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Abstract

TheAtlas of the Human Planet 2017. Global Exposure to Natural HEzaummarizes the global muktemporal analysis of exposure tsix major
natural hazards earthquakes, volcanoes, tsunamifipods, tropical cyclone winds, and sea level surge. The exposure focuses on human settlen
assessed through two variables: thglobal builtup and the global resident population. The two datasets are generated within the Global Hu
Settlement Project of the Joint Research Centre. They represent the core dataset dftldee of the Human Planet 2016vhich provides empirical
evidence onurbanization trends and dynamics

The figures presented in the Atlas 2017 show that exposure to natural hazards doubled in the last 40 years, both fenpgbaitea and population.
Earthquake is the hazard that accounts for the highest number of gleopotentially exposedFlood, the most frequent natural disaster, potentiall
affects more people in Asia (76.9% of the global population exposed) and Africa (12.2%) than in other regiopg&al gclone wind threaten 89
countries in the world andhe populationexposed to cyclonescreased from 1 billion in 1975 up to 1.6 billion in 2015 he country most at risk to
tsunamis is Japan, whose population is 4 times more exposed than China, the second country on the ranking. Sea levefetegthafountries
across the tropical region and China has one of the largest increase of population over the last four decades (plus 260 peidjple from 1990 to
2015). The figures presented in the Atlas are aggregate estimates at country level.

The value of tle GHSL layers used to generate the figures in this Atlas is that the data are available at fine andlexposure and the rate of change
in exposure can be computed for any area of the worRkesearchers and policy makers are now allowed to aggregate saxpoinformation at all
geographical scale of analysis from theountrylevel to the region, continent and global.
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EXECUTIVE SUMMARY

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 buift
surface and population. Both are global datasets
produced by the GlobaHuman 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 2012030 (DRR). ¥h
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 posk015
international framevorks: 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 IlI).

The Atlas of the Human Planet 2017 is the
second outome 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 ofhé

indicators for monitoring pos2015 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, finecale, synoptic,

and multrtemporal datasets that provides a

historical record of the past 40gars.

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,oiit Research
Centre. The GHSL dataset has been comibinith

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 tis analysis, the global exposure of
population andbuilt-up surfaceto natural hazards
increased in the last 40 years. Some hazards, due
to their nature and characteristicyose athreat

to a large number of peple in different regions
of the world. Earthquake is the hazard that
accounts for the highest number ofexposed
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). 12015,
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 highestamount of built-up surface
exposed to tsunamis, followed by China and by
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the United States of AmericaFlood, the most
frequent natural disaster, potentially affects more
people in Asia (76.9%f the global population
exposed and Africa (12.2%) than intber regions.
The world populatin potentially exposed to flood
is around 1 billion in 155 countrieg; 2015. 11%

of the area builtup on Earth is potentially
exposed to this hazardoo. Cyclone wirglpose 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
populatior). In 2015, 640 million people are
exposed toextremelystrong cyclone winds. China
is by far the country with the largest number of
people potentialj exposed tostorm surge as
consequence oftropical 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 theore datasets used in the
GEO Human Planet initiative, and is the main
baseline used in releases thatlas 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
Direoj m\ o" h @ © Nk \ ~°
JRC, together withthe DirectorateGeneral for
Regional and Urban Policy (DG REGIO) and
DirectorateGeneral (DG) for Internal Market,
Industry, Entrepreneurship and SMEs (DG GROW)
are working towards a regular ah 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

Executive summary

Knowledge Centrefor Disaster Risk Management,
Sustainable Development, Territorial Modelling,
and Security & Migrationbut also the Index for
Risk Management (INFORM), ti@&obal Flood
Awareness System (GloFA®)e Global Disaster
Alert and Coordination System (GDAG&H the
Copernicus Emergency Management Service
(Copernicus EMSYoreover, 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 presentAtlas of the Human PlaneR017 is
based on evidencecollected by the GHSL project
of the JRC. GHSL combines satellite and census
data to produce high resolution, global open
information onbuilt-up surfaceand population. In
the curent release supporting thétlas 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 hazamprone areas,
and how settlements and populath changed
over time. This knowledge can be used to assess
the incrementin exposure to natural disaster

" HNT " p mhe firdd dhdptst dnbrdBlicBstitie itopit And maind

challenging in measuring exposurdhe second
illustrates the GHSIlkey elements, concepts and
methoddogy. The third chapter presents thmain

findings per each hazardin the conclusion, final
remarks regarding both limitation and future
development of tlis work are presented. The
annexes contain technical details and references.
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1. INTRODUCTION

INTRODUCTION

Exposure represents the people and assets at risk
of potential losses or that may suffer damage ta
hazard impact. It covers several dimensions like
the physical (e.g. the builtp environment), the
socal (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 socieeconomic and ecological processes.

Particular attention to understandg exposure is
required for the formulation of policies and
actions to reduce disaster risQJNISDR 2015a3s
highlighted by the Sendai Framework for Disaster
Md nf f M™ Poficlepand pratiges for disaster
risk management should be based on an
understanding of disaster risk in all its dimensions
of vulnerablity, 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 apprajpate preparedness
and effective response to disasters

The article 17 of the Sendai Framework clearly
calls for actionsto\ qj d _HRoc’
and redue the existing: the aim of the Framework
istoANpctclr T cu _1IDb
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* | b
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

11

f]’\m‘\odjréS

piskb s a Cy cgvggl&r,\q Ipq '

should consider the evaluation of how these
driversevolve 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 expsure 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 @ad administrative
geographical unitdefinitions 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,
demographt changes, modifications in building
practice and other socieeconomic, institutional
and environmental factors(World Bank, GFDRR
2014).

Among the different tools for collecting
information on exposure and monitoringts
changes over time, earth observation represents
an invaluable source of upo-date information on
the extent and nature of human settlements
ranging from city level (using very high spatial
gldtioeh Patd) to "thid H&bAI iedel (using global
coverage 6 satellite data) (Deichmann et al. 2011;
BANYN\CPH\Pi B EVdnNT
Tenerelli 2013) Besides, change detection
techniques based on satellite images can provide
timely information about changes to the built
environment(Bouziani, Goita, and He 2010)he
coupling of recent remote sensing technologies
and spatial modelling offers the opportunity to

rf s qUNESDR ¢ | &Liifef doridRiGed JebdttSsktd depichirguilt-up

surfaces and population distribution that are
consistent for global risk modelling, impact
analysis, andpolicymaking 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, muktemporal, open data on
the physical chracteristics and the dynamics of
human settlements. Drawing from 40 years of
satellite  observations, muktemporal grids
describing the builup environment and
population distribution have been produced for the
periocs 1975, 1990, 2000, 2015 epochMartino
Pesaresi, Melchiorri, et al. 2016)

At present, the GHSL datasets represent an
unprecelented source of information for
understanding global changes and trends in
exposure to natural disastergMartino Pesaresi,
Melchiorri, et al. 2016) The availability of such
consistent information on physical and human
exposure and its changes over time at a fine

12

INTRODUCTION

spatial resolution is the driving force behind this
report.

Thus acknowledging t 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
secondAtlas presents theglobal status and trends
of human settlements exposure to selexd
natural hazards. The purpose is to shed light on
the spatiotemporal patterns of exposure and their
relation to socieeconomic vulnerability. The
analysis brings together the best available global
hazard data and multtemporal 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 GHSIOTO MEASURE EXPOSURE

2.1 Remote sensing data to map human settlements

Human settlements are typicallyneasuredbased
on the amount of population andn the size of the
built environment two information aspects that
are also used to quantify exposure to disaster risk
Remote sensing technologiescombined 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 + %n [ # .1606rh [patial resolution)
(Potere and Schneider 2008nd with figures that
vary significantly (Schneider, Friedl, and Potere
2010). Over time, banges in the physical size of
settlements have bee mapped and measured
from a combination of coarse and moderate
resolution imagery as well asfrom medium
resolution imageryln 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 map
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 thé¢ use of
historical input imagery data (Landsat series for
circa 1975, 1990, and 2000 and2015), both
population and buikup layers are produced for the
four epochs, allowingo measurethe 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]l b i~ nb_ ?2[ 1 nb¥m mol
settlements, where, how much and how fast

are settlements growing. These new sets of
information on ghysical sizeof cities and their
growth impact societal processes at all levelsnd
are necessaryto guide country development plans
towards more sustainable societies (United

13

Box 1 Sendai Framework
for Disaster Risk
Reduction - UNISDR

UN World Conference on

Disaster Risk Reduction
2015 Sendai Japan

The Sendai Framework was adopted by UN
Member States on 18 March 2015 at the
Third UN World Conference on Disas
Risk Reduction in Sendai City, Miyagi
Prefecture, Japan.

The Sendai Framework is a Hear,
voluntary, norbinding agreement which
recognizes that the State has the primary
role to reduce disaster risk but that
responsibility should be shared with othe
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 enviromental assets of
persons, businesses, communities and
countries

The Sendai Framework is the successor
instrument to the Hyogo Framework for
Action (HFA) 200%2015: Building the
Resilience of Nations and Communities to
Disasters. It is the outcome of stakelder
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 th UélH t’je[al ssqmnyA

UNIS has been tasked to support the
implementation, followup and review of
the Sendai Framework.

Source: http://www.unisdr.org/we/coordinate/sendai
framework
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Nations, General Assembly 2015Producingsuch

a high cos and that is why eath observation is the
most promising and coseffective technologyto
address the assessment of human settlements
from local to national and global scaléMartino
Pesaresi et al. 2013)

The need for global settlement information goes
beyond scientific enquiree and has practical
implicatiors 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:
Y% Sendai framework for DBaster Risk

Reduction (DRRjUnited Nations 2015)
(seeBox1),

%2 Sustainable Development Goals (SDGs)

with particular focus on Goal llnfake
cities and human settlements inclusive,
safe, resilient, sustainab)e

% Paris Climate Agreements

%2 New Urban Agenda (adomein Quito,
Ecuador in October 2016).

14
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information from the field observationshas usually

In particular,the implementation of the SDGss
contingent to theavailability and access to data
and statistics, to ensure that no one is left behind
in the information gaps.

As highlighted during the Habitat Illirgparatory
process, ugo-date information about land use
and cover, cadastral systems and vulnerable areas
should be incorporated in the planning process,
"nk > "rd\ggth
accessible geospatial data can support monitoring
in mary 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 (bothin terms of knowhow 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 datgPfeparatory
Committee for the United Nations Conference on
Housing and Sustainable Urban Development
(Habitat I11) 2016)

\ odperg jarid\ gafily g °

" g)
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Information on locatio n and size of human
settlements can be wused to measure
exposure (to natural / manmade hazards,
disasters, and pollution). In fact, global human
settlement information are in demand by a
number of institutions operating globally
including the European Canission Services for
Development and Humanitarian Aidthe United
Nations agencies and programs, the World Bank,
as wdl as the donor countries thatrequire
guantitative  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 degreef
detail. Global alert systms such as the Global
Disaster Alert and Coordination System (GDACS)
and INFORNDe 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 #hreasons why is
import to have accessible, homogenous and free
data on settlements.

1 http://ec.europa.eu/europeaid/abedgvelopmeirand

cooperatioreuropeaid_en
http://ec.europa.eu/echo/
2 http://www.gdacs.org/

15
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Box 2 INFORM: Index for
Risk Management

INF=RM

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 INFORNM
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 anc
research istitutions to establish a common
evidencebase for global humanitarian risk
analysis. The INFORM model is based on ris
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.inforrmdex.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 GHSLdataset

Spatial info

References

ooooooo *
S !!!!!!! Censusdata &=
L =
TrITTRY _—

The GHSL operates in an open and free data
access policy including the full data
production and dissemination cycle (open
input, open processingnethods, open outputs,
open sharing platformp The GHSL consists of
three main information components hierarchically
placed at three different levels of abstraction:

Y% Global Human Settlement built -up
areas (GHS BU),

Y% GHS population grids (GHS-POP)

% GHS <ettlement classification model
(GHSSMOD).

The first wwo products have been used in this
report.

Global Human Settlement built -up areas
(GHSBU) is a layer providing information on
observable presence of builip structures or
buildings Tc ~ f ° ] p drptitutes the physigal
part of the human settlement fabric or spatial
extension that is observable and measurable using
the available global sensorsThe GHSL reports
about built-up areas (GHSBU, resolution 38n), as
areas (spatial units) where buildingsue be found
(Martino Pesaresi et al. 2013)The concept of

GHS Products

GHS Built-up
Data Mask

THE GHSL TO MEASURE EXPOSURE

BUILT-UP

GHS Built-up
Confidence

POP

)

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 exceps the condition of thepermanency
of the structurethe GHSLallows for inclusion of
refugee camps, informal settlements, slums and
other temporary settlements and shelters in the
notion of built-up areain the GHSIparadigm

The GHSLpopulation grid or GHSPOP (250m
resolutior). This layer is derived from the
combination of global collections of national
population census data and global builpp areas
(GHSBU). In the approach taken by the GH8le
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
GHSBU grids, by systematic and consistent
application of the same set of data interpolation
and spatial disaggregation methods to the best
available globalspatial baseline datgFreire Sergio
et al. 2016)

The following sectiom help the reader to
understand the extraction of information from
satellite imagery the built-up surface definition

°pdg_di bn»h aj mh\ g demclosef] 1 t h(202c)the MBoCasBf fromininingbuilt-up grids with

constructions above ground which are intended or

used for the shelter of humans, animals, things or

16

census datao produce the population grid®.2.2)
and anexample(2.2.3)
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Built up area is typically
expressaed with a continuous
values representing the
prepartion of building
footprint area within the
total size of the cell

THE GHSL TO MEASURE EXPOSURE

ni

N

Built-up extraction

Hurnan settlement are characterizing by constructed,
man-made objects - that include buildings and

associated structures and civil works. For settlement
analysis, the location and spatial size of the building
surface area — referred as building footpnnt area - is

modelled nto buslt up areas.
Satellite imagery

GHLS
METHOD

A satellite image is a raster file which represents
Earth’s surface.

In arder to be used to obtain useful information about
urban settlements, many steps have to be done, such

as
ortho-rectification, georeferencing, spectral calibration

and radiometric corrections.

IMAGE
ACQUISITION

N

Earth Surface

Earth observation satellites requrarly provide images
of its surface These images have different resulution
and characteristics.
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2.2.2 From Built -up surface to population grid

INPUT

GHS
BUILT-UP

Census data ©=

Arrrrrne

METHOD

v’

OUTPUT

GHS
POP
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GSH built-up uses small grid cells to measure
human settlements regardless of
administrative boundaries.

Population censuses provide accurate
information on the characteristics and number
of residents for administrative or finer
numeration areas (census tracts).

These data sets are typically available as a
total count for units varying widely in size and
shape, while frequently residents occupy only
specific zones of these units, at different
densities.

The GHSL method is design to combine
information from population censuses with
built-up and to downscale population into a
grid of 1Km of resolution, according to the
presence or absence of built-up in the grid cell

The combined information result into a new
layer (resolution 1Km) which disergards
administrative boundaries, and represents the
presence and density of population.

In the GHS pop grid, the grid cell value
represents the absolute number of inhabitants.
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2.2.3 An example from the city of Madrid, Spain

Satellite i oo
dtellite image
e Administrative boundaries The image on the left is a satellite
(Gadm level 3) image of the city of Madrid, Spain
in 2015.
The overlapped administrative
boundaries (in blue) show their
differences in size and unevenness
of borders.

2015
2000
1990
1975

Built-up area Bui[tfup

e (resolution 38m)

GHS
BUILT-UP

Built up area is typically expressed
with a continuous  values
representing the proportion of
building footprint area within the
total size of the cell

The value of the cells in this area
are significantly different, from 0
to 98.

S pr [ Number of inhabitants Population grids
S : (resolution 250m)

. i max

GHS
POP

In the population grid, grid cell
value represents the number of
inhabitants.

In this specific area, the number of
inhabitants varies from 3 to about
12.000 per sgkm.

19
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2.3 Key concepts to measure exposure

This paragraphintroducesthe methodology used to measure exposure combing the GHSL and the best
available global hazard maps. Before presenting the methodology, some kewiceps related to risk and
natural disasterare presented as theyave 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.

RISK = HAZARD x EXPOSURE x VULNERABILITY

L]
RISK < When addressing the fisfrom natural hazardswe may
The potential disaster losses, in lives, health ¢ comprise three elements to compute the riskiazard
status, livelihoods, assets and services, which? . tensity Ex ; nd Vulnerabilit
could occur to a particular community or a INtensity, Exposure, a uineraniiity.
society over some specified fututéme period
(United Nations General Assembly 2016)

feecececcceoocccccecccececcccccc® The Atlas of the Human Planet 2017 focuses on the
exposure to natural hazards . This Atlas addresses
EXPOSURE o
N . , changes over time in exposu re of human settlements
The situation of people, infrastructure, housing?

production capacities and other tangible humare expressed as population and built -up surface) to six
assets located in hazargrone areas natural hazard types (earthquakes, tsunamis, volcanic
(UnitedNations General Assembly 2016) eruptions, floods, tropical cyclone winds, andtropical

cyclone storm surge

00 0000000000000 0000000000000000O0COC, . . . .
With a growing population and urbanizingrea, also
VULNERABILITY exposure is expected to increase. With growing exposure,
The onditions determined by physical, social, ¢ also risk is likely to increase unless vulnerabilities are
economic and environmental factors or processe  aqyced. Despite the fact that vulnerability is widely
which increase the susceptibility of an individual .
a community, assets or systems to the impacts? discussed, it is not measured globally, mostly because of
of hazards. o the lack of glolal and reliable data. Téy measurement of
(United Nations General Assembly 2016) « vulnerability represents the next global challenge in terms
ceeccccccccccoococcccccccccene®® of disaster risk assessmentThis element of the risk

assessment is not discuss in this report.

20
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HAZARD AREAS

1975

Hazard zone 2

Hazard zone 1

THE GHSL TO MEASURE EXPOSURE

2015

Hazard zone 2

Hazard zone 1

Hazard maps are produced using probatic methods based on different
return periods. These hazard layers illustrate the probabilistic model a PROBABILISTIC AZARD MODEL

represent the probability thah hazardous event will occur in the future in

a given geographical area.

00 0000000000000 000000000000000000

RETURN PERIOD

Average frequency with which a partiem event
is expected to occur
(UNISDR 2015)

®000006000000000
®o0000000000000

000 0000000000000 0000000000000000

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 fiedtyle,
as well as migrations to citiesThis approach has
been chosen to make a call to the international
arena for addressing

the consequences of

increasing exposure as currently occurs with the

j oc’
hazard increment of the events and vulnerability.

21

all potential hazardous events
within the return period

Disaster probability and related poteatly affected area
depend on a time frameconsidered and are usually
provided for several return periods, according to the nature
of the hazard and the selected probabilistic model.

Given that climate change might have a significant
effect on the frequency and severity okome
hazards(IPCC 2012)such asfuture flood events
more variables should be considered in multi
return-period analysis(Jongman, Ward, and Aerts
2012). In this analysiswe did not include disaster
risk reduction strategies or defences that couiets
could or have put in place (suctsdhe Netherlands
for flood, i.e). Also coping capacitys the ability of
people, organizations and systems, using available
skills and resources, to manage adverse conditions,

mh k\ mofhjahoc  f°mdnf f riskag disgdediwasng crsigered in hestudy) a f o c°

3 https://www.unisdr.org/we/inform/terminology#letter
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2.4 Methodology and input data

GHSL for Disaster Risk Reduction

THE GHSL TO MEASURE EXPOSURE

0
Qo
Hazard map

Repeated for 6 hazards

Earthquake
Method
2015 —— B ﬁ Volcano
- "'~ .
ol 2 . Tsunami
2000 — Sas .‘ Exposure } Population
~1‘~ 5 Q Flood
1990 —— v
Built-up Tropical _
Cyclone Wind
o Cyclone
Storm Surge

Image 1 Method applied to calculate exposure to natural hazards
The analysisof the exposurein this Atlasbenefits

from the global hazard data produced by different
research teams for purposes of global hazard and
risk analysis.GHSL data orbuilt-up surface and
population have been combined witlgeospatid
datasets on natural hazards commonly used at
international levelor developed at the JRClrhe
methodology adopted for the Atlas 2017
prescribes to overlay hazard maps for a
selected return period with population grids
(GHSPOP) 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 surfacefor the four GHSL available epochs
(1975-1990-2000-2015)*.

4 GHSL data area free and open. The whole collection is
available for download:
http://data.jrc.ec.europa.eu/collection/GHSL
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The hazard zones are obtained from the best
available hazard maps for the specific hazard type
(see Table ). For each hazardthe input hazard
maps with descriptiveinformation are detailed in
the technicalannexegseeanney.

Data for the seismic hazard elaborated for the
GAR 2013 (UNISDR 2013)at global level are
presented for the four level of risk, derived from
the Modified Mercalliintensity Scale (MM). The
475 year RPused in this analysissi prescribed by
the national building codes in Europe for standard
buildings#° @pmj *j _ " A 35N dnhd~rfh?"
Rj mf ~ _f @s \ h k.Besides, fif is the mosth 2 $
common standard used in the insurance industry

for assessing seismic risk, and it is also the di&

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, se®).
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JRC elaborated the hazard map fatolcano by
creating a buffer zone of 100km around the 220
volcanoes included in the NOAA datab&s&his
analysis does not includainderwater volcanoes
that mainly cause tsmami, that have been studied
separately.

For the analysis of exposure tisunami s, the GAR
dataset has been usedvith 500 year RPthis 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 ocurring  tsunami causing
earthquakes, lacking of reliable long records
(UNISDR 2014)

The JRC elaborated a higksolution global hazard
map for fl oods, called Global Flood Awareness
System(GloFApthat has beenusedfor measuring
exposure to this hazard 100 year RPselected to
analysis this hazard isthe RP usedfor the
preparation of the flood hazard and flood risk
maps, set forth in Article 6 bthe European Flood
Directive (European Parliament and the Council of

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

THE GHSL TO MEASURE EXPOSURE

the European Union 2007, para..7)

Results for tropical cyclone wind provide
information on two levels of hazard: the lowest
correspmd to strong windsup to 177 km\h (SSt
2), the highest refers to extreme strong winds
greater than 178 km\h (SS35). To measure the
exposure totropical cyclone storm surge , JRC
has elaborated the hazard map bysing different
input data, as illustrated irthe technical annex~or
both cyclone hazarsl 250 year return period has
been used.Higher return periosl (500 and 1000
year) covering the maximum potential exposure as
people and buildings, were available for cyclones.
Howeverthe definition of the ar@as exposedvould
become more uncertain, due to the extrapolation
error in fitting the extreme value distribution to
such high return periods.

Hazard Source \ Return period
Earthquake GARB 475 years
Volcano JRC (baseline: NOAA Significant Volcanic Eruption Bségb \
Tsunami GAR15 500 years
Flood JRG GIoFAS ‘ 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 coordinai
the United Nations Office for Disaster Risk Reduction (UNISDR) in the context of the Hyogo Framework for A
2005-2015: Building the Bsilience of Nations and Communities to Disasters (HFA). The HFA is an internatic
framework adopted by 168 UN member States in Kobe, Japan in January 2005 to achieve an expected outcom
the substantial reduction of disaster losses, in lives and i thocial, economic and environmental assets of
communities and societies. Every biennium governments have-asdbssed their progress towards the

achievement of this outcome using the online HFA Monitor. In 2007 UNISDR published Disaster Risk Redu
Gobal Review 2007, which assessed progress in the first two years of the HFA. Shortly afterwards, work bega
the first edition in the GAR series, which has compiled and analysed data and information on disaster risk pattt
and trends, government selissessments of progress, and critical challenges to disaster risk reduction since 20C

Source: https://www.unisdr.org/we/inform/gar

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

23



Atlas of the Human Planet 2017

EXPOSURE TO NATURAL HAZARDS

3. EXPOSURE TO NATURAL HAZARDS

This chapter analyses the change in exposure to six
different hazardsof one return period eachn the
past 40 years(1975-1990-2000-2015).

The analysis is carried out by hazafor one return
period for different geographical scales aglobal,
regionaf, and country level.lt takes into account
only a singlereturn period per eaclhazardin order
to focus the attention on the change in exposure

The selected return periods and the data sources
are reportedin the annexes

In the following paragraphs,\ery natural hazard
is briefly introduced and the key elements of the
input dataare presented

8 For the regional grouping se@eographical classification

24

For eachhazard, a global outlook of exposure is
introduced both for population and built-up
surfaces. Then aregional breakdown is presented,
to identify which regionsof the world are more
prone to aspecific hazard For some hazards, a
breakdown by income grodjis also reported

A specific level of income could besedas inputto
estimate the vulnerabilityeconomic capacity of a
community is in fact one of the componesto be
considered in vulnerability evaluation

Finally, two liss 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 djuilt-
up surfacepotentially exposed in 2015

9 For the income grouping sdecome
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3.1 Earthquake

The term earthquake is used to describe any seismic event that generates seismic waves. Earthqg
are caused mostly by he rupture of geological faults and sometimes also by volcanic activi
landslides, etc., and are concentrated within specific areas around the world, mainly in geolog
active areas such as the Pacific coast on North and South America, Indonesin,Jepnalayas, etc.
(UNISDR 2015)Map1 shows the hazard map of the seismic area in the world where the geograph
distribution of the hazards areas is clearly visible.

The seismic hazard map used in this analysis (EM&BHAP, more details in Annex) classifies the a
exposed to earthuakes into four classes according to earthquake shaking intensity and rela
damages.

These classes refer to earthquake classes following the MMI scale. During an earthquake of clas:
5, for example, the shaking isft by nearly everyonend many awake,some dishesand windowsget
brokenand wnstable objects are overturnedihe extreme events result in someell-built wooden
structuresbeing destroyed whilemost masonry and frame structures are destroyed with foundatipr
and even ails may bebent

Dataset used for the Seismic hazard

Return Period: 475 years

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

Source: EMMIGSHAP hazard map

® dasss class 6 ® class7 @ dass8

Map 1 Earthquake Hazards MapClasses defined for the analysis

26
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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%)

E 7 (Figure 1), considemg 475 years RP andany
= earthquakeof class five or higher, i.e., from moderate
s 6 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 AsiagRacific Islands, Middle East Asia,
and Eastern Europe and on the western part of the
4 392 Americas Klap 1). If the population potentially
342 exposed to earthquakes doubled in the last 40 years,
the built-up surfaceincreased by 145% dung the
same period, from 97,000 to 238,000 knv,
corresponding to 31% of the globdbuilt-up surface

2 (Figure2).
| . I
0

1975 1550 2000 2015

5 467

267

wexposed  not exposed

Figure 1 Global population potentially exposed to seismic hazafdclass
from 5 to 8,475 years RP (19751990-2000-2015)

700

Built-up in thousands ofsqkm

500 538

435

212
) . I l
1975 1530

0
2000 2015

wexposed not exposed

Figure 2 Global Builtup potentially exposedd seismic hazardof class
from 5 to 8,475 years RP (1975.990-2000-2015)
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Figure 4 Population ptentially exposed to seismic hazard
hazard class475 years RR1975-1990-2000-2015)

Figure4 illustrates the distribution of potentially
exposed populatio living in the different class of
hazard areas over tim (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).
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Figure3 Builtup potentially expsed to seismic hazard by haze
class,475 years RR1975-1990-2000-2015)

A similar proportion can beolnd also inthe

share of built-up surfaceexposed about 48,000
kn? of the 230,000 km? potentially exposed to
earthquake are in hazard zonefalling within

class7 and 8 (Figure3). The amount ofbuilt-up

surfacein hazard zonedias more than doubled in
the last 40 years, similarly to the exposed
population



Atlas of the Human Planet 2017 EXPOSURE TO NATURAL HAZARDS

B60%
50% smmau argarn S «“”mn‘
‘n“!‘m ’ - e A4y 4t
" -l 7 7 7
s / s
o / % /)
’ Rz 2em IR ’ ’
B e / ’ 2om20%?® ’
20% . 18% 4’ 4 ’ _’ 19% ﬂmsm‘m‘ _’
- / ’ Y / /
i, / / Y /
10% y ‘ - ’ 4’ 4’ . ‘ 4 ’
/ /
M2 N N7 N N7 A
Africa Asia Europe Latin America and the  Northern America Oceania
Caribbean Oceania
Exposed Population Exposed Built-up
1975 1550 2000 . 2015 1975 1990 © 2000 £ 2015

Figure5 Share ofPopulationand Builtup potentially exposed to earthquake by regi@v5 years RR1975-1990-2000-2015)

Table2 Populationand Built-up surfacepotentially exposed to earthquake by regiat¥5 years RR1975-1990-2000-2015)
Latin

Enon America Northern ST
P and the America
Caribbean
. 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
[=I)
§-§ E 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
o = =
u‘;'j’- é% 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
ey
S = 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
- 1975 2,794 44,464 19,360 12,511 14,758 3,400 18 97,306
£
§ %5 1900 6,212 81,652 34,739 18,391 22,588 4,721 4 168,308
O =
%§§ 2000 7,877 96,600 39,885 21,734 25,099 5,240 73 196,508
baog
; 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 ofbuilt-up surfaceexposed decresed 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
hazard Téble 2),
corresponding to 48% of the regional population

exposed

to

seismic

built-up surfacedoubledin the last 40 years in
terms of absolute values in Latin America and the

Caribbean,

increased

the shareof exposed population
increased while the share of exposed built-up
surface has been slightly decreasindgexposure
to earthquake in Africa is decreasing
relative terms and
number faster than in other regions.

in
in absolute
In Africa,

the share of exposed population anduilt-up
surfaces exposed to earthquakes decreased

(Figure 5). While the exposed population and

29

between 1975 and 2015, but in the absolute
terms they haveincreasedby a factor of 4 during
the same periodTable2).
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Figure6 Share ofPopulationand Builtup potentally exposed to earthquake by income grodgs years RR1975-1990-2000-2015)

Table3 Population anduiltup surfacepotentially exposed to earthquake by income grod5 years RR1975-1990-2000-2015)

Lower-

High Upper-Middle

Middle Low Income (\[e]
Year Income Income . :
. . Income Countries Assigned
Countries Countries .
Countries
= = 511,753,475 256,092,584 468,871,721 148,794,043 23,778,654 1,409,290,477
(=]
§ =] 629,022,532 351,983,759 684,864,929 216,320,686 29,713,781 1,911,905,686
=& 690,050,716 403,786,543 833,336,178 275,858,974 32,698,783 2,235,731,194
(o]
we 771,467,002 483,103,954 1,056,255,081 370,695,235 36,306,481 2,717,827,753
= 56,227 18,097 17,374 1,810 3,799 97,306
§ = % ag 94,915 33,251 31,534 3,718 4,889 168,308
'(-'\IJ E = 108,639 39,355 37,807 4,976 5,731 196,508
(%]
E 128,173 47,385 48,098 8,106 6,445 238,207

Figure6 shows potentially population anduilt-up
surface exposed ¢ earthquake by income groups
over time (475 years RR)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 (Figure6). 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 Cotnies, 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 km? in 2015), has
more than double d between 1975 and 2016
(Table 3), and its share increased from 26 to
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28% in the same period Kigure 6). In the last
forty years, the built-up surface potentially
exposed inreased 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
LMCsbuilt-up surfacein hazard areas are similar,
about 47.000 kn? and they increased in the last
forty years respectively by 162% and 177%.
Despite the fact that the amount ofbuilt-up
surface potentially exposed in Low Income
Countries is relatively small (8.000m? and about
16% of the total in 2015), it is important to
highlight that it increased by 348% in the last
forty years.
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Figure 7 Tencountries with the highest number of people potentially exposed to seismic haza@D15, compared to totapopulation,475 years R

(1975-1990-2000-2015)
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Figure8 Ten countries with the highest amount of builp potentially exposed to seismic hazard in 2015, compared to total hult475

years RR1975-1990-2000-2015)

In Figure 7, the 10 countries with the highest
number of people living in hazard areas in 2015
are ranked by exposed populationindia and
China have both more than 380 million of
people potentially exposed to earthquakes
(475 years RPB)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 eachApart from India and
China, all other countries in this ranking have
more than 2/3 of the country population
potentially exposed to eaélhquake hazard. In the
case of Pakistan and Iran, this share is more than
95%. All ofthose countriesare in Asia, apart from
Mexico. Only China and Japan drigh Income
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Countries KIQ™¥. In Figure8 the 10 countries with
the highest amount ofbuilt-up surfacepotentially
exposed to seismic hazard are ranked. Only three
of them are HIC, while the others are LMEUMC.
In this top ten list, two European countries appear
Italy and Romaniawith 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 8.
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3.2 Volcano

4

D/

Comprehensive volcanttazard maps are difficult to generatbecause eaclvolcano produces hazards
that can be modelled only localiywlcano hazards depends on the topography of the volcano,
precipitation, on wind directigriactorsthat are all local in nature.

In addition some volcanic hazardsave local impacivhile others have widegeographicaimpact even
if with less intensity the fall of pyroclasticblocksand lava flows occur in the imnediate vicinity of the
volcano; wlcanic ashes and smoke plumesntravel farther and affect people and economic activés
at wider distance and for longer periods

In the absence of global volcanic hazard maps, in this report we assess population altelipuvithin
100 km of 220 volcanoespresent in theSVED databasémore detils in Anne) as one proxy for
potential exposure. A distance aD0 km is relevant for assessing direct effects of volcanic eruptior
since lethal pyroclastic flows and surgdéblakada 2000) and lahars(Rodolfo 2000)may occasionally
extend to these distances. Chester et al. have estindatbat among twelve destructive phenomeni
associated with volcanic eruptions, seven can potentially reach such a dis{@toester 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 DatabéS¥ED)

Location of the active volcanos considered in the analysis

Map 2 Bxposure analysis within 100rk radial distance fran the 220 volcanoes included in the study
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450

414
Figure9 shows evolution of total population within

a range of 100 km from the 220 volcanoes in the
249 SVED databasdsee Annexes)According to these
results the proportion of the global population
303 living within 100 km has remained relatively
300 stable from 1975 to 2015 (at around  5.5%),
although absolute values have increased by
250 227 82% in this period to a total 414 million
people, following the rate of global population
200 growth (Table4). This translates into additional 186
million potentially exposed since 1975.

400

Population in Millions

350

150
Figure10 shows evolution ofotal area of built -

up surface within 100 km of the 220
volcanoes in the SVED database. According to
these results,the amount of kuilt-up surface in
proximity of these volcanoes has beeconsiderably
increasing reaching 39,000 krh in 2015. This
- represents arincrease of 139% since 1975 and
1975 1950 2000 2015 .
of 23% between2000 and 2015. However, increase
Figure9 Populationwithin 100 km of volcanoe¢1975-1990-2000-2015)  rates were significantly higher from 1975 to 990
(4.4% mean annual growth) compared to later

100

50

N B periods (1.7 and 1.5% in 199@000 and 2000
E . . o .
Z 2015 respectively). Still this increase has been in
2 a0 39.1 line with global increase iuilt-up surfacein these
9 periods, keeping the proportion of the globbuilt-
£ 35 up suface potentially exposed stable at around 5%.
= 318
f Table 4 Population and Buitip surface potentially exposed to volcano
E hazard (19751990-2000-2015)
0 30
27.2
25
20
16.3
15 227,483,973 5.6% 16,312 5.3%
10 302,524,355 5.7% 27,167 5.1%
348,945,818 5.7% 31,837 5.0%
5
413,616,012 5.6% 39,063 5.0%
1975 1930 2000 2015
82% 139%

Figure10 Area of hilt-up within 100 km of volcanoe$1975-1990-2000-
2015)
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12% 11%
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0 70
T EthEthgg o
6%
A% 3030630630
205
2%2%2«,2% 206 296 200 2962%
2% 206206 20629 20h 2%
0%h 0% 09 0% gk 0% 0% 0%
0%
Africa Asia Europe Latin America and the MNorthem America Oceania
Caribbean
Exposed Population Exposed Built-up
1975 1550 2000 2015 1975 1930 2000 2015
Figurell Share ofBuiltup and Populatiorpotentially exposed to volcaniazardsby region(1975-1990-2000-2015)
Table5 Builtup surfaceand Population potentially exposed to volcano hazards by region (19380-2000-2015)
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
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 regiorResults 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 obuilt-up
surface potentially exposed in all four epochs
analysed.

In 2015, these two regionghe share of global
exposure compared to their share of global
populationare significantly different famely 66%

exposedvs 59% of global populationand 21%
exposedvs 9% of global population respectively.
Potential exposure of people is much lower in
other regions, but s amounting to 38.7 million in
Africaand 11.5 million in Europe 2015.

Concerning the temporal trends, potential
exposurefor both built-up surfaceand population
has not increased since 1975 in Europabfut
2%), whereas it has increased significiytin 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,
althoughtotalling only 259,000 in 205. Results
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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 Europer R015 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 exposureof built-up surface is much
lower in other regpns, 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

37

EXPOSURE TO NATURAL HAZARDS

regional differences regarding the global share of
exposure ofbuilt-up surfacerespect to population.
While in Africa this share is much lower fawuilt-

up surface than for population (4% vs 9% in
2015), in Europe the opposite situation occurs,
with exposure ofbuilt-up surfaces being much
cdbc’

Regarding the temporal trends, potential exposure
of built-up surfacehas 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
exposedbuilt-up surface occurring in all periods
(overall rise of 86%) contrasts with unchanging
population exposure between 1975 and 2015.

mhoc\i Akj kpg\lodji *¥%nh#3r
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Figure1l2 Tencountries with the highest number of people potentially exposed to volcano haz48¥75-1990-2000-2015)

Indonesia
Japan
Mexico 3,59581
Italy 2,729.95
Philippines (the) 2,197.22
Guatemala 953.39
Costa Rica 60259
Ecuadar 523.01
Cameroon 517.97
Yemen 457.15
0 2,000 4,000 6,000 8,000
Built-up exposed
1575 1990 2000

1498205
8,572.58
10,000 12,000 14,000 16,000
Built-up in sgkm
2015

Figurel3 Tencountries with the highest amount of builip potentially exposed to volcanwazards(1975-1990-2000-2015)

Figure 12 shows evolution of total population
within a range of 100 km from the 220 volcanoes

in the SVED databas®er 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 globaly 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

38

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 countrieshighlighted inFigure 12 it has
increased significantly. In Yemen and Ethiopia, it
has increased by more than 50% between 1975
and 1990 and between 2000 an@015.

Figure 13 depicts the evolution of tal 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 exposedbuilt-up
surface since 1975, or35 thousandkm? in 2015
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(out of 39 thousand). Results show that the rank
of potentially exposeduilt-up surfaceis different
from that regarding population Rigure 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 ltaly concentrate a much
larger share of global exposedbuilt-up surface
respect to population, while Philippines is in the
opposite situation (6% vs 14% in 2015)ndonesia
has been leading the ranking since 1990, whereas

39
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in 1975 it was led by Japan (with 32% of globally
exposedbuilt-up surfacg. 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 1975built-up surfaceexposure
has continued to increase, by significant rates
(12% in period 20002015). In last 40 years,
potentially exposedbuilt-up surface has been
increasing significantly in &lcountries considered,
and it has grown above population growth (143%
vs 80%).
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3.3 Tsunami

r

Tsunamis are waves set in motion by large and sudden forced displacements of the seawatergh
characteristics intermediate between tides and swell waves. Although tsunamis are infrequent-(c
10 events reported globally pr. year), they do represent a serious threat to the coastal populatic
many areas(UNISDR 2015)

The frequency of tsunamis is linked to seismic activity, and areas historically affbtty tsunamis are
is the ring of fire of the Pacific Rim both in Asia and in the Americas and Indonesia, even though
Mediterranean costs have been hit by tsunamis @sptimes. As coastline is a preferred place to liv
and to conduct human activits and tsunamis mainly hit coastal zones, this hazard as a relevi
impact on global exposure, especially with growing world population and-bpikurface in coastal

areas

For the purpose of this report, the hazard map for tsunami produced for the @ktbal Assessment
Report on Disaster Risk Reductiwith the 500 years return periothas been used.

Dataset used for the Tsunami hazard

Return Period: 500 years

Semantic of the final map: Area flooded by tsunami ruup
Source: Tsunami Ruup hazardmap (GAR 2015)
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Figure 14 Population potentially exposed to tsunami haza&D0 Figure 15 Builtup potentially exposed to tsunami hazard, £
years RR1975-1990-2000-2015) years RR1975-1990-2000-2015)
In 2015, 116 countries in the world have area Built-up surface potentially exposed to tsunami
exposed to tsunami hazardAccording to the had increased more rapidly than population, by
analysis done cmbining GHSL data and hazard 68% between 1975 and 2015. In1975, 3,850
maps, in 2015 42 million people were square kilometres of built-up surfaces were
potentia”y exposed to this natural hazard exposed in the world. In 20158his value reached
considering a 500 year return periodn 1975, 6,490 square kilometresKigure15).

there were 28 million, meaning that the global
exposed population has increased by 51% in forty
years (Figureld).
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EXPOSED POPULATION (inhabitants)

EXPOSURE TO NATURAL HAZARDS

Table6 Population and buitup surface exposed to tsunami hazard by region, 500 years RP (4BF%-2000-2015)

EXPOSED BUHJP

SURFBE(KM2)
Africa 106,752 132,164 181,980 266,534 12 24 32 37
Asia 25499171 29,143,289 33302269 37,920,629 3321 4,396 4,893 5541
Europe 357,834 348,098 351,052 345,568 55 88 100 110
FalATEHCR AN e 1,354,945 1,894,868 2,257,014 2,737,349 148 192 225 264
Caribbean
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 36454560 41,689,119 3851 5116 5711 6488
. . Figue 16 illustrates the regiona distribution of
Table 6 shows the trends of population and built g . g. .
. . exposure to tsunamis in  2015. Asia
up surface potentially exposed to tsunami by ; i
]ih]l _hnl [ n_m [fgimn 3+ X

region between 1975 and 2015. The region with
the highest number of people potentially exposed
is Asia (37.99 million), followedby Latin America
and the Caribbean (2.77 millign 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 millior). This
figure also shows thatAsia isthe most exposed
regionin terms of builtup surface assetg5.540
km? in 2015), followed by Northern Americ&Q0
km?) or 7.82% share over total bultip surface,
while the share of population potentially exposed
to tsunami in 2015 (500years RP) was 0.75%.

064%
0.83%
Population
exposed Northam America  0.75%
2015 arm enca .
Oceania 0268
Mk 0.00%
Built-up 407%
E)(pl]SEd Marthern America
2015
Oceania, 0.43%
NI 0.03%
0% 2% 48

exposed population, with Africa, Europe, and
Northern America representing less th an 1%

of total each . Differences emerge when
comparing the shares of builtp surface and
population. Only 0.75% of the world population
exposed to tsunamis live in Northern Amerita
but 7.82% of the total builtup surface exposed to
the same hazard is lcated 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 #im the share

of exposed population (6.57% vs 4.07%).

N\

N\

T82%

N

&% &%

Figue 16 Share ofPopulationand builtup exposed to tsunami hazard by regips00 years RR2015)

11 Note than in this regional grouping, Northern America
includes the United States and Canada.
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Figurel7 Tencountries with the highest number of people potentially exposed to tsunami hazard in 280Byears RR1975-1990-2000-2015)

Japan
China 73
United States 481
Indonesia 30
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India 62
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Taiwan 46
Greece 43
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Figurel8 Tencountries with the highesbuilt-up areapotentially exposed to tsunami hazard in 201500 years RF1975-1990-2000-2015)

According to data obtained comi®d the GHSL
and the hazard mapJapan 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 areasin the last decadesChina has
seen also the number of population exposed

to tsunami become bigger, from 2 to 6.5

45

million . Peru is the only nomsian country in the
top 10 of the most exposed countries, among
them Indonesia, India, Philippines, Bangladesh,
Hong Kong, Oman and Myanmalapan, along
with China and Indonesia condeate 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 beedecreasingsince 1975 when

it was accounting for 61% of global exposure
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Figure 18 shows the ten countries with the
highest amount of built-up surface potentially
exposed to tsunamivith 500 years RPThese ten
countries account for 94% of global  built -up
surface exposure in 2015, and this share has
been only slightly decreasing since 197%ken it
was amounting t096%). The figure alsoshows
that Japan has by far the highest amount of

built -up surface exposed in 2015 (4,000 kn¥

of built-up surfacg, or 63% of total global
exposure, followed by ChinaTogether 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 4
thousand square kilometres respectively). This
happens because these countries have a
significant amount ofbuilt-up surfaces potentially
exposed to tsunami, but these areas have lower
population densities than those of other countries
in Figure17. Exposure has been increasing in all
countries from 1975 to 2015, with highest rates
observed in India, China, and Indonesia.

46

EXPOSURE TO NATURAL HAZARDS



Atlas of the Human Planet 2017 EXPOSURE TO NATURAL HAZARDS

47






























































































































