self-assessments of progress, and critical challenges to disaster risk reduction since 2009. 
Source: https://www.unisdr.org/we/inform/gar 
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3. EXPOSURE TO NATURAL HAZARDS  

 

This chapter analyses the change in exposure to six 

different hazards of one return period each in the 

past 40 years (1975-1990-2000-2015).  

The analysis is carried out by hazard for one return 

period for different geographical scales at global, 

regional8, and country level.  It takes into account 

only a single return period per each hazard in order 

to focus the attention on the change in exposure.  

The selected return periods and the data sources 

are reported in the annexes.  

In the following paragraphs, every natural hazard 

is briefly introduced and the key elements of the 

input data are presented 

.

                                                        
8 For the regional grouping see Geographical classification 

 

For each hazard, a global outlook of exposure is 

introduced both for population and built-up 

surfaces. Then a regional breakdown is presented, 

to identify which regions of the world are more 

prone to a specific hazard. For some hazards, a 

breakdown by income group9 is also reported. 

A specific level of income could be used as input to 

estimate the vulnerability: economic capacity of a 

community is in fact one of the components to be 

considered in vulnerability evaluation.  

Finally, two lists are illustrated and commented: 

the first is the list of top ten countries ranked by 

the number of people potentially exposed to that 

specific hazard in 2015; the second is the list of 

top ten countries with the highest amount of built-

up surface potentially exposed in 2015 

                                                        
9 For the income grouping see Income  
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Earthquake 

 
 

Nepal Earthquake 2015   
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 Earthquake  

 
 
 
 

 

 

 

The term earthquake is used to describe any seismic event that generates seismic waves. Earthquakes 
are caused mostly by the rupture of geological faults and sometimes also by volcanic activity, 
landslides, etc., and are concentrated within specific areas around the world, mainly in geologically 
active areas such as the Pacific coast on North and South America, Indonesia, Japan, Himalayas, etc.  
(UNISDR 2015).  Map 1 shows the hazard map of the seismic area in the world where the geographical 
distribution of the hazards areas is clearly visible. 
The seismic hazard map used in this analysis (EMMI- GSHAP, more details in Annex) classifies the area 
exposed to earthquakes into four classes according to earthquake shaking intensity and relative 
damages.  
These classes refer to earthquake classes following the MMI scale. During an earthquake of class MMI 
5, for example, the shaking is felt by nearly everyone and many awake, some dishes and windows get 
broken and unstable objects are overturned. The extreme events result in some well-built wooden 
structures being destroyed, while most masonry and frame structures are destroyed with foundations, 
and even rails may be bent.  
Dataset used for the Seismic hazard  

Return Period: 475 years 

Semantic of the final map:  Earthquake intensity classification based on the Mercalli Modified 
Intensity Scale 

Source: EMMI-GSHAP hazard map  

Map 1 Earthquake Hazards Map ȿ Classes defined for the analysis 
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The population potentially exposed to 

earthquakes  has increased from 1.4 to 2.7 

billion in the last 40 years (increment of 93%)  

(Figure 1), considering 475 years RP and any 

earthquake of class five or higher, i.e., from moderate 

to extreme event (see annex). In 2015, the total 

number of people living in hazard areas in 145 

countries was 37% of the global population, 

concentrated in Asia, Pacific Islands, Middle East Asia, 

and Eastern Europe and on the western part of the 

Americas (Map 1).  If the population potentially 

exposed to earthquakes doubled in the last 40 years, 

the built-up surface increased by 145% during the 

same period, from 97,000 to 238,000 km2, 

corresponding to 31% of the global built-up surface 

(Figure 2).  

  

Figure 2 Global Built-up potentially exposed to seismic hazard of class 
from 5 to 8, 475 years RP (1975-1990-2000-2015) 

Figure 1 Global population potentially exposed to seismic hazard of class 
from 5 to 8, 475 years RP (1975-1990-2000-2015) 
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Figure 4 illustrates the distribution of potentially 

exposed population living in the different class of 

hazard areas over time (475 years RP). Half 

billion people, one fourth of the potentially 

exposed population in 2015, lives in areas 

falling within  the most dangerous  classes 

(class 7 and 8 ).  

A similar proportion can be found also in the 

share of built-up surface exposed, about 48,000 

km2 of the 230,000 km2 potentially exposed to 

earthquake are in hazard zones falling within 

class 7 and 8 (Figure 3).  The amount of built-up 

surface in hazard zones has more than doubled in 

the last 40 years, similarly to the exposed 

population.  

  

Figure 3 Built-up potentially exposed to seismic hazard by hazard 
class, 475 years RP (1975-1990-2000-2015) 

Figure 4 Population potentially exposed to seismic hazard by 
hazard class, 475 years RP (1975-1990-2000-2015) 
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Table 2 Population and Built-up surface potentially exposed to earthquake by region, 475 years RP (1975-1990-2000-2015) 

  

Africa  Asia Europe 

Lat in 

America 

and the 

Caribbean 

Northern 

America 
Oceania N\A total  

E
xp

o
se

d
 

P
o

p
u

la
ti
o

n
 

(i
n
h

a
b

it
a

n
ts

)
 1975  86,684,308 955,772,881 159,251,310 151,012,600 45,885,420 10,478,829 205,129 1,409,290,477 

1900  130,835,883 1,328,541,996 172,206,826 211,507,247 55,277,532 13,265,922 270,280 1,911,905,686 

2000  165,500,872 1,569,470,634 171,767,285 250,151,172 62,948,799 15,558,069 334,362 2,235,731,194 

2015  233,325,052 1,912,205,773 173,475,388 304,362,164 73,971,099 20,080,067 408,209 2,717,827,753 

E
xp

o
se

d
  

B
u

ilt
-u

p
 

su
rf

a
c
e

 (
K

m
2

) 1975  2,794 44,464 19,360 12,511 14,758 3,400 18 97,306 

1900  6,212 81,652 34,739 18,391 22,588 4,721 4 168,308 

2000  7,877 96,600 39,885 21,734 25,099 5,240 73 196,508 

2015  11,102 121,814 46,257 25,167 27,895 5,888 83 238,207 

 

The region with the highest number of 

people exposed to earthquake in 2015 is 

Asia. 1.9 billion Asians live in seismic areas, 

increasing from 40% of the regional population in 

1975 to 44% in 2015. In the same period, the 

share of built-up surface exposed decreased from 

56% to 47%, but the total amount has increased 

of about 3 times (Table 2). Latin America and 

the Caribbean is the one with the highest 

share of population potentially exposed to 

this hazard : In 2015, 300 million people are 

exposed to seismic hazard (Table 2), 

corresponding to 48% of the regional population 

(Figure 5). While the exposed population and 

built-up surface doubled in the last 40 years in 

terms of absolute values in Latin America and the 

Caribbean, the share of exposed population 

increased while the share of exposed built-up 

surface has been slightly decreasing. Exposure 

to earthquake in Africa is decreasing in 

rela tive terms  and increased in absolute 

number faster than in other regions.  In Africa, 

the share of exposed population and built-up 

surfaces exposed to earthquakes decreased 

between 1975 and 2015, but in the absolute 

terms they have increased by a factor of 4 during 

the same period (Table 2). 

  

Figure 5 Share of Population and Built-up potentially exposed to earthquake by region, 475 years RP (1975-1990-2000-2015) 
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Table 3 Population and Built-up surface potentially exposed to earthquake by income group, 475 years RP (1975-1990-2000-2015) 

 

Year 

High 

Income 

Countries 

Upper-Middle 

Income 

Countries 

Lower-

Middle 

Income 

Countries 

Low Income 

Countries 

Not 

Assigned 
Total  

E
x
p

o
se

d
 

P
o

p
u

la
tio

n
 

1975  511,753,475 256,092,584 468,871,721 148,794,043 23,778,654 1,409,290,477  

1990  629,022,532 351,983,759 684,864,929 216,320,685 29,713,781 1,911,905,686  

2000  690,050,716 403,786,543 833,336,178 275,858,974 32,698,783 2,235,731,194  

2015  771,467,002 483,103,954 1,056,255,081 370,695,235 36,306,481 2,717,827,753  

K
m

2
E

x
p
o

se
d 

B
u

ilt
-u

p
 

s
u

rf
a
ce

 
(K

m
2
) 

1975  56,227 18,097 17,374 1,810 3,799 97,306  

1990  94,915 33,251 31,534 3,718 4,889 168,308  

2000  108,639 39,355 37,807 4,976 5,731 196,508  

2015  128,173 47,385 48,098 8,106 6,445 238,207  

 

Figure 6 shows potentially population and built-up 

surface exposed to earthquake by income groups 

over time (475 years RP). Exposed population 

increased in countries of all groups in the last 40 

years. The one billion of people that live in 

hazard areas in Low Income Countries (LMC) 

representing 42% of the total population  

living in those countries  (Figure 6). In Upper-

Middle Income Countries (UMC) 43% of 

population is also living in hazards areas 

corresponding to almost half billion of people 

(Table 3). In Low Income Countries, the share of 

population potentially exposed over the total 

population is slightly decreasing in the last forty 

years (Figure 6). The built -up surface  

potentially exposed to earthquake in High 

Income Countries  (128.000 km2 in 2015), has 

more than double d between 1975 and 2016  

(Table 3), and its share increased from 26% to 

28% in the same period (Figure 6). In the last 

forty years, the built-up surface potentially 

exposed increased by 128%, while the population 

increased by 51%. Looking at the share of 

built -up surface  potentially exposed over 

total built -up surface , it can be observed 

that in Upper -Middle and Lower Middle 

Income Countries this share is significantly 

higher th an in High Income Countries  (42-

43% and 26% in 2015). In fact, in UMCs and 

LMCs built-up surface in hazard areas are similar, 

about 47.000 km2 and they increased in the last 

forty years respectively by 162% and 177%.  

Despite the fact that the amount of built-up 

surface potentially exposed in Low Income 

Countries is relatively small (8.000 km2 and about 

16% of the total in 2015), it is important to 

highlight that it increased by 348% in the last 

forty years. 

Figure 6 Share of Population and Built-up potentially exposed to earthquake by income group, 475 years RP (1975-1990-2000-2015) 
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In Figure 7, the 10 countries with the highest 

number of people living in hazard areas in 2015 

are ranked by exposed population. India and 

China have both more than 380 million of 

people potentially exposed to earthquakes  

(475 years RP); Indonesia has more than 200 

million people in the same condition, Pakistan and 

Bangladesh, and Japan follow in the ranking with 

more than 100 million each. Apart from India and 

China, all other countries in this ranking have 

more than 2/3 of the country population 

potentially exposed to earthquake hazard. In the 

case of Pakistan and Iran, this share is more than 

95%. All of those countries are in Asia, apart from 

Mexico. Only China and Japan are High Income 

Countries (HIC)10. In Figure 8 the 10 countries with 

the highest amount of built-up surface potentially 

exposed to seismic hazard are ranked. Only three 

of them are HIC, while the others are LMC or UMC. 

In this top ten list, two European countries appear: 

Italy and Romania with respectively 84% and 

92% of built-up surfaces in hazard zones. 

Turkey, Romania, and Iran have  very high 

share of exposed population over total 

population in all four periods having with 

most of the land  mapped in the hazard 

areas.

                                                        
10 See Income Grouping pg.91 

Figure 7 Ten countries with the highest number of people potentially exposed to seismic hazard in 2015, compared to total population, 475 years RP 
(1975-1990-2000-2015) 

Figure 8 Ten countries with the highest amount of built-up potentially exposed to seismic hazard in 2015, compared to total built-up, 475 
years RP (1975-1990-2000-2015) 
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Volcano 
 

Isla de Ometepec, Nicaragua, 2014  
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 Volcano 

 

  

Comprehensive volcanic hazard maps are difficult to generate because each volcano produces hazards 
that can be modelled only locally: volcano hazards depends on the topography of the volcano, on 
precipitation, on wind direction, factors that are all local in nature.  
In addition, some volcanic hazards have local impact while others have wider geographical impact even 
if with less intensity: the fall of pyroclastic blocks and lava flows occur in the immediate vicinity of the 
volcano; volcanic ashes and smoke plumes can travel farther and affect people and economic activities 
at wider distances and for longer periods.   
In the absence of global volcanic hazard maps, in this report we assess population and built-up within 
100 km of 220 volcanoes present in the SVED database (more details in Annex), as one proxy for 
potential exposure. A distance of 100 km is relevant for assessing direct effects of volcanic eruptions, 
since lethal pyroclastic flows and surges (Nakada 2000), and lahars (Rodolfo 2000) may occasionally 
extend to these distances. Chester et al. have estimated that among twelve destructive phenomena 
associated with volcanic eruptions, seven can potentially reach such a distance (Chester et al. 2000).  
 

Dataset  used for the volcano hazard  

Return Period: Not Available 

Semantic of the final map:  Zone within 100 km of volcanoes 

Source: NOAA Significant Volcanic Eruption Database (SVED) 

Map 2 Exposure analysis within 100 km radial distance from the 220 volcanoes included in the study 
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Figure 9 shows evolution of total population within 

a range of 100 km from the 220 volcanoes in the 

SVED database (see Annexes). According to these 

results, the proportion of the global population 

living within 100  km has remained relatively 

stable from 1975 to 2015 (at around 5.5%), 

although absolute values have increased by 

82% in this period to a total 414 million 

people, following the rate of global population 

growth (Table 4). This translates into additional 186 

million potentially exposed since 1975.  

Figure 10 shows evolution of total area of built -

up surface  within 100 km of the 220 

volcanoes in the SVED database . According to 

these results, the amount of built-up surface in 

proximity of these volcanoes has been considerably 

increasing, reaching 39,000 km2 in 2015. This 

represents an increase of 139% since 1975 and 

of 23% between 2000 and 2015. However, increase 

rates were significantly higher from 1975 to 1990 

(4.4% mean annual growth) compared to later 

periods (1.7 and 1.5% in 1990-2000 and 2000-

2015 respectively). Still this increase has been in 

line with global increase in built-up surface in these 

periods, keeping the proportion of the global built-

up surface potentially exposed stable at around 5%. 

Table 4 Population and Built-up surface potentially exposed to volcano 
hazard (1975-1990-2000-2015) 

 

 

  

Exposed 

Population  

Share of 

exposed 

population 

over total  

Exposed 

Built -up 

surface  

( km2) 

Share 

of 

exposed  

Built -up 

surface 

over 

total  

1975  227,483,973 5.6% 16,312 5.3% 

1990  302,524,355 5.7% 27,167 5.1% 

2000  348,945,818 5.7% 31,837 5.0% 

2015  413,616,012 5.6% 39,063 5.0% 

increment  

1975 -

2015  
82%   139%   

Figure 9 Population within 100 km of volcanoes (1975-1990-2000-2015) 

Figure 10 Area of built-up within 100 km of volcanoes (1975-1990-2000-
2015) 
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Table 5 Built-up surface and Population potentially exposed to volcano hazards by region (1975-1990-2000-2015) 

  

Africa  Asia Europe 

Latin America 

and the 

Caribbean 

Northern 

America 
Oceania 

E
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 1975  13,620,897 154,429,010 11,475,989 46,186,646 108,518 1,372,174 

1990  20,930,719 205,011,711 11,551,298 62,712,143 152,654 1,782,165 

2000  26,820,637 234,452,573 11,371,037 73,519,785 192,383 2,136,493 

2015  38,754,783 273,066,505 11,571,822 86,686,733 259,073 2,752,380 
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1975  412 10,623 1,592 3,485 13 162 

1990  714 18,200 2,407 5,594 47 177 

2000  1,016 21,441 2,640 6,441 62 205 

2015  1,758 26,716 2,969 7,290 75 221 

 

Figure 11 and Table 5 show the evolution over 

time of total population and built-up surface 

within 100 km of the 220 volcanoes in the SVED 

database, by continental region. Results show 

that Asia concentrates most of the 

potentially exposed population, in all epochs, 

followed by Latin America and th e Caribbean 

which is  the region with the highest share of 

exposed over total population . Those are also 

the regions with the highest share of built-up 

surface potentially exposed in all four epochs 

analysed.  

In 2015, these two regions the share of global 

exposure compared to their share of global 

population are significantly different (namely 66% 

exposed vs 59% of global population and 21% 

exposed vs 9% of global population, respectively). 

Potential exposure of people is much lower in 

other regions, but still amounting to 38.7 million in 

Africa and 11.5 million in Europe in 2015.  

Concerning the temporal trends, potential 

exposure for both built-up surface and population 

has not increased since 1975 in Europe (about 

2%), whereas it has increased significantly in the 

other regions, especially in Africa and Northern 

America. From 1975 to 2015, potential 

exposed population  almost tripled in Africa 

(+185%) to 38.7 million and in Northern 

America, where it  more than doubled,  

although totalling only 259,000 in 2015.  Results 

Figure 11 Share of Built-up and Population potentially exposed to volcano hazards by region (1975-1990-2000-2015) 
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in Figure 11 and Table 5 also highlight the 

concentration in Asia of most of the 

potentially exposed built -up surface , in all 

epochs, followed by Latin America and the 

Caribbean, and Europe. In 2015 these two former 

regions still present a share of global exposure 

significantly different from their share of global 

built-up surface (namely 68% vs 33% and 19% vs 

8%, respectively).  

Potential exposure of built-up surface is much 

lower in other regions, and lower than their share 

of global built-up surface. This mismatch is 

especially significant in Europe, which in 

2015 concentrates only 8% of global 

exposure while accounting for 25% of all 

built -up surface . There are also significant 

regional differences regarding the global share of 

exposure of built-up surface respect to population. 

While in Africa this share is much lower for built-

up surface than for population (4% vs 9% in 

2015), in Europe the opposite situation occurs, 

with exposure of built-up surfaces being much 

cdbc`mɧoc\iɧkjkpg\odji½nɧ#3гɧqnɧ.гɧdiɧ-+,0$)  

Regarding the temporal trends, potential exposure 

of built-up surface has grown substantially in all 

regions except Oceania (37%), and above 

population exposure. Greatest increases were 

observed in Northern America (472%) and Africa 

(327%). In Europe the significant growth in 

exposed built-up surface occurring in all periods 

(overall rise of 86%) contrasts with unchanging 

population exposure between 1975 and 2015.  
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Figure 12 shows evolution of total population 

within a range of 100 km from the 220 volcanoes 

in the SVED database for the 10 countries with the 

overall highest exposure. These 10 countries have 

been accounting for 88% of the globally exposed 

population since 1975, or 361 million in 2015.  

Results show that the three countries with highest 

overall potential exposure are located in Asia, 

followed by countries in Latin America and Africa. 

Indonesia clearly leads the ranking, with 38% of 

the globally exposed population in 2015. 

Currently, Indonesia and the Philippines 

account for 52% of total exposed  world  

population (217 million) . In Europe, Italy has by 

far the highest potential exposure, with close to 

10 million people.  Concerning the temporal 

trends, potential exposure has not had the same 

behaviour in all countries due to differing 

population growth rates and tendencies. While 

exposure in Italy and Japan have decreased from 

2000 to 2015 (in Italy also in all other epochs), in 

all other countries highlighted in Figure 12 it has 

increased significantly. In Yemen and Ethiopia, it 

has increased by more than 50% between 1975 

and 1990 and between 2000 and 2015.   

Figure 13 depicts the evolution of total area of 

built-up surface within 100 km of the 220 

volcanoes in the SVED database, for the ten 

countries with the overall highest such exposure. 

These 10 countries have been accounting for 

about 90% of the globally exposed built-up 

surface since 1975, or 35 thousand km2 in 2015 

Figure 12 Ten countries with the highest number of people potentially exposed to volcano hazards (1975-1990-2000-2015) 

Figure 13 Ten countries with the highest amount of built-up potentially exposed to volcano hazards (1975-1990-2000-2015) 
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(out of 39 thousand).  Results show that the rank 

of potentially exposed built-up surface is different 

from that regarding population (Figure 12). Two 

Asian countries, Indonesia and Japan, clearly 

lead the  built -up surface  ranking and 

together comprise about 60% of the global 

exposure. Japan and Italy concentrate a much 

larger share of global exposed built-up surface 

respect to population, while Philippines is in the 

opposite situation (6% vs 14% in 2015). Indonesia 

has been leading the ranking since 1990, whereas 

in 1975 it was led by Japan (with 32% of globally 

exposed built-up surface).  Italy has the highest 

potential exposure in Europe, but changes 

regarding built-up surface and population are 

decoupled: while population exposure has been 

decreasing since 1975, built-up surface exposure 

has continued to increase, by significant rates 

(12% in period 2000-2015).  In last 40 years, 

potentially exposed built-up surface has been 

increasing significantly in all countries considered, 

and it has grown above population growth (143% 

vs 80%).  
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Tsunami 
 

 

Tsunami in Japan 2011   
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 Tsunami 

 

  

Tsunamis are waves set in motion by large and sudden forced displacements of the seawater, having 
characteristics intermediate between tides and swell waves. Although tsunamis are infrequent (ca. 5-
10 events reported globally pr. year), they do represent a serious threat to the coastal population in 
many areas. (UNISDR 2015) 
 
The frequency of tsunamis is linked to seismic activity, and areas historically affected by tsunamis are 
is the ring of fire of the Pacific Rim both in Asia and in the Americas and Indonesia, even though also 
Mediterranean costs have been hit by tsunamis in past times.  As coastline is a preferred place to live 
and to conduct human activities and tsunamis mainly hit coastal zones, this hazard as a relevant 
impact on global exposure, especially with growing world population and built-up surface in coastal 
areas. 
For the purpose of this report, the hazard map for tsunami produced for the last Global Assessment 
Report on Disaster Risk Reduction with the 500 years return period has been used. 
 

Dataset used for the Tsunami hazard 

Return Period: 500 years 

Semantic of the final map:  Area flooded by tsunami run-up 

Source:  Tsunami Run-up hazard map (GAR 2015) 
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In 2015, 116 countries in the world have area 

exposed to tsunami hazard. According to the 

analysis done combining GHSL data and hazard 

maps, in 2015 42 million people were 

potentially exposed to this natural hazard , 

considering a 500 year return period. In 1975, 

there were 28 million, meaning that the global 

exposed population has increased by 51% in forty 

years (Figure 14).  

 

Built-up surface potentially exposed to tsunami 

had increased more rapidly than population, by 

68% between 1975 and 2015. In 1975, 3,850 

square kilometres of built-up surfaces were 

exposed in the world. In 2015, this value reached 

6,490 square kilometres (Figure 15). 

 

 

Figure 14 Population potentially exposed to tsunami hazard, 500 
years RP (1975-1990-2000-2015) 

Figure 15 Built-up potentially exposed to tsunami hazard, 500 
years RP (1975-1990-2000-2015) 
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Table 6 shows the trends of population and built-

up surface potentially exposed to tsunami by 

region between 1975 and 2015. The region with 

the highest number of people potentially exposed 

is Asia (37.99 million), followed by Latin America 

and the Caribbean (2.77 million). Concerning 

temporal changes, exposed population has 

been especially increasing in Asia  (from 26 

million to almost 38 million) in Latin America 

and the Caribbean  (from 1.3 to 2.7 million). This 

figure also shows that Asia is the most exposed 

region in terms of built-up surface assets (5.540 

km2 in 2015), followed by Northern America (500 

km2) or 7.82% share over total built-up surface, 

while the share of population potentially exposed 

to tsunami in 2015 (500 years RP) was 0.75%. 

Figure 16 illustrates the regional distribution of 

exposure to tsunamis in 2015. Asia 

]ih]_hnl[n_m [fgimn 3+Х i` nb_ qilf^¼m

exposed population, with Africa, Europe, and 

Northern America representing less th an 1% 

of total each . Differences emerge when 

comparing the shares of built-up surface and 

population. Only 0.75% of the world population 

exposed to tsunamis live in Northern America11, 

but 7.82% of the total built-up surface exposed to 

the same hazard is located in the that region. 

Significant differences can be highlighted also in 

Europe (0.83% vs 1.69) and in Oceania (0.26% vs 

0.43%). The opposite case is represented by Latin 

America and the Caribbean where the share of 

built-up surface exposed is lower than the share 

of exposed population (6.57% vs 4.07%). 

  

                                                        
11 Note than in this regional grouping, Northern America 
includes the United States and Canada. 

Table 6 Population and built-up surface exposed to tsunami hazard by region, 500 years RP (1975-1990-2000-2015) 

 
EXPOSED POPULATION (inhabitants) 

EXPOSED BUILT-UP  
SURFACE (km2) 

 
1975  1990  2000  2015  1975  1990  2000  2015  

Africa  106,752 132,164 181,980 266,534 12 24 32 37 

Asia 25,499,171 29,143,289 33,302,269 37,920,629 3,321 4,396 4,893 5,541 

Europe 357,834 348,098 351,052 345,568 55 88 100 110 

Latin America and the 

Caribbean  
1,354,945 1,894,868 2,257,014 2,737,349 148 192 225 264 

Northern America  214,982 249,646 276,136 311,798 299 395 436 508 

Oceania 65,119 74,943 85,522 107,124 16 21 24 28 

N\A 118 265 586 118 0.2 1 1 2 

TOTAL 27,598,921 31,843,274 36,454,560 41,689,119 3,851 5,116 5,711 6,488 

Figure 16 Share of Population and built-up exposed to tsunami hazard by region, 500 years RP (2015) 
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According to data obtained combined the GHSL 

and the hazard map, Japan is the country with 

the highest number of people potentially 

exposed to tsunami in 2015  for 500 years RP 

(Figure 17). The exposed population increased 

from about 16 million in 1975 to almost 19 

million in 2015.  

Having experienced a big increment in population 

in coastal areas in the last decades, China has 

seen also the number of population exposed 

to tsunami become bigger, from 2 to 6.5 

million . Peru is the only non-Asian country in the 

top 10 of the most exposed countries, among 

them Indonesia, India, Philippines, Bangladesh, 

Hong Kong, Oman and Myanmar. Japan, along 

with China and Indonesia concentrate 74% of the 

total population exposed. However, Japan is a 

major exposure hotspot for tsunamis, 

concentrating 45% of global exposure in 2015. 

This share has been decreasing since 1975 when 

it was accounting for 61% of global exposure.  

Figure 17 Ten countries with the highest number of people potentially exposed to tsunami hazard in 2015, 500 years RP (1975-1990-2000-2015) 

Figure 18 Ten countries with the highest built-up area potentially exposed to tsunami hazard in 2015, 500 years RP (1975-1990-2000-2015) 
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Figure 18 shows the ten countries with the 

highest amount of built-up surface potentially 

exposed to tsunami with 500 years RP. These ten 

countries account for 94% of global built -up 

surface  exposure in 2015 , and this share has 

been only slightly decreasing since 1975 (when it 

was amounting to 96%). The figure also shows 

that Japan has by far the highest amount of 

built -up surface  exposed in 2015  (4,000 km2 

of built-up surface), or 63% of total global 

exposure, followed by China. Together these two 

countries concentrate 75% of the total global 

exposure. The United States of America, which 

were not included in the top ten by population, are 

third with 7% of total. Two European countries 

appear in this rank, Italy and Greece (50 and 42 

thousand square kilometres respectively). This 

happens because these countries have a 

significant amount of built-up surfaces potentially 

exposed to tsunami, but these areas have lower 

population densities than those of other countries 

in Figure 17. Exposure has been increasing in all 

countries from 1975 to 2015, with highest rates 

observed in India, China, and Indonesia. 
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Illinois, USA, 2007   

  




















































































