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The GAR Atlas: Unveiling Global Disaster Risk is an augmented reality publication.
It has been designed to be read and explored using an 10S or Android tablet. Most
of the information contained in the GAR Atlas can only be accessed in this way.

After downloading the free GAR for Tangible Earth (GfT) application from the
QRcode above or from the App Store (http://unisdr.org/go/gar/apple-store) or
Google play (http://unisdr.org/go/gar/android-store), activate the camera icon
on the application and point your tablet or smartphone at any of the maps in
your GAR Atlas.

Your GAR Atlas will now start to shimmer and the hidden veins of global disaster
risk will start to come into focus. From the bare minimalist cartography on the
printed page the world of disaster risk comes to life. Suddenly, and depending
on the function you choose, you can be immersed in a swirling world of cloud
cover and real time weather conditions or be threatened by the tracks of tropical
cyclones or the releases of seismic energy. The GAR Atlas then becomes a vehicle
for showing how the planet is far from static but dynamic and very much alive.

While the cartography in the printed atlas provides basic disaster risk metrics,
using the GAR Atlas function on the GfT application enables you to access and
explore much more detailed risk information for each country and territory.
This includes a detailed risk profile, including the absolute and relative Annual
Average Loss (AAL), a Loss Exceedance Curve (LEC) and, where available, data
on historical disaster losses. Furthermore, additional information is provided on
Average Annual Mortality for earthquakes, financing gaps as well as on the social,
economic and environmental drivers of risk and resilience.
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Furthermore, in each country, you can explore a range of case studies from the
GAR series and beyond. The Earth Diary provides the latest news published
on Prevention Web, “serving the information needs of the disaster reduction
community”.

Other augmented reality features in the GAR Atlas include hydro-meteorological,
geological and anthropogenic data, which is brought together in an easy-
to compare or “mash-up” format. As such the GAR Atlas provides not only
interactive risk scenarios; it is sufficiently data-rich that the user can explore
and create scenarios on their own, searching by time, place, risk driver, hazard,
disaster event profile, and more.

Users of the GfT application may also explore the same data on a new media
platform ; « ARTe » (the AR Tangible-earth system on normal analogue globes)
through which we present the content of Gft in a brand-new way.

The new version of the GfT application also uses the latest technology
for “speech recognition (SR)”. It understands and carries out instructions
and will also read information such as case studies for you. For example,
simply press the button “SR”, and say “What’s new in Fiji” and press it
back. Of course you can select any country or major cities you want,
using this sentence: “What’s new in ...”. In addition, the latest real-
time disaster alerts are available on the GfT application through the
GDACS “Global Disaster Alert and Coordination System.

GfT is fun, educational, and empowering.

*Limited numbers of ATRe (real 3D globes) will be available from UNISDR




The Global Assessment Report on Disaster Risk Reduction (GAR) Atlas includes enhanced content. Augmented reality (AR) icons link the report to
its companion application, GAR for Tangible Earth (GfT), and provide the reader with additional information and multimedia content.

To use these features, first point the camera on your GfT-installed tablet or smartphone at the desired icon, then press the AR button when it
appears. A variety of dynamic information functions designed to enrich the reading experience will then play on your device.
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Forewords

Forewords

The GAR Atlas: Unveiling Global Disaster Risk is being published by UNISDR two
years after UN Member States agreed on an ambitious set of actions and targets
to reduce disaster losses significantly, in the shape of the Sendai Framework
for Disaster Risk Reduction. In 2015 too, the 2030 Agenda for Sustainable
Development was adopted. It recognises that disaster risk reduction is essential
to ending poverty and fostering sustainable development and well-being
for all. The GAR Atlas provides a set of tools and practices to achieve these
goals based on the strong evidence presented in the series of United Nations
Global Assessment Reports on Disaster Risk Reduction, and on an increasingly
sophisticated understanding of disaster risk.

As the world gears up to implement fully the Sendai Framework, the results of
the UNISDR-led Global Risk Model are more important than ever. They show
clearly that, across the globe, countries have to concern themselves with
potential losses from disasters, and that disaster losses are disproportionately
higher in resource-strapped poorer countries. Countries and regions which
can least afford reduced financial and human capacity to invest in resilience
continue to lose the most.

This is not news. And yet, true understanding of the scale and patterns of risk
associated with key hazards such as earthquakes, tsunamis, floods, tropical
cyclones, droughts and heatwaves remains limited. At UNISDR, we are committed
to increasing this understanding as a vital step towards achieving effective
disaster risk management. The German poet Goethe’s insight that “you only see
what you know” applies here. We hope that making disaster risk visible, in the
form of this unique set of global and regional maps, will be a significant step in
the right direction.

Robert Glasser
Special Representative of the Secretary-General for Disaster Risk Reduction,
Head, United Nations Office for Disaster Risk Reduction (UNISDR)

March 2017



Forewords

It was not until the sixteenth century that we had the first world map with
recognizable continents and oceans. Over the next four hundred years, as
coastlines and lakes were surveyed with increasing accuracy, as satellite
observations replaced trigonometric surveys, we discovered new metrics to be
plotted, giving us global maps of topography and geology; maps of temperatures,
rainfall, sunshine, and wind speeds; maps of climate zones, vegetation types,
human settlements, and energy usage - and more.

Riskis real. Although we cannotreadily seerisk, we can measure it by understanding
how the probability of damaging winds, floods, or shaking compounds with the
exposure of settlements and livelihoods and lives. Using vulnerability functions
that link the hazard to the damage, we can calculate and map risk.

Thanks to the work of the UNISDR, we have the first global map of the potential
for harm to the built environment from a range of sources, including earthquake
shaking, tsunami, volcanic eruption, wind, and flood. This map is measured using
a constant metric of percentage loss of value at consistent levels of probability,
which makes it possible to compare the impact of a cyclone in Bangladesh to an
earthquake in Peru or understand the risk cost of a tsunami with that of a storm
surge, just to name a few.

To be most useful, we do not just want to know the risk at a single location, but
how risk correlates across multiple locations that can be impacted in the same
disaster. This is what was achieved in the catastrophe modeling revolution of
the late 1980s, leading to data-rich models and software tools that are used
by insurers and (re)insurers worldwide. Now, these same capabilities are being
made available to countries and cities in order for them to manage and reduce
their catastrophe risks. Extending the use of catastrophe models to all countries
at risk is a key step in using these models to identify the benefits of alternative
policies around risk reduction.

We know that catastrophe losses in any one country, and even worldwide, are too
volatile to be able to measure progress by comparing one decade with another.
Instead we will need to measure progress through employing catastrophe
models, in the same way that insurers use risk models to measure the price of risk.
The UNISDR’s accomplishment in delivering a global multi-hazard perspective
of catastrophe risk is to be commended. This is an important milestone in
developing a safer world.

Robert Muir-Wood
Chief Research Officer, RMS

March 2017
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For nearly two centuries Willis Towers Watson has been arranging protection of
people and property from natural disasters. Over the last decade we have worked
with the United Nations Office for Disaster Reduction to expand the awareness
and resilience of communities and assets to these growing threats and we are
delighted to support the production of this ground breaking global risk atlas and
the unique team and capabilities that lay behind it.

What gets measured can get managed and the UNISDR is to be congratulated for
taking the methods, metrics and models that have transformed the capability of
the reinsurance industry to better understand these risks and applying them to
serve awider community. The creation of this globally consistent and comparable
risk assessment across a wide range of perils is a remarkable achievement of
data access, integration and visualisation. These knowledge facilities will help
governments, companies and NGOs save millions of lives and livelihoods, and
billions of dollars, in the decades ahead and one day we hope and expect that
people will look back and say these maps helped change the world.

Rowan Douglas, CBE, FRGS

CEO Capital, Science & Policy Practice
Willis Towers Watson

Chairman, Willis Research Network

March 2017
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Section 1: Introduction

l ) l The GAR Atlas

On the 2 February 2017, the United Nations General
Assembly adopted a set of indicators to measure
progress against the seven Global Targets of the
Sendai Framework for Disaster Risk Reduction 2015-
2030 (Sendai Framework)'.

The outcome indicators associated with Targets A -
D' now provide for the first time a way of measuring
whether disaster loss and damage has actually been
reduced by 2030. Importantly, and again for the
first time, the same indicators have been adopted
to monitor progress against relevant targets of the
Sustainable Development Goals (SDGs).

Under the Hyogo Framework for Action'®, which
guided international action until 2015, significant
progress was made in improving preparedness
and response to disasters and in strengthening
the institutional capacities, policy and legislative
frameworks and strategies to do so. Over much of
the same period, however, global disaster loss and
damage continued to increase (Figure 1.1)*. Assuch,
if the Outcome and Goal of the Sendai Framework
and its Global Targets are to be achieved, countries
will need to transform their approach to managing
disaster risk".

The Hyogo Framework was predominantly
concerned with managing disasters. Only one of
its four Priorities for Action (Priority for Action 4)
focused on addressing underlying risk drivers.
In contrast, the Sendai Framework is primarily a
framework for managing disaster risk. It therefore
represents a change in perspective: from managing
disasters towards managing underlying risk.

The reduction of poverty, the improvement
and access to health and education for all, the
achievement of sustainable and equitable economic
growth and the protection of the health of the planet
depend on the management of disaster risk in the
day-to-day development decisions of governments,
companies, investors, civil society organisations,
households and individuals. Strengthened disaster
risk reduction, therefore, is essential to make
development sustainable.

Priority for Action 1 of the Sendai Framework
deals with understanding risk. Given that all
development decisions, whether they are related
to capital investment, social expenditure or
environmental protection, have the potential to
either reduce or increase risk, understanding the
risk and trade-offs inherent in each activity is
fundamental to both disaster risk reduction and
sustainable development. Risk metrics are critical
to inform and to identify the costs, benefits and
trade-offs implicit in each decision. In particular,
this is critical to the first aspect of the Goal of the
Sendai Framework, which calls for the prevention
of new disaster risk.

The GAR Atlas contributes to improving our
understanding of risk and provides a powerful
rationale for pursuing development pathways that
prevent the creation of new risk, reduce existing risk
and strengthen resilience.

The GAR Atlas presents the output of a Global Risk
Model (GRM) that can estimate the disaster risk
associated with different kinds of hazard faced
by national economies throughout the world.
The model uses a state-of-the-art probabilistic
approach analogous to that applied by the
catastrophe modelling and insurance industry over
recent decades. This model has been developed
by a consortium of leading scientific and technical
organisations, under the coordination of UNISDR.
Initial results from the model have already been
previewed in GAR13 and GAR15",

The GAR Atlas displays the risk associated with
earthquakes, tsunamis, riverine flooding, cyclonic
winds and storm surge with a global level of
observation and a national level of resolution.
By using the same methodology, arithmetic
and exposure model to calculate the risk for all
these hazards, the GAR Atlas provides globally
comparable multi-hazard risk metrics and enables
comparisons of risk levels between countries and
regions and across hazard types. For example, the
values associated with earthquake risk in Indonesia
and flood risk in Colombia, and their relevance
for national economies, can now be compared
because they have been calculated using the same
methodological framework.

Figure 1.1 Conflicting evidence on progress: gradual progress across the Hyogo Framework’s Priorities for Action (left) but increasing physical damage (right).
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In this way, the GAR Atlas facilitates a better
understanding of the global risk landscape, enabling
the estimation of the order of magnitude of probable
lossesin each country, and taking into account the risk
contributions from different hazards. The GAR Atlas is
thefirst of its kind that is non-proprietary, completely
open and with multi-hazard global coverage.

The GAR Atlas thus enables governments, the private
sector, the international community and indeed
anyone concerned with development to access risk
metrics that up to now have generally only been
available to the insurance and reinsurance industry.
This fills a major gap in understanding risk. Most
probabilistic risk assessments have been developed
commercially for the insurance industry and cover
risk from specific hazards, mainly in higher-income
countries. However, they are rarely accessible and
are based on proprietary models. While more and
more public-domain risk models are now being
developed, the use of different methodologies and
datasets makes comparison difficult. By providing
afirst level risk assessment for all countries, the GAR
Atlas offers a framework for filling in what are still
blank spaces on a world map of risk.

By making global patterns of disaster risk explicit, by
facilitating access to risk metrics and by exploring
the interactions between risk and development,
it is hoped that the GAR Atlas will contribute to
the implementation of the Sendai Framework and
the SDGs and will stimulate the creation of a new
generation of risk models at more detailed scales
and in all countries of the world"".

Figure 1.2 Anaximander’s world map from the 6th Century BCE*

l ° 2 Maps that change the world

Quantum physicist David Bohm proposed that
meaning, along with energy and matter, is intrinsic to
reality. For Bohm, the act of interpreting the universe
is at the same time an act of creation™.

In 15t century Florence, artists such as Masolino
da Panicale and Brunelleschi first established
the principles of linear perspective, an innovative
approach to representing three-dimensional space.
The adoption of linear perspective, however, not
only changed the representation and interpretation
of space: ultimately it radically transformed the
perception of both time and space. Whereas
medieval artists appeared immersed in the universe
they represented, the fixed viewpoint of linear
perspective art had the effect of separating subject
and object and of externalising and objectifying
space and time. Given that perceptions of space and
time are encoded in all socialand economic practices
and relations*, the invention of linear perspective
played a critical role in the construction of space in
the centuries that followed.

Similarly, when 2" century Alexandrian scientist
Ptolemy depicted a spherical earth on a two-
dimensional map using parallels of latitude and
meridians of longitude he introduced a new way
of representing geographic space, which had a
similarly incisive influence on how space was

Figure 1.3 Atlas Major of 1634

occupied and transformed.

In the 6% century BCE, Anaximander (Figure 1.2)
had already highlighted the relationship between
distinct continents, seas and oceans and a vision
of the inhabited world as a two-dimensional disc.
But it was Ptolemy’s mathematical grid that really
revolutionised cartography, first in the medieval
Islamic world and later in Renaissance Europe.

In 1154, Muhammad al-Idrisi produced the Tabula
Rogeriana, which for the next three centuries was
to remain the most accurate map of the world. The
Tabula Rogeriana used Ptolemy’s mathematical
grid to divide the inhabited world into seven climate
zones, each of which were further divided into ten
sections or fractions. The geography of each of these
sections was described in detail in Ibn Khaldun’s
monumental Al-Mugaddimah in the 14 century.

Afusion between Ptolemy’s principles of cartography
and the Florentine principles of linear perspective
then enabled Renaissance mapmakers to accurately
fix the location of any place in the world, as well as its
distance and direction to any other place, through a
system of unchanging coordinates. By the time the
Atlas Major was published in 1634 (Figure 1.3) most
of the world, as we know it today, had already been
accurately represented in maps.

These cartographicinnovations, taken together with
the invention of the chronometer in the 18" century,
objectified and externalised time and space so
that it could be observed, mapped, measured and
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analysed in a seemingly scientific and factual way.
This new vision of space and time also underpinned,
facilitated and permeated dramatic transformations
of the world’s social, economic, territorial and
environmental landscape.

Maps, therefore, have the power not only to interpret,
but to transform and create the landscape. Maps,
indeed, can change the world.

1.3

Legendary Jamaican sound engineer and producer
Lee Perry once stated that dub versions are the
X-ray of a song*. By subverting and disrupting both
the song as object and the artist as subject, hidden
musical veins, that were only implicit in the original
songs, came to the surface and flowed through
swirling, spacious dubscapes.

The hidden veins of
disaster risk

Achange of focus from managing disasters as events
to managing the underlying processes that create
risk requires a similar process of deconstruction and
reassembly, one that makes explicit and visible the
hidden veins of disaster risk.

Whether in the media, research or policy discourse,
disasters often continue to be characterised as
unexpected, unforeseeable, overwhelming and
fundamentally exogenous events. Over the years
this objectification of disasters as decontextualised
events and as externalities has been gradually
codified into increasingly structured disaster
management organisations and systems .

There is a growing consensus, however, now
reflected in the Sendai Framework, that disaster
risk is endogenous to a range of underlying social,
economic, territorial and environmental processes
and drivers and is constructed and accumulated
over time. Disaster risk is normally described as
a compound variable, constructed through the
relationships between three other variables: hazard,
exposure and vulnerability.

In turn, hazard, exposure and vulnerability are
also dependent variables. Hazard, for instance, is
a complex expression of probability that is built
from both socially constructed as well as physical
variables. Exposure is a reflection of how social
relations of production unfold in territory and
geography, concentrating people and assets in
certain locations. Vulnerability, or the susceptibility

12 Sectionl

Box 1.1 Basic definitions

-~

of hazard, exposure, vulnerability and capacity.

human assets located in hazard-prone areas.

impacts of hazards.

Source: United Nations, 2016

United Nations, 2016

Disaster Risk: The potential loss of life, injury, destroyed or damaged assets which could occur to a
system, society or a community in a specific period of time, determined probabilistically as a function

Hazard: A process, phenomenon or human activity that may cause loss of life, injury or other health
impacts, property damage, social and economic disruption or environmental degradation.
Exposure: The situation of people, infrastructure, housing, production capacities and other tangible

Vulnerability: The conditions determined by physical, social, economic and environmental factors or
processes, which increase the susceptibility of an individual, a community, assets or systems to the

Underlying disaster risk drivers: Processes or conditions, often development-related, that influence
the level of disaster risk by increasing levels of exposure and vulnerability or reducing capacity.

Itis recommended that these definitions are read together with their annotations in the report.

to damage of certain structures due to certain
hazards, is likewise configured through a range of
social, economic, political and cultural conditions.

From that perspective, disasters in any given
time and place are a result of multiple causes and
conditions; crystallisations of realised risk, when
whatare often implicit processes of risk accumulation
suddenly become manifest. Risk, similarly, has no
independent existence butis a value that represents
the interdependence of multiple social, economic,
environmental and territorial relationships and
interactions occurring over different spatial and
temporal scales. This is a view coherent with both
Nagarjuna’s concept of interdependent origination
as well as with Alexander von Humboldt’s invention
of nature*.

l ° I Chance would be a fine thing

The genius of writer Graham Greene was his capacity
to be able to distil the whole experience of the tropics
into the smell of one rotten guava*'. In the same
way, a probabilistic risk metric presented in the GAR
Atlas, the Annual Average Loss (AAL), condenses in
a single number the multiple interdependencies
and complexities that configure disaster risk into a
single numerical value. Visualising those values in

UNISDR terminoiogy

a cartographic form is a way of making explicit the
hidden veins of disaster risk. Only when disaster risk
can be made visible and can be measured can it be
properly managed.

The concept of probability is rooted in the Latin
word probare. The etymology of the term suggests a
double meaning: one aspect of it refers to a view into
the future, while the other oneis aninterpretation of
the past, one is concerned with opinions, the other
with what we actually know*"ii.

The mathematical study of probability, as the
likelihood of an event occurring, has its origins not
in disaster risk modelling, but in the rather more
Dionysian pursuit of gambling. Gambling, and the
stakes and chances involved in it, has occupied
human minds for millennia. The term hazard itself
is derived from al zahr - the Arabic word for dice.
The first scientific treatises on probability date back
to the reflections of Blaise Pascal and Pierre de
Fermat in the 17" century, eventually giving birth to
systematic probability analysis*.

The basic premise of probability analysis is that more
things might happen in the future than actually will
happen. Examining disaster risk from a probabilistic
perspective therefore mixes future possibilities
with present realities. The possibilities refer, in this
case, to the hazardous events, which could happen,
although their characteristics in terms of location,
timing, duration and intensity are unknown. Realities



refer to the present conditions of exposure and
vulnerability within which hazardous events occur.

Probabilistic disaster risk assessment was first
introduced by the insurance industry following
Hurricane Andrew in Florida in 1992, which at the
time was the most destructive hurricane in the
history of the United States of America, with total
damage exceeding USD 15.5 billion*™.

Until then, premiums for catastrophe insurance
were generally calculated using traditional actuarial
approaches that made use of projections of historical
patterns of disaster loss and damage. Hurricane
Andrew highlighted, with lamentable consequences
for the insurance industry, the limitations of that
approach. The possibility that a hurricane like
Andrew might occur had not been priced into
insurance premiums in South Florida. As a result
more than 930,000 policyholders lost coverage after
11 insurance companies went bankrupt.

While historical losses can explain the past, they do
not necessarily provide a good guide to the future.
Catalogues of observed and recorded hazardous
events are generally incomplete, while very severe
events may only occur over return periods that are
longer than historical records. For example, even if
a full century of historical data exists on extreme
flooding and drought eventsin a country, any model
derived from that data would not be able to forecast

Figure 1.4 The small sample size of hazard events records

the previous extremes that had occurred over the
past 1,000 years (Figure 1.4). As such, most disasters
that could happen have not happened yet.

After Hurricane Andrew, the increasing availability of
computation power and capacity made it possible
for the first time to process the large volumes of
data necessary to model hazard, exposure and
vulnerability, ushering in the era of probabilistic
disaster risk modelling, or catastrophe modelling as
itis known in the insurance industry.

Probabilistic models simulate those future disasters
which, based on scientific evidence, could possibly
occur, reproducing the physics of the phenomena
and recreating the intensity of a large number of
synthetic hazardous events. In doing so, they provide
amore complete picture of the full spectrum of future
potential losses than is possible with only historical
data. The scientific data and knowledge used is still
incomplete, meaning that all models have a degree
of inherent uncertainty. However, provided that
this uncertainty is recognised, probabilistic models
can provide much better guidance on the likely
order of magnitude of probable losses compared to
projections from historical data.

In these models, probability refers to the likely
frequency of occurrence or the return period of
losses associated with certain hazards. The concept
of return period is often misunderstood. If a loss has

a500-year return period, this does not mean that the
loss only occurs every 500 years, nor does it mean
that if the loss occurred today, it would not recur
for another 500 years. Rather it means that the loss
occurs once every 500 years on average. For example,
if four extreme losses occur in the space of a century
followed by nineteen centuries without such extreme
losses, the return period would still be 500 years.

The main output of probabilistic risk models is the
loss exceedance curve (LEC), which relates different
loss values with their exceedance rates, usually
expressed in years. From the LEC several risk metrics
can be derived.

The Average Annual Loss (AAL) is a compact metric
with a low sensitivity to uncertainty. It corresponds
to the expected average loss per year considering all
the events that could occur over a long time frame,
including very intensive losses over long return
periods. When normalised by exposed value or
capital stock it is known as the pure risk premium in
theinsurance industry. The Probable Maximum Loss
(PML) represents the maximum loss that could be
expected within a given return period. For example,
the PML can be used to determine the size of reserves
that governments or insurance companies should
have available to buffer losses.

Box 1.2 Highlights the different stages of probabilistic
risk modelling used in the Global Risk Model.

4 1\
Long-Term Record Sample Size
.
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Source: UNISDR, 2015a



Box 1.2 Assessingrisk using a fully probabilistic approach

-
The objective of a fully probabilistic risk assessment is to estimate the probability of occurrence of future losses associated with different hazards for given portfolios
of vulnerable and exposed assets.
The required input data are:
Hazard: Generation of a simulated event set for each hazard.
Figure 1.5 Simulated events.
The hazard input data is obtained by developing
comprehensive sets of simulated events accounting for all
the possible manifestations of each hazard and providing
information about the geographical distribution of the
hazard intensities and their frequency of occurrence.
Event1-Frequency 1 Event N - Frequency N
Event2 - Frequency 2 Event 4 - Frequency 4
Source: Cardona et al. 2015 IEE S = AR ey
Figure 1.6 Example of exposure information.
Exposure: Assembly of a database with an
accurate representation and characterisation
of the assets exposed and susceptible to
damage due to the occurrence of at least one
of the considered hazards.
In the GAR Atlas, public and private buildings
located inurban and rural areas globally were
mapped at 5x5km resolution level inland and
1x1km resolution level in coastal areas.
T runisia
Source: UNISDR Earth at night Distribution of exposure database entries in Europe
-
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Each 5x5km (or 1x1km in coastal locations) pixel contains information about the distribution of building classes, their structural characteristics, use and value.

Source: UNISDR

Figure 1.7 Example of exposure characterization.

Share of building classes

Exposed value

Number of occupants

Vulnerability: Development, for each building class and for each hazard, of vulnerability models that provides relationships between hazard intensities and expected losses
in a continuous, qualitative and probabilistic manner.

Figure 1.8 Example of vulnerability functions for different building classes and different hazards. Adapted from Cardona et al. 2015
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Probabilistic risk assessment: the convolution between the hazard and vulnerability inputs.

The associated damage and loss for each asset included in the exposure database is then calculated for each eventincluded in the stochastic sets. The distribution of probable
future losses is then obtained from the exceedance rates for each loss value, enabling the definition of a loss exceedance curve (LEC) and the derivation of risk metrics such
as Average Annual Loss (AAL) as shown in Figure 1.10 and Probable Maximum Loss (PML) for each country.

Probabilistic Risk assessment

Figure 1.9 Combination between the hazard, exposure and vulnerability inputs
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Box 1.2 Assessing risk using a fully probabilistic approach

~

Figure 1.10 Global multi-hazard AAL relative to capital stock

AAL per Million USD
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l ) 5 The GAR Global Risk Model

In the GAR Global Risk Model (GRM), probabilistic
hazard models have been developed for five major
hazards: earthquakes, tropical cyclone winds
and storm surge, tsunamis and riverine flooding
worldwide. In addition, proof of concept models
have been developed for volcanic ash fallin the Asia-
Pacific region, and for the impact of climate change
on hurricane wind hazard in the Caribbean.

A global exposure model has been developed at
a 1x1km resolution along coastlines and 5x5km
elsewhere, with information on the structural
characteristics, use and the value of the building
stock exposed to hazardous events. Appropriate
vulnerability functions have been selected on the
basis of expert knowledge in each region.

The open-source multi-hazard risk platform
CAPRAXi was specially enhanced for the GRM and
has been used to calculate risk. A more detailed
technical description of the modelling process is
provided in Section 5 of the GAR Atlas.

By covering most of the principal hazards that
affect the built environmentin all world regions, the
GRM provides a first cut estimate of global disaster
economic risk. However, these estimates are still
very conservative. Other hazards, such as drought,
have not yet been assessed globally, meaning that
risk to the agriculture sector (including livestock,
forestry and fisheries) is not represented in the

risk metrics. It is planned to address risk in the
agricultural sector in the next phase of the GRM,
which will allow for a more complete assessment
of global disaster risk.

Similarly, the approach taken allows estimations of
direct economic loss, understood as the monetary
value of total or partial destruction of physical assets
existing in the affected area™". As the metrics do
not include indirect economic loss, the estimates
are again very conservative. For example, in the
2010 Haiti earthquake and the 2014 Serbia floods,
direct economic loss in the built environment only
represented 47 per cent and 31 per cent respectively
of total losses™".

Similarly, the risk estimates provided by the GRM
do not include extensive risk, associated with large
number of localised, low-severity but frequently
occurring events and which cannot be modeled
probabilistically at the global level. In some
countries, extensive risk may represent a significant
proportion of the AAL. As discussed in Section 4 of
the GAR Atlas, extensive risk can be most effectively
estimated using empirical approaches based on
national disaster loss and damage records. As of
March 2017, only around 90 countries have such
records, which means that a global estimate of
extensive risk is currently not yet possible.

In order to monitor progress against the Global
Targets of the Sendai Framework it is expected that
many more countries will collect this data in the
coming years and that its coverage and quality will
be improved. This should allow the integration of
extensive risk into the GRM.

i. UNISDR 2015a
nited Nations 2016

UNISDR 2005

iv. UNISDR 2009, 2011,2013, 2015b
v. UNISDR 2015a

vi. UNISDR 2015a

vii. UNISDR 2013, 2015b

viii. The metrics provided by the GAR Atlas have already been used ina num-
ber of applications. For example: Disaster Risk Indicators for the Americas
(CIMNE and INGENIAR, 2015), INFORM (IASC and European Commission,
2015), ThinkHazard (GFDRR, 2016), Disaster risk integrated operational risk
model (The Economist Intelligent Unit, 2016), Unbreakable : Building the
Resilience of the Poor in the Face of Natural Disasters (Hallegate et al. 2017),
Salgado-Galvez (2016a)

ix. Bohm and Peat 1987
x. Harvey 1989

xi. http://www.atlasandboots.com/maps-that-changed-our-world-view/
and http://www.smithsonianmag.com/history/the-waldseemuller-map-
charting-the-new-world-148815355/?no-ist=&page=2
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xv. Wulf 2015

Xvi. Garcia Marquez 1984
xvii. Bernstein 1996

xviii. Bernstein 1996

Xix. AIR 2002

xx. McChristian 2012

Xi. UNISDR 2013
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xxiv. United Nations 2016
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As a global model, the GRM models risk at a relatively
coarse grain resolution. As such, the risk metrics
presented in the GAR Atlas are designed to identify
broad patterns of risk and their development
implications rather than to inform development
decisions at the local level. While the resolution of
the GRM can be increased to focus in on specific
areas, this leads to commensurate increases in the
uncertainty of the results.

However, as highlighted in Section 4 of the GAR
Atlas, the GRM can provide a global framework for
the development of more detailed risk models, using
a similar methodology and higher-resolution data.
Even with this limitation, and again as highlighted
in Section 4, the GRM has proved capable of
generating credible event scenarios in the same
order of magnitude as reported losses in the case of
a number of recent disasters.

From that perspective, the GAR Atlas can be
considered an Atlas Major of global disaster risk. Our
currentunderstanding of the global distribution and
attributes of disaster risk are probably analogous
to a 16% century world map. As better data and
advanced modelling techniques come on stream,
risk metrics will gradually become more accurate
and currently unexplored facets of global risk will
become visible. In the interim, the GAR Atlas gives us
asense of the overall scale, distribution and patterns
of disaster risk, with a global level of observation
and a national level of resolution. As in the case of
early world maps, it is hoped that the GAR Atlas will
encourage risk-explorers to find new pathways and
map new geographies of risk.



Section 2

The world of disaster risk

This Section of the GAR Atlas illustrates how direct
disaster economic loss in the built environment is
distributed across countries and territories.

Box 2.1 Basic definitions

Direct economic loss: the impact of total or
partial destruction of physical assets existing
in the affected area. Direct economic loss is
nearly equivalent to physical damage.

Source: United Nations 2016.

Itis recommended that these definitions are read together with
their annotations in the report of the open-ended intergovern-
mental expert working group on indicators and terminology
relating to disaster risk reduction

Two different risk metrics are used: absolute risk,
represented by Annual Average Loss (AAL), and
relative risk, represented by the AAL as a percentage
of the value of capital stock. Risk maps are presented
for the world and for each region for both metrics
and for specific hazards: earthquake, riverine flood,
cyclonic wind and storm surge, and tsunami hazard.

The AAL is the average amount that each country
could expect to lose each year over the long term. It
is one of the metrics that provides basic information
for national planning, economic forecasts, budgeting
and accounting when dealing with disaster risk.

The multi-hazard global AAL amounts to USD 293
billion'. This is equivalent to the GDP of relatively
small, but strong economies such as Singapore
or Denmark. It is higher than the value of social
expenditure in South Asia and Sub-Saharan Africa
combined, or of the value of public investment in
Italy.

Globally, the distribution of AAL reflects the value
and vulnerability of the assets concentrated on
cyclone- or tsunami-prone coastlines, along seismic
fault lines or in flood-prone river basins. In absolute

terms, global AAL is concentrated in large, higher-
income, hazard-exposed economies, such as Japan
and the United States of America. Inthese countries,
although overall physical vulnerability is relatively
low, the exposed value is very high, which in turn
leads to high absolute risk values.

The global AAL has been calculated with respect
to the total value of a country’s commercial and
residential buildings, schools and hospitals.
However, the capital stock figures used in the
calculation also include the value of infrastructure
such as roads, telecommunications and water
supply. Given that in highly-developed economies
these figures reflect the density of high-value
infrastructure (underground railways, airports,
expressways, etc.) it is likely that the estimated
AAL figures for some of these economies may be
higher than could be inferred from only the value of
residential and non-residential buildings.

In contrast, in some low- and middle-income
countries, the estimated AAL may be closer to the
overall value of capital stock, given the lower density
of high value infrastructure. As mentioned in Section
1, the estimated AAL values do not include an
estimation of extensive risk, which may be significant
in these countries.

When the AAL is expressed relative to the value
of capital stock, global risk is distributed in a very
different way. In general, the value of exposed
capital stock is usually significantly less in lower-
income countries compared to higher-income
countries. However, its vulnerability is often
significantly higher, which translates into higher
relative risk.

In the case of small island developing states (SIDS)
in all income geographies, normally a very high
proportion of their capital stock may be exposed.
This again translates into very high levels of relative
risk, even though absolute risk may be very small,
from a global perspective.

Large and diversified economies are more likely to
be resilient to even high absolute AAL values given
that these values represent only a very small share
of their capital stock. However, in countries like
Japan, where both absolute and relative AAL are
high, economic viability depends on continued and
major investments in disaster risk reduction.

Fast-growing economies are likely to be able to cope
with high levels of relative AAL better than stagnant
or sluggish economies, as losses could be quickly
replaced by new capital investment. However, unless
this new investment is risk-informed it could actually
drive future increases in risk. In the latter case, as
countries would struggle to make new capital
investments, disasters may set back development
for years or even decades. Thus in both kinds of
economy, high levels of AAL may compromise the
ability to achieve sustainable development.

In order to provide insight into the construction
of risk, additional information is provided for the
ten countries with highest risk globally and the
five countries with highest risk in each region with
respect to four underlying risk drivers: income level,
social progress, environmental performance, and
the rate of urban growth.

Correlations between these drivers and absolute or
relative AAL can only beinferred in very general terms.
Today’s disaster risk is the result of decisions and
actions taken in the social, economic, environmental
and governance context of the past. Similarly,
decisions and actions in today’s context will influence
the direction of future risk but are not necessarily
reflected in present risk values.




Map 2.1 Global absolute AAL associated with earthquakes
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Table 2.1 Top 10 Absolute AAL associated with earthquakes
Top 10 Country Environmental Social Urbanization
Earthquake or Income group Performance Index | Performance Index growth
absolute AAL Territory (EPI) 0-100 (SPI) 0-100 (per cent)
Japan High income
ynited Statesof | High income 84.72 84.62 021
Italy High income 84.48 82.49 0.19
China Upper middle income 65.10 62.10 2.44
Greece High income 85.81 78.27 0.44 SOUTHERN OCEAN
Iran PP
(Islamic Republic of) Upper middle income 66.32 59.45 0.76
Peru Upper middle income 72.95 70.09 0.44
Colombia Upper middle income 75.93 70.84 0.37
Taiwan,
Province of China D
Chile High income 77.67 82.12 0.21
Source: World Bank 2016, Hsu et al. 2016, Stern et al. 2016, United Nations 2015a
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Map 2.2 Global AAL associated with earthquakes relative to capital stock
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Peru Upper middle income 72.95 70.09 0.44
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Barbuda (SIDS) High income 62.55 -1.97
Ecuador Upper middle income 66.58 69.56 0.33

World Bank 2016, Hsu et al. 2016, Stern et al. 2016, United Nations 2015a
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Map 2.3 Global absolute AAL associated with tsunami
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Table 2.3 Top 10 Absolute AAL associated with tsunami
Top 10 Country Environmental Social Urbanization
Tsunami or Income group Performance Index | Performance Index growth
absolute AAL Territory (EPI) 0-100 (SPI) 0-100 (per cent)
Japan High income 80.59 86.54 0.65.
ynited Statesof | piigh income 84.72 84.62 021
Hong Kong Special
Reganarcin | g Income
China Upper middle income 65.10 62.10 2.44 SOUTHERN OCEAN
Australia High income 87.22 89.13 0.15
Indonesia Lower middle income 65.85 6227 147
Philippines Lower middle income 73.70 65.92 -0.39
New Zealand High income 88.00 88.45 0.03
India Lower middle income 53.58 53.92 114
Provinée of China 7488
Source: World Bank 2016, Hsu et al. 2016, Stern et al. 2016, United Nations 2015a
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Map 2.4 Global AAL associated with tsunami relative to capital stock

AAL per USD 1 million
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Map 2.5 Global absolute AAL associated with tropical cyclones (wind and storm surge)
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Table 2.5 Top 10 Absolute AAL associated with tropical cyclones

Top 10
Tropical
cyclones

absolute AAL

Urbanization
growth
(per cent)

Social
Performance Index
(SPI) 0-100

Environmental
Performance Index
(EPI) 0-100

Country
or Income group
Territory

Ynited Statesof | High income 84.72 84.62 021
merica

Japan High income 80.59 86.54 0.65
Republic of Korea | Low income 70.61 80.92 0.13
Philippines Lower middle income 73.70 65.92 -0.39

. . SOUTHERN OCEAN

China Upper middle income 65.10 62.10 2.44
Taiwan,

Province of China 74.88

Puerto Rico (SIDS) | High income -0.05
fsalg;““ (The) High income 69.34 0.08
India Lower middle income 53.58 53.92 114
Australia High income 87.22 89.13 0.15

Source: World Bank 2016, Hsu et al. 2016, Stern et al. 2016, United Nations 2015a
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Map 2.6 Global AAL associated with tropical cyclones (wind and storm surge) relative to capital stock

AAL per USD 1 million
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Table 2.6 Top 10 Relative AAL associated with tropical cyclones

Top 10
Tropical
cyclones

relative AAL

Environmental Social Urbanization
Income group Performance Index | Performance Index growth
Territory (EPI) 0-100 (SPI) 0-100 (per cent)

Country
or

fsalgas"““ (The) High income 69.34 0.08
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Antigua and s
Barbuda (sips) | Highincome 6255 197

SOUTHERN OCEAN
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Dominica (SIDS) | Upper middle income 73.25 0.42
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Source: World Bank 2016, Hsu et al. 2016, Stern et al. 2016, United Nations 2015a
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Map 2.7 Global absolute AAL associated with riverine floods
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Table 2.7 Top 10 Absolute AAL associated with riverine floods

Top 10 Country Environmental Social Urbanization
Floods or Incomegroup | Performance Index | Performance Index growth
absolute AAL | Territory (EPI) 0- 100 (SPI) 0- 100 (per cent)

China Upper middle income

India Lower middle income

United States of

e High income 84.72 84.62 0.21

Russi ok
il High income 8352 64.19 0.09

Brazil Upper middle income

Australia High income

France High income 88.20 84.79 0.30
Japan High income 80.59 86.54 0.65
Bangladesh Low income 41.77 52.73 2.36
Thailand Upper middle income 69.54 67.43 2.67

Source: World Bank 2016, Hsu et al. 2016, Stern et al. 2016, United Nations 2015a

32 Section 2: The world of disaster risk



-0

60°E

=

SOUTHERN OCEAN




Map 2.8 Global AAL associated with riverine floods relative to capital stock
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Table 2.8 Top 10 Relative AAL associated with riverine floos

Top 10 Country Environmental Social Urbanization
Floods or Incomegroup | Performance Index | Performance Index growth
relative AAL Territory (EP1) 0-100 (SPI) 0-100 (per cent)

Myanmar Low income

Lao People's
Democratic Lower middle income 50.29 52.54 3.07
Republic (The)

Cambodia Low income

Belize (SIDS) Upper middle income

Bangladesh Low income

Suriname (SIDS) | Upper middle income

Viet Nam Lower middle income

Guyana (SIDS) Lower middle income

Bhutan Lower middle income 64.99 2.10

French Guiana 035

Source: World Bank 2016, Hsu et al. 2016, Stern et al. 2016, United Nations 2015a
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Map 2.9 Global absolute multi-hazard AAL
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Haiti Guyana O Maldives
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Table 2.9 Top 10 Global absolute multi-hazard AAL
Top 10 Country Environmental Social Urbanization
Multihazard or Income group Performance Index | Performance Index growth
absolute AAL Territory (EPI) 0-100 (SP1) 0-100 (per cent)
Japan High income 80.59 86.54 0.65
United Statesof | High income 84.72 84.62 021
China Upper middle income 65.10 62.10 2.44
Italy High income 84.48 82.49 0.19
o . SOUTHERN OCEAN
Republic of Korea | Low income 70.61 80.92 0.13
India Lower middle income 53.58 53.92 114
Philippines Lower middle income 73.70 65.92 -0.39
Taiwan,
Province of China [a
Greece High income 85.81 78.27 0.44
Puerto Rico (SIDS) | High income -0.05
Source: World Bank 2016, Hsu et al. 2016, Stern et al. 2016, United Nations 2015a
120°W 60° W
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Map 2.10 Global multi-hazard AAL relative to capital stock
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Table 2.10 Top 10 Global relative multi-hazard AAL
Top 10 Country Environmental Social Urbanization
Multihazard or Income group Performance Index | Performance Index growth
relative AAL Territory (EPI) 0-100 (SPI) 0-100 (per cent)
Montserrat
(SIDS) -0.26
:’;Igz’)““ (The) | High income 69.34 0.08
Coymantsiands | gh income
Antigua and ioh i .
Barbuda (SIDS) High income 62.55 1.97 SOUTHERN OCEAN
Dominica (SIDS) | Upper middle income 73.25 0.42
United States P
virgin slands (sips) | Highincome 0.16
Anguilla (SIDS)
::gsfaled""ia High income 0.85
Guadeloupe
(SIDS)
Tonga (SIDS) Upper middle income 66.86 0.27
Source: World Bank 2016, Hsu et al. 2016, Stern et al. 2016, United Nations 2015a
120°W 60° W
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Map 2.11 Multi-hazard AAL relative to capital stock - East Asia and the Pacific
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Table 2.11 Top 5 Relative "
1
I
op o o o o : 1] -
AA 0 PI) 0-100 PI) 0- 100 p —_— F 120°W
[\lselv[;:s?aledoqia High income ?.'85
Tonga(siDS) | Uppermiddieincome  esss | oot
Vanuatu (SIDS) ' Lower middle income 57.'{4 121 o tre
Palau (SIDS) Upper middle income s 0.87 i-‘au fic
Philippines Lower middle income 73.70 65.92 -0.39
Source: World Bank 2016, Hsu et al. 2016, Stern et al. 2016, United Nations 2015a ‘ 150°W T 60°S 120°W ' /’/
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Map 2.12 Multi-hazard AAL relative to capital stock - Europe and Central Asia
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Table2.12 Top 5 Relative multi-hazard AAL - Eu

r — =
Top5 Country Environmental Social Urbanization [
Multihazard r Incomegroup | Performance Index | Performance Index growth

relative AAL Territory (EPI) 0-100 (SPI) 0-100 (per cent)

Low income 73.05 58.78 - 020

1 Tajikistan

2 Kyrgyzstan Lower middle income 73.13 62.91 0.23

Greece High income 85.81 78.27 0.44

Georgia Lower middle income 64.96 69.17 0.29

Serbia Upper middle income 78.67 71.55 0.12

Source: World Bank 2016, Hsu et al. 2016, Stern et al. 2016, United Nations 2015a 90°E
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Map 2.13 Multi-hazard AAL relative to capital stock - Latin America and the Caribbean
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Source: World Bank 2016, Hsu et al. 2016, Stern et al. 2016, United Nations 2015a : ‘so'w 30°W
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Map 2.14 Multi-hazard AAL relative to capital stock - Middle East and North Africa
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Table 2.14 Top 5 Relative mullt;

n
Top5 Country Environmental Social Urbanization : F (S )
Multihazard r Income group Performance Index | Performance Index growth B y
relative AAL Territory (EP1) 0-100 (SPI) 0-100 (per cent)

1 Iraq Upper middle income 63.97 52.28 0.13

2 ::salzmic Republic of) | UPPer @niddle income 66.32 59.45 0.76

Algeria Upper middle income 70.28 61.18 0.93

i{:: :epublic Lower middle income 66.91 0.70

5 Yemen Lower middle income 49.79 41.76 173

Source: World Bank 2016, Hsu et al. 2016, Stern et al. 2016, United Nations 2015a 30°F

43



Map 2.15 Multi-hazard AAL relative to capital stock - North America
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1 Bermuda (SIDS) High income
United States of PR
2 R High income
3 Canada High income
Source: World Bank 2016, Hsu et al. 2016, Stern et al. 2016, United Nations 2015a 90°W
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Map 2.16 Multi-hazard AAL relative to capital stock - South Asia
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Table2.16 Top 5 Relative

Top5 Country Environmental Social Urbanization
Multihazard or Income group Performance Index | Performance Index growth
relative AAL Territory (EPI) 0-100 (SPI) 0-100 (per cent)
1 Bangladesh Low income 41.77 52.73 2.36
2 Bhutan Lower middle income 64.99 2.10 S =
3 Afghanistan Low income 37.50 35.89 157 "
4 Nepal Low income 50.21 57.40 2.03
5 Pakistan Lower middle income 51.42 49.13 115
Source: World Bank 2016, Hsu et al. 2016, Stern et al. 2016, United Nations 2015a 90°F

45



Map 2.17 Multi-hazard AAL relative to capital stock - Sub Saharan Africa
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Table 2.17 Top 5 Rel

N

Top5 Country Environmental Social Urbanization
Multihazard or Incomegroup | Performance Index | Performance Index growth
relative AAL |  Territory (EPI) 0- 100 (SP1) 0-100 (per cent)

| - MAURITIU

Madagascar Low income 37.10

45.91 1.90

Mayotte REUNION

Somalia

Low income

Malawi Low income 53.44

Mozambique Low income 41.82

47.96 0.80

Source: World Bank 2016, Hsu et al:2016, Stern etal. 2016, United Nations 2015a SOUTH AFRICA

i. A change in the way flood hazard was modelled (stochastic event set
instead of 6 return periods) led to the change in the global flood AAL and
therefore, the results presented herein update the previous figure (USD 314
billion).

30°E
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Section 3

Disaster risk implications for
social and economic development

3 o l Fiscal resilience challenged

Governments do not have unlimited financial
resources available to absorb disaster losses,
recover and rebuild. Fiscal resilience can therefore
be expressed as the ratio between the resources
available for loss financing and the expected
magnitude of direct disaster loss for any chosen
return period. When the available resources exceed
the expected loss, the country could be considered
to be fiscally resilient, at least for loss events with
certain return periods. If the expected loss exceeds
the available resources, then a financing gap would
exist. As such, while a country may be resilient to a
1-in-10-year loss event, it may experience a financing
gap for any event above 1-in-20 years. Measuring
fiscal resilience is therefore essential to understand
how and under what circumstances disaster risk
can extrapolate into broader risk for the financial
stability of a country.

The Global Risk Model (GRM) facilitates a first order
stress test of fiscal resilience by comparing the
Probable Maximum Loss (PML) of different return
periods with the financial resources available to
deal with those losses. The financial resourcesin the
analyses are those domestic and external resources
that the country would have access to for response,
recovery and relief, as of 2014. These resources
are divided into ex-ante (reserve funds, sovereign
insurance and catastrophe bonds) and ex-post
(budget reallocation capacity, foreign reserves,
domestic bonds and credit, multilateral borrowing,
international borrowing and aid) disbursement of
resources' .

A first approach to stress testing fiscal resilience is
to identify the return period for disaster loss beyond
which a financing gap would exist. For example, the
PML for a 20-year return period in the United States
of America is estimated at USD 121 billion. However,

the resources available for loss financing are around
USD 391 billion. No resource gap, therefore, exists. In
contrast, in Madagascar the PML for a 20-year return
period is estimated at USD 900 million. However, the
resources available for loss financing are only around
USD 168 million, meaning that a significant financing
gap would exist. In Madagascar, a financing gap exists
for all losses with return periods higher than five
years. Thisimplies that Madagascar would experience
afinancing gap on average every five years'.

Map 3.1 analyses the fiscal resilience of 180 countries
and territories and shows the return periods beyond
which afinancing gap would exist. Around half would
experience a financing gap for losses below a 100-
year return period. Fifty-six countries and territories
would not experience a financing gap at all, while 32
could experience a financing gap for losses below a
10-year return period, thus highlighting extremely
low fiscal resilience.

Given that fiscal resilience is calculated using direct
disaster losses, these estimates are likely to be
conservative, given the often considerable magnitude
of indirect losses. It is not yet possible to estimate
indirect losses with a global model such as the GRM.
However, the analysis presented here offers a first cut
estimate, which can stimulate the development of
more detailed national-level studies that can account
forindirect losses. At the same time, clearly the fiscal
health of a country can change rapidly, meaning that
the analysis should be updated on a regular basis.

A second approach to stress testing fiscal resilience
is to examine the likely size of the financing gap
for a loss with a 100-year return period. Map 3.2
shows that 93 countries and territories would have
a financing gap for this level of loss. Twenty-seven
would have a financing gap higher than USD 1 billion,
while 10 would have a gap between USD 500 million
and 1 billion. Forty-one countries and territories
would have a gap between USD 100 - 500 million
and the remaining 15 a gap smaller than USD 100
million™.




Map 3.1 Return period of PML beyond which countries and territories would experience a financing gap
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Map 3.2 Countries facing a financing gap for a 100 year return period loss
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3 2 Assessing the impact of
° disaster mortality ) 120°W L ew

The GRM also allows the estimation of Annual
Average Mortality (AAM) using the same probabilistic
methods used to calculate economic loss. At present,
AAM has been calculated globally for earthquakes'.

Global AAM for earthquakes is currently estimated
to be around 13,000 deaths. Map 3.3 shows the
distribution of global AAM, underscoring how high
levels of mortality risk characterise not only middle-
income countries like Colombia and Pakistan but
also high-income countries like Italy and Japan.

Map 3.4 shows the distribution of earthquake
AAM relative to the size of a country’s population.
Unsurprisingly, it highlights a very different
distribution compared to the absolute AAM, with
high levels of relative risk in small-countries,
particularly in small island developing states (SIDS)
and in middle-income countries, particularly in Latin
America.

The concept of life years lost provides another
metric to express how disaster risk affects social
and economic development'. The concept of
human life years provides a better representation of
disasterimpact, since it can be used as a metric that,
combined with other macroeconomic indicators,
provides anidea about the time required to produce
economic development and social progress. The loss
of human lifeyears, beit through disasters, disease or
accidents, is therefore a way of measuring setbacks
to social and economic development"'.

Table 3.1 Top 10 Average Annual Mortality

Top 10 - - Environmental Social Progress Urbanization
AAM Country or Territory Income level Population Performance Index, EPI Index, SPI growth
(0-100) (0-100) (per cent)
Japan High income 127,339,000 80.59 86.54 0.65
Colombia Upper middle income 48,321,400 75.93 70.84 0.37
Turkey Upper middle income 74,932,600 67.68 67.82 0.74
(‘{;O"Iff::; Republic of) Upper middle income 30,405,200 76.23 62.6 0.05
Peru Upper middle income 30,375,600 72.95 70.09 0.44
Indonesia Lower middle income 249,866,000 65.85 62.27 147
Philippines Lower middle income 98,393,600 3.7 65.92 -0.39
Pakistan Lower middle income 182,143,000 51.42 49.13 115
Ecuador Upper middle income 15,737,900 66.58 66.58 0.33
Haiti Low income 10,317,500 43.28 2.40
Source: World Bank 2016, Hsu et al. 2016, Stern et al. 2016, United Nations 2015a 120°W 60°W
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Map 3.3 Average Annual Mortality (AAM) associated with earthquakes.
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Map 3.4 Average Annual Mortality (AAM) associated with earthquakes relative to population size
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Previously, the loss of human life years has been
estimated retrospectively using historical records"'.
For instance, between 1980 and 2012, more
than 1.3 billion life years were lost worldwide in
internationally reported disasters, making for an
annual average of 42 million life years lost.

The GRM has now been used to estimate life
years lost prospectively and probabilistically. An
estimation of the average number of fatalities due
to collapsed buildings during earthquakes has
been made for 101 countries. The estimated AAM

ARCTIC OCEAN

NORTH
PACIFIC
OCEAN

........................................... R MRRl--ccccooorggaaacoooa

SOUTH
PACIFiIC
OCEAN

combined with age distribution data and information
on life expectancy at birth allows the estimation
of the Average Annual Life Years Lost (AALYL). The
AALYL, combined with the GDP per capita, is then
used to estimate the average annual lost economic
production due to premature mortality because of
earthquakes. This metric describes how premature
mortality reduces the human life years available to
produce development outcomes such as economic
output and social progress, for example through the
creation of livelihoods and assets, and the provision
of services'ii.
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Map 3.5 Average annual number of life years lost (AALYL) associated with earthquake
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Map 3.5 shows the global distribution of Annual
Average Life Years Lost (AALYL) associated with
earthquakes. Globally, the number of total AALYL
associated with earthquakes is around 430,000.
The average annual number of life years lost is
particularly high in countries combining high
earthquake AAM and relatively high levels of life
expectancy. Countries as diverse as Indonesia,
Pakistan, Peru and Turkey all have AALYL values of
over 13,000™.

Map 3.6 shows the global distribution of annual
estimated lost economic production due to

ARCTIC OCEAN

earthquake AA|
of production has b
of USD 3.2 billion. Japa
an average of USD 1.4 billion,
such as Colombia and Venezuela al
USD 224 million and USD 191 million respectively*.

This metric provides insight into some of the indirect
economic losses associated with disaster risk. Even
in countries with very similar earthquake AAM, the
economic consequences may be quite different
given significant differences in GDP.

120°W 60°W
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Map 3.6 Average annual loss in economic production due to life years lost in earthquakes
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Holistic approach concept |
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A holistic approach to
understanding disaster risk
° and resilience

Disaster risk is socially constructed through a

range of underlying drivers, including poverty

and inequality, environmental degradation, badly :

planned and managed urban development, and

weak governance®. These drivers configure patterns L) . WOt

of hazard, exposure and vulnerability over time. [JAF/FI( . TH NAT.I(
5 OCEAN : OCEAN

As outlined in Section 1 of the GAR Atlas, the AAL :

provides ways to condense the interdependence

between a large variety of risk drivers into a single

numerical value that represents disaster risk in a

given country at a given time.

Current disaster risk is shaped by how a country : . |
has managed its risk drivers in the past. At the :
same time, how those drivers are managed in the
present will influence not only future risk but also the
impact that physical damage and direct economic
loss have on societies and economies. As shown in :
the previous sections, mapping fiscal resilienceand ... ... ....................................... L
life years lost illustrate specific pathways through
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which probabilistic disaster risk metrics can be used
to identify broader social and economic impact.
Building on previous work at the city and country
levels*i this section of the GAR Atlas examines, from a
more holistic perspective, how different risk drivers
can magnify the impact of disaster loss and damage
in different social and economic settings.

Fourteen variables were chosen as proxies for
different risk drivers in the social, economic and
environmental domains, and which together
condition a society’s resilience to disasters. These
were transformed, combined and integrated as a
coefficient that represents the likely magnification
and aggravation of disaster impact, taking as a
starting point the physical damage and direct
economic loss as expressed through the multi-
hazard AAL.

The global distribution of this risk- aggravating
coefficient is shown in Map 3.7. Map 3.8 shows the
distribution of total or holistic disaster resilience
when the relative multi-hazard AAL is processed with
the risk- aggravating coefficient?.

This vision represents a broader picture of disaster
resilience, highlighting in particular the likely impact
of disaster risk in contexts with high social, economic
and environmental fragility. It also provides guidance
on which risk drivers will need to be addressed if
disaster risk is to be managed and reduced by 2030,
as per the Goal of the Sendai Framework.

Map 3.8 Global distribution of total or holistic disaster risk
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3 4 The implications for
) sustainable development

In order to achieve the promise of the 2030
Agenda for Sustainable Development, and more
specifically the Sustainable Development Goals
(SDGs)™, significant investment will be required
across all income and geographic regions. At the
same time, the capacity to make those investments
will be constrained by potential disaster losses.
Unfortunately, many countries have not identified
the hidden veins of disaster risk that flow through
their economies. Even fewer have measured that risk
by using probabilistic techniques. And only a handful
have successfully integrated risk metrics into social
and economic planning.

In particular, in order to make progress across
a range of SDGs, many countries will have to
strengthen capital investment in infrastructure with
proper building standards and in social expenditure
thatimproves access to health, education and social

Map 3.9 Multi-hazard AAL as a percentage of Gross Fixed Capital Formation (GFCF)
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Map 3.10 Multi-hazard AAL as a percentage of social expenditure (SE)
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“““ e Map 3.10 shows the global distribution of multi-
hazard AAL as a proportion of 2014 social
expenditure. As in the case of capital investment,
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Map 3.11 Global distribution of disaster risk constraints on the potential for sustainable development
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Small island developing states (SIDS) are
disproportionately at risk*, given that disasters may
affect 100per cent of their economies, populations
and physical assets. Figure 3.1 highlights that
disaster risk in many SIDS represents a significant
proportion of their capital stock, capital investment
and social expenditure, meaning that risk becomes
an existential threat to their future development.

Map 3.11 shows the global distribution of a
coefficient that integrates the relative weight of
disaster risk with respect to four development
metrics: capital stock, capital investment, social
expenditure and national savings. This coefficient
represents the overall constraint posed by disaster
risk on their potential for sustainable development.
Where risk represents a high proportion of these
metrics, the country is likely to be more constrained
in achieving the SDGs. These figures show that
countries with very different levels of multi-hazard

AAL have similar constraints on their potential for
sustainable development.

i. IDEA 2005 Williges et al. 2015

ii. Williges et al. 2015
Williges et al. 2015

iv. Cardonaetal. 2015

v. Noy 2014,2015, UNISDR 2015b
vi. UNISDR2015b

vii. UNISDR 2015b, Noy 2014, 2015
viii. Salgado-Galvezetal. 2016a
ix. Salgado-Galvez 2016b

x. Salgado-Galvez 2016b

xi. UNISDR 2009, 2011, 2013, 2015b

Carrefio et al. 2007, Marulanda et al. 2013, Salgado-Galvez et al. 2016b
IDEA 2005

xiv. Cardona 2001

xv. United Nations 2015b

xvi. UNISDR 2013, 2015b

Figure 3.1 Disaster risk implications on Small Islands Development States, SIDS
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Section 4

Applications of the Global Risk Model

Figure 4.1 Hazard intensity with and without climate change in selected cities of
Central America and the Caribbean
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4 l How climate change
) modifies disaster risk

Climate change is already modifying the frequency,
intensity and regularity of hazards such as flood,
cyclonic wind and storm surge and droughts. Long-
term trends, however, can often only be inferred
with a low level of confidence at this stage'. Changing
hazard patterns can also lead to increasing exposure
in some areas as well as increases in vulnerability, all
of which generate new risk.

While it is impossible to predict exactly how climate
change will modify disaster risk in the future, it is
possible to calculate risk scenarios on the basis of
climate models for specific regions. In other words,
instead of calculating risk with today’s hazards,
a future scenario is calculated with new hazard
parameters derived from a climate change model. By
maintaining the exposure and vulnerability constant
in the risk model, it is therefore possible to identify
by how much climate change could increase risk
levels under a given scenario.

Using the Global Risk Model, disaster risk associated
with cyclonic wind was calculated for the North
Atlantic basin. This involved comparing current risk
levels with the ones obtained after considering the
climate change scenario using the Nested Regional
Climate Model (NRCM) developed by the National
Center for Atmospheric Research of the United
States (NCAR).

Figure 4.1 illustrates how, under this climate change
scenario, hazard intensity associated with wind
velocity increase in selected capital cities, though
not in the same way".




Figure 4.2 shows that under this scenario climate
change would add around USD 1.4 billion to the
cyclonic wind AAL in the North Atlantic basin. This
increase in risk, however, is not evenly distributed.
Mexico, for example, would experience reduced
wind -related risk due to Caribbean hurricanes.

Figure 4.2 Comparison of cyclonic wind AAL with and without climate change
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Estimating the risk from
volcanic ash

4.2

Most active volcanoes are located along the
boundaries between tectonic plates'. Figure 4.3
shows the location of known active and inactive
volcanoeson land. Overall, there are 1,551 volcanoes
that have been active in the last 10,000 years.

Volcanoes are associated with a range of hazards,
including pyroclastic flows and surges, volcanic
ash and tephra, ballistics, lahars and floods, debris
avalanches, landslides and tsunamis, volcanic gases
and aerosols, lava flows, earthquakes and lightning.
Each of these hazards can affect people, the built

Figure 4.3 Location of active and inactive volcanoes in the world

environment, agriculture, transportation and other
sectors in very different ways.

The Global Risk Model has been used to estimate
the risk associated with volcanic ash fall in the Asia-
Pacific region as a proof of concept”. By using the
same approach as for other hazards calculated
globally, it enables volcanic ash risk to be included
in national risk metrics such as AAL and PML. The
results show that, given the infrequency of volcanic
eruptions, the volcanic ash AAL is generally lower
than that associated with other hazards. However,
in some countries the PML can be very significant.

Map 4.1 and Map 4.2 show the AAL from volcanic
ash fall in absolute values and as a share of the
capital stock for the Asia-Pacific region. The

combined AAL for the 16 countries studied is USD
18 billion, mainly concentrated in Japan, Indonesia
and the Philippines as shown in Table 4.1. However,
in some countries, such as Indonesia and Vanuatu,
the relative AAL represents 0.2 per cent and 0.1
per cent of the value of capital stock, which is not
insignificant. Similarly, it represents 12 per cent of
the value of social expenditure in Indonesia and 7
per cent in the Philippines.
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Map 4.1 Absolute AAL associated with volcanic ash fall - Asia Pacific Region

Million USD 60°E 90°E  120°E  150°E 180° _ 150°W 1200W
© Nodata ; =t =
Yo : = i
® 0-10 .
© 11-100 : L -
© 101-500
o o
~ 501-1,00 : :
. " &
@ 1,001-2, 12000
[ J
[}
[} I
&
o
Equator
ANS
AN
RENCH
OLYNESIA
‘]
]
Table 4.1 Absolute AAl
d AA azard AA 5
o o o o o o olcano |l
on USD on USD
. s Ll )
donesia 3,289.39 9,218.69 1
apa 59,636.52 70,885.53 — F 1200w
and 745.66 808.66 '
Papua Ne ea 162.00 175.70
Philippine 7,853.92 8,411.52
R ederatio 4,458.19 4,545.69
Province o a B 7,169.52 7172.22
66.58 69.78
Source: Cardona et al..2015 ‘ 150°W N 60°S 120°W

74  Section 4: Applications of the Global Risk Model



Map 4.2 AAL associated with volcanic ash fall relative to capital stock - Asia Pacific Region
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Table 4.2 Relative AAL

Multi-Hazard AAL Multi-Hazard AAL
Country or Territory without Volcano ash fall ith Volcano ash fall
per million USD per million USD

Indonesia 1,163.22 3,259.99

Japan 1,519.20 1,805.76

New Zealand 1,097.03

1,189.72

120°W

Papua New Guinea 3,445.50

3,736.87

Philippines 13,852.96 14,836.47

Russian Federation 704.76 718.60

Solomon Islands 11,750.47 11,777.54

Taiwan, Province of China 4,266.56 4,268.16

Vanuatu 23,697.24 24,836.19

Source: Cardona et al. 2015 . 150°W » 60°S 1200W
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| ] 3 Modelling extensive risk

The GRM models the risk associated with major
hazards such as earthquakes, tsunamis, tropical
cyclones and riverine floods. As discussed in Section
1, probabilistic models enable the estimation of
the intensive risk associated with low frequency,
high severity loss events in a way that cannot be
adequately captured from historical data.

However, in many countries a significant proportion
of disaster risk is associated with high frequency,
low severity loss events, associated with localised
hazards such as flash floods, landslides, storms and
wildfires. This extensive risk cannot be captured at
the global scale using probabilistic models, given
the highly idiosyncratic nature of the hazards
involved.

There has been little interest in modelling extensive
risk given that it poses little threat to the insolvency
of insurance companies. And for many governments
it is a largely invisible risk, given that it mainly
affects the lives and livelihoods of low-income rural
and urban households' and small and medium
enterprises" rather than strategic infrastructure
and large businesses. However, making extensive
risk visible is critical to the achievement of the SDGs.

Given the high frequency of losses, extensive risk can
be modeled using historical records from national
disaster loss databases to generate an empirical loss
exceedance curve (LEC)i.,

The historical LEC for extensive risk can then be
combined with an analytical LEC for intensive risk
produced by the GRM to create a hybrid LEC that
covers the full spectrum of risk. In general, the
historical LEC tends to better represent small and
frequent losses at one end of the curve while the
analytical LEC better represents the extreme and
infrequent economic losses at the other end"ii.

The hybrid LEC therefore provides AAL and PML
metrics that offer a more complete risk profile,
enabling governments to adopt appropriate disaster
risk management strategies for all risk layers.

Figure 4.4 highlights two hybrid LEC for Venezuela
and Lao PDR respectively. As of March 2017 around
ninety countries have developed national disaster
loss databases™. With the adoption by the UN
General Assembly of the indicators to measure
progress towards the Global Targets of the Sendai
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Box 4.1 Intensive and extensive disaster risk definitions

Ve

Intensive disaster risk

Extensive disaster risk

associated with highly localised hazards.

Source: United Nations, 2016

United Nations, 2016

The risk of high-severity, mid- to low-frequency disasters, mainly associated with major hazards.

The risk of low-severity, high-frequency hazardous events and disasters, mainly but not exclusively

Itis recommended that these definitions are read together with their annotations in the report.

Figure 4.4 Hybrid loss exceedance curves (LEC) for Venezuela (top) and Lao PDR (bottom)
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Framework, it is expected that most countries will
have this data in place by 2020. This would enable
the development of hybrid LEC at the global scale and
a more complete representation of risk in the GRM.

° Local level applications

The Global Risk Model calculates a first level order
of magnitude of disaster risk in different countries
and regions. However, the same methodology can
be used at the local level to provide higher resolution
risk metrics, which in turn can be used to inform
appropriate disaster risk management measures.

4.4.1 volcanic risk in Narifio, Colombia

A local assessment of disaster risk associated with
the Galeras volcano, located approximately 10
kilometres west of the city of Pasto in the Department
of Narifio, Colombia revealed an AAL of USD 130,000
in the area surrounding the volcano*.

Volcanic hazard was calculated in relation to the
intensity of ash fall, pyroclastic and lava flows*.
Figure 4.5 highlights the hazard associated with
pyroclastic flows around the volcano.

Figure 4.6 Average annual loss associated with ash fall in Galeras volcano region: absolute value (left) and relative to the exposed value (right)

Figure 4.5 Pyroclastic flows hazard map for Galeras Volcano
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In the case of pyroclastic and lava flows, building
vulnerability can be described as binary, given that
if the building is affected itis likely to suffer complete
loss. In contrast, the loss associated with volcanic
ash fall depends on the structure of the building and
the strength of the roof.

inthe Galeras Volcano

The risk assessment was performed for the
municipalities close to the volcano. Figure 4.6
shows the volcanic ash AAL in absolute terms and
relative to the exposed value.
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4.4.2 Earthquake risk in Lorca, Spain

On 11 May 2011, a moderate earthquake hit the
Murcia region of Spain, causing significant damage
in Lorca, a city of around 60,000 inhabitants.

After the earthquake, a risk assessment for Lorca
compared observed losses with those modelled
using a similar event in terms of magnitude,
location, depth and ground acceleration*". Figure
4.7 highlights the distribution of the modeled
losses, which totalled EUR 615 million. This was
of the same order of magnitude as the observed
insured losses. which totalled EUR 490 million.

The example of Lorca highlights that local-level
risk models can provide robust estimations of
expected losses associated with specific scenarios.
Even though the timing and location of future
hazardous events cannot be determined, this
can enable local planners and decision-makers
to estimate the likely damages and assess the
costs and benefits of disaster risk management
strategies, including insurance or retrofitting
buildings.i

Figure 4.7 Modeled distribution of damage in Lorca

Estimating risk scenarios
using the Global Risk Model

4.5

As highlighted in section 4.2, local-level risk
assessments provide the granularity required to inform
disaster risk management strategies in cities and in
other local administrative areas. However, in many
parts of the world, particularly in low- and middle-
income countries, the data infrastructure necessary
to produce high-resolution models may not exist.

Simulations developed with the GRM show that
despite its coarse grain resolution, it is possible to
generate credible risk scenarios in these blank areas
on the world map of risk and where modelled losses
are within the order of magnitude of observed
losses. Naturally there are always differences
between the observed and modelled losses of
particular events, given the idiosyncrasy of each
disaster. However, as the following case studies
show, in regions where local-level risk assessment
is not possible, the GRM can be used to provide a
robust first-level vision of risk.
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The 2015 Nepal Earthquake .

4.5.1 The April 2015 Nepal earthquake

The GRM was used to estimate direct economic
losses and fatalities following the April 2015 Nepal
earthquake*". Taking the characteristics of the
earthquake», five different hazard scenarios*!
based on previous seismic and risk assessments in
Nepal®’ and the GRM vulnerability functions and
exposure model (see Figure 4.8), estimates of both
direct economic loss and mortality were generated.
Theresults are not statistically significant given that
the modelled estimates are being compared with a
single observation. However, while mortality levels
were overestimated, direct economic loss was in the
same order of magnitude as the observed losses.

Mortality (limited to people inside buildings) was
estimated by the GRM to be between 17,397 and
80,084, depending on the hazard scenario chosen
and assuming a 60 per cent occupancy rate of
buildings. This represented an overestimation,
given that the observed mortality was reported as
8,857. Given that the earthquake occurred at 11:56
AM on a Saturday, many people, particularly in rural
areas, would have been outside their homes and
schools were closed. The 60 per cent occupancy rate,
therefore, is likely to have been an overestimation.

The direct economic loss was estimated at between
USD2.2and6.8billion, afigure that does not take into
account the value of the cultural heritage damaged
in the earthquake. This figure is much closer to
the observed direct economic losses estimated at
USD 10 billion by the Nepal Economic Forum»Viii,
a figure that includes the value of infrastructure
such as hydroelectric power stations, which is not
considered in the modelled estimates.

The August 2016 Amatrice,
Italy Earthquake

4.,5.2
The August 2016 Amatrice, Italy Earthquake

On 24 August 2016 at approximately 3:36 AM, a
magnitude 6.2 earthquake occurred in Italy. Following
the earthquake, the GRM was used to model both
mortality and economic loss, based on a similar
procedure to that employed in Nepal but with only
one hazard scenario™.



Figure 4.8 Exposed value in million USD in Nepal calculated using the exposure model of the GRM
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The modelled direct economic losses were estimated
at USD 3.3 billion, taking into account residential and
non-residential buildings, while the mortality inside
buildings was estimated at 241 people™.

The observed mortality was of 298 people, which
is in the same order of magnitude as the modelled
mortality. In the case of economic losses, those in
the property insurance market have been estimated
at around EUR 66 million®. However, the affected
region had earthquake insurance penetration as low
as 1 per cent by some estimates™. This implies that
the real direct economic loss, including uninsured
losses, may be in the same order of magnitude as the
modelled estimates.

Hurricane Matthew .

4.5.3

Estimating risk during an unfolding event:
Hurricane Matthew, October 2016

Hurricane Matthew formed on 28 September 2016
as a tropical storm over the island of St. Lucia in
the Caribbean. On 29 September it developed into
a hurricane of Category 1 on the Saffir-Simpson
scale, with a maximum wind speed of 92.6 km/h. On
1 October it reached Category 5 approximately 100
kilometers north of the Guajira Peninsulain Colombia,
with a maximum wind speed of 260 km/h. It affected
Haiti, Jamaica, Cuba, the Dominican Republic and
the Bahamas as well as Florida, Georgia, South and
North Carolina in the United States of America.

During the build-up of the hurricane the GRM was
used to forecast where potential losses could occur
asitmoved forward, Five different loss estimations
were produced at different points in time.

The first two estimations were produced on 4
October, when Matthew was approaching the east
coast of Cuba as a Category 4 hurricane. They were
based on two scenarios of the hurricane track
recorded to date and the forecast for the next five
days by the National Hurricane Center. Subsequent
estimations were produced on 7 October, when
Matthew was moving along the east coast of Florida
as a Category 3 hurricane, again based on National
Hurricane Center real and forecast tracks. The
last estimation was performed on 10 October for
Matthew’s real total track.

3 -



Figure 4.9 Modelled direct loss associated with Hurricane Matthew computed on
a) 4 October, b) 7 October and c) 10 October
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Figure 4.9 shows that economic losses along the
hurricane’s path and forecast were modelled at
USD 17 billion in the first estimate, USD 20 billion in
the second and USD 26 billion in the final estimate.
This compared with insured losses estimated at
between USD 1.5 and 5 billion in the United States
of America and between USD 1 and 3 billion in the
Caribbean®. These differences are significant.
However, if uninsured losses are accounted for,
particularly in the Caribbean, the total losses may
be closer to the modelled figures.
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Section 5

Probabilistic hazard and
risk assessment methodology

Givenits global scale and coarse grain resolution, the
GRM uses simplified hazard and exposure models,
developed and tested using a robust methodology
in the context of a fully probabilistic risk assessment.
The risk assessment process can be divided into four
steps: probabilistic hazard assessment, development
of exposure databases, development of damage and
loss (vulnerability) functions, and loss assessment.

Each specific hazard was represented by a set of
simulated events that provide information about all
the possible ways in which the hazard may manifest
in the region under analysis. This allowed for a
probabilistic representation of the hazard where
not only the expected value and the dispersion are
provided for the geographical distribution for each
hazard intensity (e.g. wind speed, acceleration,
water depth) but also the frequency of occurrence.

The development of the exposure databases required
two complementary stages: identification, followed
by characterisation of the exposed assets. The first
refers to the selection of the assets to be included
and their location, whereas the second refers to the
assigning of relevant parameters to these assets,
such as structural characteristics and economic
value. The structural characteristics assigned to each
assetincluded in the exposure database determined
the physical vulnerability.

Physical vulnerability relates the hazard intensities
with the expected damages and, therefore, losses of
the exposed elements. Vulnerability functions were
selected for each region, allowing for a quantitative,
continuous and probabilistic representation of
physical vulnerability by characterising the capacity
of each asset during the occurrence of hazardous
events. Aunique vulnerability function was assigned
to each structural class and for each hazard.

A convolution between hazard and vulnerability
(note that exposure is implicitly associated to the
latter) was performed. It was then expressed in
terms of the potential damages and losses on a set

of exposed elementsin a given period, resulting from
hazardous events with different intensities and origin
and the level of susceptibility to damage of those
elements to the hazard intensities (vulnerability).

5.1

5.1.1 probabilistic seismic hazard analysis

Probabilistic hazard
analysis

Firstly, the earth was divided in more than 400
seismic provinces (see Figure 5.1). Seismicity patterns
within each region are assumed to be uniform. The
recurrence frequencies were obtained for each of
those provinces by using instrumental data from
openly available databases (NEIC-USGS and ISC-
GEM), later classified as a function of their location
and depth. Seismicity parameters were estimated
using a smoothed seismicity approach'. Finally,

Figure 5.1 Seismic provinces

Source: Cardona et al. 2013, Ordaz et al. 2014b

a strong ground motion attenuation relationship
and a maximum magnitude were assigned to each
province.

The seismic hazard was calculated using the
CRISIS2014 programme’, a module of the CAPRA
Platform, which is a well-known, globally-accepted
tool for the seismic hazard calculation. The output
was a set of more than 1.1 million simulated
earthquakes. Results were obtained for a range of
different heights of buildings in order to take into
account the seismic performance of buildings with
different characteristics in the risk assessment stage.
The probabilistic integration of the hazard intensities
associated with these simulated events, together
with their frequency of occurrence, then allowed
the development of seismic hazard maps (Maps 5.1
- 5.7),

A more detailed description on the seismic hazard
modelling methodology can be found in Cardona et
al. (2014, 2015).




Map 5.1 Global seismic hazard (0.5s 475 years return period)
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Map 5.2 Seismic hazard-East Asia and the Pacific (0.5s 475 years Return period)
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Map 5.3 Seismic hazard-Europe and Central Asia (0.5s 475 years Return period)
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Map 5.4 Seismic hazard-Latin America and the Caribbean (0.5s 475 years Return period)
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Map 5.5 Seismic hazard-Middle East and North Africa (0.5s 475 years Return period)
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Map 5.6 Seismic hazard- North America (0.5s 475 years Return period)
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Map 5.7 Seismic hazard- South Asia (0.5s 475 years Return period)
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Map 5.8 Seismic hazard- Sub-Saharan Africa (0.5s 475 years Return period)
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5.1.2 Probabilistic tsunami hazard analysis

For the probabilistic tsunami hazard analysis,
different tsunami sources were defined as shown
in Figure 5.2 based on the definition of openly-
available subduction zones. Each source was
divided into smaller sub-faults for which seafloor
deformations were calculated. For each source,
a synthetic earthquake catalogue of events was
generated for magnitudes higher than 7.85. For each
earthquake event in the catalogue, the tsunami was
propagated from the source to each entry of the
exposure database, estimating the maximum water

level. The maximum water level was defined based
on the sum of the waves from all the individual sub-
faults involved in the event. Finally, the tsunami
waveforms were synthesized for any slip distribution
by summing the individual sub-fault tsunami
waveforms (weighted by their slip).

The probabilistic integration of the hazard intensities
(run-up height) associated with these events
together with their occurrence frequency enabled
the development of tsunami hazard maps.

Figure 5.2 Subduction zones considered in the probabilistic tsunami hazard analysis

More details about the tsunami hazard analysis
methodology can be found in NGI - Norwegian
Geotechnical Institute and GA - Geoscience
Australia (2014) and Lavholt et al. 2015.
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Map 5.9 Global tsunami hazard (Run-up height 475 years return period)
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Map 5.10 Tsunami hazard-East Asia and the Pacific (Run-up height 475 years return period)
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Map 5.11 Tsunami hazard-Europe and Central Asia (Run-up height 475 years return period)
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Map 5.12 Tsunami hazard-Latin America and The Caribbean (Run-up height 475 years return period)
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Map 5.13 Tsunami hazard-Middle East and North Africa (Run-up height 475 years return period)
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Map 5.14 Tsunami hazard-North America (Run-up height 475 years return period)
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Map 5.15 Tsunami hazard-South Asia (Run-up height 475 years return period)
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Map 5.16 Tsunami hazard-Sub-Saharan Africa(Run-up height 475 years return period)
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5.1.3 Probabilistic tropical cyclonic wind and storm surge hazard analysis

The probabilistic cyclonic wind and storm surge
hazards analysis is based on the historical frequency
of occurrence and intensity of tropical cyclones in
different oceanic basins. This data was obtained
from the IBTrACS database", whereas parameters
such as the surface roughness, topographic effects
and bathymetry, also considered in the hazard
modelling, were obtained from the most complete
and openly available international databases". For
wind hazard modelling, the first two parameters
are considered given that they significantly modify
the wind speed at local level, while for storm surge
hazard modelling, the parameters were topographic
effects and bathymetry.

From each historical cyclone track, artificial
disturbances were generated to create 100 “child
tracks”. Each point on the child track has the
same central pressure and sustained wind speed
as its original historical track, assuming that the
cyclone’s main characteristics remain unaltered.
Using the hazard intensities for each of the child
tracks, the expected value and the dispersion for
the geographical distribution of the wind speed are
obtained for each simulated event.

In the case of storm surge modelling, a mean sea
level was assumed for each shore location for all the
child tracks. The total run-up height at each shore
location as a consequence of strong winds and lower
atmospheric pressure was modelled by considering

the wind-forced run-up height and the barometric
run-up. Astronomic tides were not considered in the
analysis, given the global nature of the assessment.
The wind and storm surge hazard was calculated
using the Tropical Cyclones Hazard Model
programme", the cyclonic hazard module of the
CAPRA Platform, which uses a widely-accepted
approach. The output of the assessment was a set
of 2,594 simulated events for five different oceanic
basins (Northeast Pacific, Northwest Pacific, South
Pacific, North Indian, South Indian and North
Atlantic) which were later used for the probabilistic
wind and storm surge risk assessment.

The probabilistic integration of the hazard intensities
associated with these events, together with their
occurrence frequency, was used to develop cyclonic
hazard maps. The results are expressed in terms of
the geographical distribution of the sustained wind
speed of three-second gusts (the average wind speed
measured over an interval of three seconds), for
strong winds, and for storm surge, as the distribution
along the shorelines of the maximum surge run-up
and its associated flooding. Tropical cyclone hazard
maps for Middle East and North Africa, and Europe
and Central Asia regions are not included since
hazard intensities are very low at those locations

Complete details on the probabilistic wind and storm

surge hazard methodology can be found in Cardona
etal. (2014, 2015).
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Map 5.17 Global tropical cyclonic wind hazard (wind speed 100 years return period)
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Map 5.18 Global tropical cyclones - storm surge hazard (Run-up height 100 years return period)
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Map 5.19 Cyclonic wind hazard East Asia and the Pacific (wind speed 100 years return period)
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Map 5.20 Tropical cyclones (Storm surge) hazard-East Asia and the Pacific (Run-up height 100 years return period)
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Map 5.21 Cyclonicwind hazard Latin America and the Caribbean (wind speed 100 years return period)
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Map 5.22 Tropical cyclones (Storm surge) hazard-Latin America and the Caribbean (Run-up height 100 years return period)
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Map 5.23 Cyclonic wind hazard North America (wind speed 100 years return period)
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Map 5.24 Tropical cyclones (Storm surge) hazard-North America (Run-up height 100 years return period)
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Map 5.25 Cyclonic wind hazard South Asia (wind speed 100 years return period)
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Map 5.26 Tropical cyclones (Storm surge) hazard-South Asia (Run-up height 100 years return period)
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Map 5.27 Cyclonic wind hazard Sub Saharan Africa (wind speed 100 years return period)
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Map 5.28 Tropical cyclones (Storm surge) hazard-Sub Saharan Africa (Run-up height 100 years return period)
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Map 5.29 Global riverine floods hazard (Water depth 50 years return period)
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5.1.4 Pprobabilistic riverine flooding hazard

For the riverine flood hazard modelling, the world’s
landmass was divided into water catchments. Small
and medium size catchments were filtered out. For
large catchments, which fit together like pieces of a
puzzle, stream flow series were required in order to
generate a statistic analysis of the peak flows and
their frequencies.

Parameters such as flood defences were modelled
using a simplified approach. Depending on the
country’s GDP and income level, the location of the
main cities, and the value of the estimated water
depths, defences designed for different return
periods were assumed to exist around areas of
high density of exposed value (i.e. the main cities).
Those defences were then assumed to fail for floods
exceeding their design return period.

Once the flows were defined. simplified hydraulic
analyses were performed to obtain water levels

maps

ARCTIC OCEAN

NORTH
PACIFIC
OCEAN

inside and outside the channel. Mapping those levels
at different locations provided the data to generate
simulated flood hazard events that account not only
for previous or historical floods, but also for those
that may have notyet occurred. A probabilistic flood
hazard analysis was performed for 143 countries and
territories, resulting in a large set of simulated events
with more than 30,000 flooding scenarios in some
countries. In all cases, the hazard was expressed
in terms of water depth. Despite the fact that this
model does not consider other important aspects
of flood modelling (meteorological conditions,
hydrological response, the existence of reservoirs
along the river, etc.), it is worth noting that it is a
model fit-for-purpose and rigorously developed for
the scale of the analysis.

Complete details on the probabilistic riverine
flooding hazard methodology can be found in Rudari
etal. (2014, 2015).
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Map 5.30 Riverine floods hazard-East Asia and The Pacific (Water depth 50 years return period)
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Map 5.31 Riverine floods hazard-Europe and Central Asia (Water depth 50 years return period)”
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Map 5.32 Riverine floods hazard-LA and The Caribbean (Water depth 50 years return period)
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Map 5.33 Riverine floods hazard-Middle East and North Africa (Water depth 50 years return period)
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Map 5.34 Riverine floods hazard-North America Water depth 50 years return period (Water depth 50 years return period)
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Map 5.35 Riverine floods hazard-South Asia (Water depth 50 years return period)
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Map 5.36 Riverine floods hazard-Sub-Saharan Africa (Water depth 50 years return period)
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Development of the Global
Exposure Database

5.2

The Global Exposure Database (GED) was developed
with the aim of accounting for the built environment.
The GED was developed using a top-down or
“downscaling” approach, as shown in Figure 5.3. A
spatial disaggregation of different data sources with
global coverage of information related to national
socio-economic indicators, building types and
capital stock was performed on a regular grid using
GIS data such as population distribution and proxies
based on GDP distribution models"'.

The GED was developed using a 5x5km level of
resolution (see Figure 5.4), with the exception of
the coastal areas, where the spatial resolution level
was set to 1x1km. Both levels of spatial distribution
use the same input indicators and information.
The difference between the 5x5km and 1xlkm
levels of resolution is that the latter provides
better information on the spatial distribution of the
exposed assets. The 5x5km level of spatial resolution
was chosen in order to balance aspects such as an
acceptable size, in order to capture the effects of
large scale hazards like earthquakes, floods and
cyclonic winds, consistency with the openly available
socio-economic datasets from national and/or
global sources, and to optimise computation time.
The 1x1km spatial distribution helped to capture
the effects of more localised hazards such as storm
surge and tsunami.

Figure 5.3 Top-down approach global exposure database

The main challenge in the development of the GED
was to have uniform information at all locations
so that risk results are consistent and comparable
among different countries. The GED has a coarse
grain resolution level butitis considered acceptable
and fully compatible with the resolution of the
hazard information and with the global purpose and
scope of the assessment.

More details on the development of the GED can be
found in De Bono and Chatenoux (2014).

5.3

Different sets of vulnerability functions were
developed to consider and capture regional
differences in construction practices. Expert groups
were convened to define different vulnerability
functions for Latin America, the Caribbean, Europe,
Asia and the Pacific".

Physical vulnerability of
exposed assets

Many factors influence the damage and loss of
exposed assets, including differences in construction
practices, the quality of the materials used, and
labour skills. For example, two neighboring and
identical looking buildings do not necessarily end
up with exactly the same damage and loss even
when subjected to the same hazard intensity levels.
Because of this, the damage ratio for each hazard
intensity does not correspond to a single value but

Figure 5.4 Example of the 5x5km GED.

Source: UNISDR

needs to be considered as a random variable that
accounts for the distribution of possible losses. In
other words, it is necessary to define each function
according to the expected value and a variance
measure of the mean damage ratio, as shown in
Figure 5.5.

The hazard intensities used in the vulnerability
functions are the same as those obtained in the
hazard analysis described above, such as spectral
ground accelerations for earthquakes, speed for
cyclonic wind, water depth in case of riverine
flooding, ash thickness for volcanic ash fall and run-
up height for storm surge and tsunami. Figures 5.6
and 5.7 provide a schematic explanation of seismic
and flooding vulnerability functions in order to show
the relationships between hazard intensities and
damage ratios.

Figure 5.5 Schematic explanation of a vulnerability function Adapted from Cardona et al. 2015
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Figure 5.6 Schematic representation of a seismic vulnerability function. Adapted from Cardona et al. 2015

Figure 5.7 Schematic representation of a flood vulnerability function. Adapted from Cardona et al. 2015
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For the GRM, physical risk was calculated with the
CAPRA Team RC+ programme, which is the updated
risk module of the CAPRA suite. The methodology™
follows a state-of-the-art procedure for risk
estimation and uses an event-based approach that
allows a fully probabilistic risk assessment, the
flowchartof whichisillustrated in Figure 5.8. For each
componentincluded in the exposure database which
has been grouped in a class of buildings with similar
structural, material and height characteristics,
damages and losses are estimated by convoluting
hazard and vulnerability. This is done repetitively
for each simulated event and for each considered
hazard.

The objective of the probabilistic risk assessment is
to obtain the losses that could feasibly occurin public
and private buildings located in urban and rural
areas of the 216 countries and territories included in
the exposure database. These losses are associated
with events such as earthquakes, tsunamis, cyclones
and riverine floods. A critical innovation of the GRM
is that they have been quantified by applying the
same methodology. The results across all hazards
and countries are therefore directly comparable.

The result obtained from the probabilistic risk
assessment is the Loss Exceedance Curve (LEC).
From it, different risk metrics can be obtained, such

as Probable Maximum Loss (PML), Average Annual
Loss (AAL) or Occurrence Exceedance Probability
(OEP).

Risk metrics provide relevant information that
helps paint a complete picture of risk, from a
specific hazard, for each country. Quantifying risk
provides decision-making support for disaster risk
management. Itis worth noting that the risk metrics
provide the probability of certain losses and not
the probability that a specific event will occur, and
the loss values must be understood as orders of
magnitude instead of exact values.

The LEC represents the annual exceedance rates of
different loss levels since it considers the associated
loss values associated with all simulated events of
the hazard, or hazards, evaluated. An example of an
LEC isshown in figure 5.9. Smaller losses have higher
annual exceedance rates, whereas higher losses are
related to lower annual exceedance rates. An LEC can
be obtained for each of the hazards considered (in
this example earthquakes, cyclonic wind and flood)
in the risk assessment, and after identifying any loss
value of interest, its corresponding exceedance rate
and/or mean return period can be read.

Another possible way to communicate risk results
is through exceedance probability curves. In this
case, the probabilities need to be associated with a
timeframe, meaning that the information in the plots
is the probability of exceeding a certain loss level
during the defined timeframe. Itis common practice
to set timeframes for one year so that occurrence
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exceedance probability (OEP) plots, such as that
shown in Figure 5.10, are obtained.

The mean return period of the loss corresponds
to the inverse value of the loss exceedance rate.
Mean return periods of 50, 100, 200 or 500 years
correspond to 0.02, 0.01, 0.005 and 0.002 annual
exceedance rates. Expressed in another way, the
annual exceedance probabilities are 2 per cent, 1
per cent, 0.5 per cent and 0,2 per cent respectively.
By rearranging the data in the LEC, the Probable
Maximum Loss (PML) plot can be obtained, as shown
in Figure 5.11. A PML provides information about
expected losses always associated with a specific
mean return period (e.g. 50, 100, 200 or 500 years)
and the losses associated to any mean return period
of interest can therefore be read directly from it.

Itisimportant to highlight that loss values associated
with an annual exceedance rate (or mean return
period if read from the PML plots) obtained for some
areas are not necessarily related to a single hazard
event but to the contribution of several events that
can equal or exceed a given loss level. Since spatial
correlation between losses caused by the same event
is accounted for in the risk assessment process, the
mean return period of the loss is not necessarily the
same as for one of the hazardous events.

The average annual loss (AAL) or expected annual
loss (EAL) is the mean value of all the expected losses
during a sufficiently long timeframe and provides an
annualised overview of the risk levels. The AAL is not
a value indicating that all future losses will cost the



Figure 5.8 Probabilistic disaster risk assessment flowchart. Adapted from Marulanda 2013
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same every year. Given that it is an average value, Figure 5.11 Example of PML plots for different hazards. Adapted from Ordaz 2000
losses may be lower in some years and higher in
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others. The AAL is a compact metric which accounts
for the potential occurrence of small, medium and $100,000
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Forthe purposes of comparison, itis common practice
to normalise the AAL and PML by exposed value or
capital stock. Thisis done in order to identify levels of
high relative risk. High absolute values may be caused
by low levels of damage in high value exposed assets.

Maps 2.1 to 2.45 in section 2 present the relative
multi-hazard AAL for the 216 countries and territories
as well as its disaggregation by hazard. The LEC,
OEP curve or PML plots are available through the
augmented reality function of the GAR Atlas using
the GAR for Tangible Earth application.

5.5

Many countries have a multi-hazard context. It is
therefore important to understand the potential
magnitude of losses from a range of hazards, not
justindividually butin a combined manner. While the
AAL can be calculated in a multi-hazard approach,
it is not as straightforward to do so for other risk
metrics such as the PML.

Aggregated multi-hazard
probable maximum losses

The AAL is a robust metric that offers a long-term
view of disaster risk in a country, but it does not
provide information about how often losses of

different scales occur. Comprehensive disaster risk
management requires an overview of the complete
spectrum of risk, as well as knowing where risk is
concentrated and the levels of contribution to
overall risk by anindividual hazard. This information
is usually included in the LEC and the probable
maximum loss plot of specific hazards. Presenting
this jointly for multiple hazards is extremely useful
for the development of disaster risk reduction plans
and the design of financial protection strategies.

In order to aggregate results for multi-hazard PML
assessments, a number of requirements need to be
met. These include the use of the same exposure
database for all hazards considered in the analysis
and the identification of hazards with simultaneous
occurrences (e.g. cyclonic wind and storm surge).
This information is not yet available at the global
level due to the lack of available homogeneous data.
Local and regional case studies can be developed,
however. As a pilot study, a multi-hazard estimation
of all relevant risk metrics, using the GRM, has been
developed successfully for a number of smallisland
developing states (SIDS) in the Caribbean.

The results provide a wider panorama of risk,
increasing the available information to stakeholders
and decision-makers in an area that is of high
relevance for countries that are exposed to more
than one natural hazard (Figure 5.13).

Figure 5.13 Multi-hazard loss exceedance curves for Grenada and Saint Lucia

In Grenada and Saint Lucia, larger though less
frequent losses are expected to occur due to
cyclonic activity, whereas the contribution of seismic
hazard to overall risk is reflected mainly in small
and recurrent events. And although tsunami risk is
significantly lower than other hazard-related risk, it
is not negligible.

Calculations of relevant risk metrics such as these,
using a multi-hazard approach, are expected to be
performed in the future for all countries covered
by the GRM. This would create another layer of
illustrative risk information, thereby increasing the
understanding of the distribution of risk.
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GAR Atlas Products

« The GAR Atlas contains risk indicators and hazard maps and further enhanced content
links which provide access to maps, videos, dynamic figures, photos, case studies and
country risk profiles for users with tablets.

« Tablet computer users can also enjoy the free GAR for Tangible Earth (GfT) application.
The GfT (or “gift) This includes a detailed risk profile, including the absolute and relative
Annual Average Loss (AAL), a Loss Exceedance Curve (LEC) and, where available, data
on historical disaster losses. Furthermore, additional information is provided on
Average Annual Mortality for earthquakes, financing gaps as well as on the social,
economic and environmental drivers of risk and resilience.

» GAR Atlas platform is also available in the web which allows access to hazard,
exposure and risk maps and to all the datasets (hazard, exposure, vulnerability) used in
the multi-hazard probabilistic risk assessment to obtain the different risk metrics.

+ GAR Atlas is also available as a web version, with much of the functionality available in
products such as:

« Interactive GAR Atlas (in English only)
« PDF of the GAR Atlas

« Background papers

+ Access to the GAR Atlas platform

« All GAR Atlas products can be accessed via:

www.preventionweb.net/gar/

2JUNISDR

United Nations Office for Disaster Risk Reduction



