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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
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Atlas of the Human Planet 2017

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
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