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FOREWORD

Dear
policymakers,
practitioners
or scientists,

It is deeply encouraging to see how
quickly the scientific community has
mobilized to play its full part in im-
plementation of the Sendai Frame-
work for Disaster Risk Reduction
2015-2030 with the overall aim
of reducing disaster risks and loss-
es, and shifting the emphasis from
managing disasters to managing
the underlying risks.

The Sendai Framework clearly rec-
ognises the strong role that the
scientific community can play in
improved understanding of risk and
communicating on new knowledge
and innovation. The European Com-
mission took the initiative early by
launching the Disaster Risk Manage-
ment Knowledge Centre in Septem-
ber 2015, just six months after the
adoption of the Sendai Framework
as a contribution to the Science and
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Robert Glasser,
United Nations Special Representative
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of the Secretary-General for Disaster Risk Reduction
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Technology Roadmap. Now we have
this insightful publication as the
first fruit of its labours.

The UN Office for Disaster Risk Re-
duction (UNISDR) and European
Commission, Joint Research Centre
(JRC) have been partners to stimu-
late new research and to encourage
the use of available science by all
stakeholders.

JRC was one of the co-organisers of
the UNISDR Science and Technology
Conference in January 2016, which
produced an ambitious Science and
Technology Roadmap and launched
the Science and Technology Part-
nership.

The JRC has worked with over 200
top scientists, practitioners and poli-
cy makers from many fields to sum-
marise the state of the science rel-
evant to disaster risk management,
and to make it accessible in this
current report. The aim is to break
out of the silos, demystify work from
other disciplines, encourage poten-
tial synergies across disciplines, and
to identify gaps in scientific knowl-
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Vladimir Sucha,

Director General,

edge for future research.

This report summarises the state
of relevant science from a Europe-
an perspective. We consider it as
the start of a continuing process,
the beginning of a wider, worldwide
partnership to summarise knowl-
edge globally, and make it available
to the disaster risk management
community.

The report is timely for the discus-
sions at the Global Platform for
Disaster Risk Reduction in Mexico
in May 2017. It caters for the need
to translate the wealth of available
science into language understanda-
ble by stakeholders such as policy
makers, practitioners and scientists
from other disciplines.

We invite you to engage with us,
now and in the future, to enhance
the science-policy interface so that
strategies for disaster risk reduction
at national and local level, which
will be put in place by the Sendai
Framework deadline of 2020, are
based on sound evidence and ro-
bust science.

European Commission, Joint Research Centre




PREFACE

The Disaster Risk
Management Knowledge
Centre has produced this

flagship science report as a
contribution to the Science
and Technology Roadmap

of the Sendai Framework for
Disaster Risk Reduction.

This report is the result

of the multi-sectorial and
multi-disciplinary networking
process and represents the
combined effort of more
than two hundred experts.

It will support the integration
of science into informed
decision making through
synthesizing and translating
evidence for disaster

risk management and
strengthening the science-
policy and science-operation
interface.

EXPECTATIONS

This report aims to provide reviews
of scientific solutions and their prac-
tical use in various areas of DRM in
Europe. It is comprehensive in scope
but selective in topic and is written
in a format that is intended to be
accessible to all DRM actors. The
reviews of the scientific evidence
base are summaries of (1) recent
advances/outcomes of EU research
projects, (2) relevant national work
and (3) relevant international work.

The report aims to bridge science
and policy as well as operation
communities. The intended audi-
ence consists of practitioners and
policy makers in addition to experts
from different scientific disciplines.
It seeks to understand the scientific
issues of relevance to their work;
specifically civil protection opera-
tions and disaster risk policy, but
equally climate adaptation policy.
The audience includes government
officials at EU, national, regional
and local levels interested in finding
better ways to use science, and also
scientists to help them understand
work in other disciplines that would
allow the identification of possible
cross-sectoral synergies and needs
from practitioners.

THE PROCESS

The Disaster Risk Management
Knowledge Centre has committed
to producing a series of reports to
analyse, update the state of the art
and identify research and innova-
tion gaps in the field of DRM. Each
report will be multi-hazard, multi-
disciplinary, and will address the
full disaster risk cycle; it will have

scientific-oriented contributions
presenting the state of science, and
practitioner-oriented contributions
presenting the use of science.

The process started in January
2016, when the DRMKC working
group defined expectations and de-
veloped the outline of this report,
the first in the series. The process
was run by the JRC Editorial Board
of 4 members with strong support
from the European Commission Ad-
visory group of 79 experts in spe-
cific topics. The writing phase was
carried out by Author teams consist-
ing in total of 8 Coordinating Lead
Authors, 3 Facilitators, 34 Lead Au-
thors and 140 Contributing Authors.
The drafts were circulated for for-
mal review to 123 scientific experts,
policymakers and practitioners. The
preparation of the report succeed-
ed in pulling together a network of
273 contributors from 26 mostly
European countries and 172 organ-
izations. It has been endorsed by
11 European Commission Services
and will be officially released at the
Global Platform for Disaster Risk
Reduction in May 2017.

STRUCTURE

Understanding disaster risk to man-
age it is one of the main focus of
Sendai Framework. This perspec-
tive already opens two big issues:
understanding disaster risk with
the focus on scientific evidence, and
managing disaster risk with the fo-
cus on knowledge applied by differ-
ent actors. In order to convey the
DRMKC'’s mission of bridging science
and the policy/operation community,
the issue of communicating disas-
ter risk has been introduced with a



Current status

strong focus on how to successfully
overcome barriers to implementing
knowledge in the field of DRM.

The scope of the report is divided
conceptually into three distinct
parts: understanding disaster risk,
communicating disaster risk and
managing disaster risk, forming the
“bridge concept” of the report.

The “Understanding disaster risk”
part has been split into two chapters:
Chapter 2, covering risk assessment
methodology and examples in gen-
eral, and Chapter 3 that provides a
comprehensive overview of hazard
related risk issues, the structure of
which follows the Sendai taxonomy
of hazard classification. Chapter 4
on “Communicating disaster risk”
tackles many issues on communi-
cation in different phases of DRM
among different actors. Chapter 5
“Managing disaster risk” addresses
the governance issues of the full
disaster risk cycle.

The first and last chapter wrap the
scope of the report into a whole.
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The "Bridge concept”

C Ommun'\cating disaster Fisk

Chapter 1 “Current status of disaster
risk management and policy frame-
work” aims to explain why recent
global and European initiatives are
beginning to seek help to strengthen
society’s resilience by using science
and technology. The final Chapter 6
“Future challenges of disaster risk
management” aims to inform de-
cision makers and practitioners of
existing science that should find its
way into legislative form and prac-
tice as well as tackling a much more
challenging purpose: to recognise
knowledge gaps that could serve as
valuable reference based input for a
Horizon2020 call.

ACKNOWLEDGEMENTS

We wish to express special thanks
to all the Coordinating Lead Authors,
Lead Authors, Contributing Authors,
Reviewers and EC Advisors. Without
their expertise, experiences and a
huge commitment to a cause, this
report with such a holistic under-
standing of both disaster risk and
disaster risk management could
never have been completed.

Future challenges

It is our pleasure to invite you to ex-
plore the content of this report and
we wish you pleasant and informa-
tive reading.

JRC EDITORIAL BOARD

Karmen Poljansek
Montserrat Marin Ferrer
Tom De Groeve

lan Clark



Disaster Risk Management Knowledge Centre

Enhancing the
Knowledge base to
support Disaster
Risk Management

Faced with the risk of increasingly se-
vere and frequent natural and man-
made disasters, policy-makers and risk
managers in Disaster Risk Management
(DRM) and across EU policies increas-
ingly rely on the wealth of existing
knowledge and evidence at all levels
- local, national, European and global
- and at all stages of the DRM cycle -
prevention; reduction; preparedness; re-
sponse and recovery.

Better knowledge, stronger evidence
and a greater focus on transformative
processes and innovation are essential
to improve our understanding of disas-
ter risk, to build resilience and risk-in-
formed approaches to policy-making,
and contribute to smart, sustainable
and inclusive growth.

The Disaster Risk Management Knowl-
edge Centre (DRMKC) provides a net-
worked approach to the science-policy
interface in DRM, across the Commis-
sion, EU Member States and the DRM
community within and beyond the EU.
This Commission initiative builds on
three main pillars:

Partnerships and networks to improve
science-based services;
Better use and uptake of research and
operational knowledge;
Innovative tools and practices for risk
and crisis management;

Activities of the DRMKC support the
translation of complex scientific data
and analyses into usable information
and provides science-based advice for
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Science
Policy
Interface

1

Hazard
Scientific
Partnerships

6

Networks of
Laboratories

DRM policies, as well as timely and reli-
able scientific-based analyses for emer-
gency preparedness and coordinated
response activities. It brings together
existing initiatives in which science and
innovative practices contribute to the
management of disaster risks.

3

Pooling of
Research
Results

4

Identification
of research
needs and

gaps

S

Support
System

At a global level, the EU supports the
Sendai Framework for Disaster Risk Re-
duction to promote a more systematic
and reinforced science-policy interface
to strengthen the contribution of DRM
to smart, sustainable and inclusive
growth globally.



In practice:

a

Partnership

To achieve the ambitious goal of fully
exploiting and translating complex sci-
ence into useful policy and applications
in DRM, the DRMKC reinforces the devel-
opment of disaster science partnerships
and networks.

o Where knowledge begins: Net-
works and activities are activated
and promoted to improve the sci-
ence-policy interface in prevention
activities and to facilitate the trans-
lation of complex science into useful
policy advice.

¢ Where knowledge applies: Part-
nerships for operational prepared-
ness and response to major natural
disaster types in the EU are promoted
to facilitate the information flow be-
tween the different partnerships, the
Emergency Response Coordination
Centre (ERCC) and Member States.

00

Knowledge

Scientific research results and opera-
tional knowledge gained from lessons
learnt, exercises, training, peer reviews
and other assessment tools need to
be better exploited in the DRM cycle to
mitigate risks and vulnerabilities and to
improve response when disaster strikes.

o Where knowledge meets: A com-
mon repository of relevant research
and operational projects and results
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will be accessible through the DRMKC
and its Web-platform.

o Where needs are identified: A sci-
ence advisory panel of experts and
scientists at local, national and Eu-
ropean levels provides analyses, up-
dates and advice into research and
innovation needs in DRM.

ALK
~ 4
-@:
Innovation

Industry and the scientific community
play an essential role in developing in-
novative methods, tools and technolog-
ical solutions for the mitigation of dis-
asters and their impacts. They facilitate
the work of first responders and other
operational actors in crisis management
through innovative technologies and in-
struments.

o Where gaps are filled: A Support
System facilitates the use of exist-
ing expertise to help Member States
meet risk management related obli-
gations — DRM Capabilities Assess-
ment, Disaster Loss Databases, Sci-
ence-policy interfaces, National Risk
Assessment.

o Where innovation is tested: The
DMKC assesses the current state of
DRM science and technology in Eu-
rope and addresses technological
and operational challenges to cov-
er the existing gaps, and assists in
building globally common standards,
through the European Network for
Innovation Test Beds (ENITB) and the
European Crisis Management Labo-
ratory (ECML).

The DRMKC is supported and coordinat-
ed by a number of Commission Servic-
es in partnership with a key network of
Member States. A Steering Committee
meets regularly to propose, discuss and
establish the activities and priorities of
the knowledge centre.

The DRMKC web-platform facilitates in-
formation and knowledge sharing, while
enhancing the connection between sci-
ence, operational activities and policy:
http://drmkc.jrc.ec.europa.eu/
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SHORT EXECUTIVE SUMMARY

Knowing better and losing less

Natural and human-induced disasters
present major risks to the economy, the
security and well-being of citizens and
society. Addressing these risks relies on
robust evidence-based decision-mak-
ing. A main challenge for policy-makers
and practitioners addressing natural
and human-induced disaster risk man-
agement, across all policies and sectors,
is to capitalise on the wealth of existing
knowledge at all levels - local, national,
European and global.

Science and technology play a central
role in many EU policies and interna-
tional agreements addressing disaster
risk management. Ensuring efficient
disaster risk reduction and prevention
measures relies on a robust under-
standing and assessment of risks.

The UN Sendai Framework for Disas-
ter Risk Reduction calls for a strong in-
terface between science and policy to
build a strong knowledge of disaster
risk; make efficient use of data to bet-
ter understand the economic impacts
of disasters; and develop adequate
preventive policies to reduce the risks
of disasters. Science and innovation
equally contribute to several Sustain-
able Development Goals and their as-
sociated targets. In the context of the
Paris Agreement on climate change,
the importance of data collection, evi-
dence-based approaches and the con-
tribution of science was recognised.

This report presents a synthesis of sci-
entific knowledge in the field of disas-
ter risk reduction. It draws from many
scientific disciplines, practitioner com-
munities and policy experts. It is organ-
ised in 6 parts. Chapter 1 summarises
the policy landscape. Chapters 2 and
3 present the available knowledge on
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risk assessment respectively from a
multi-hazard and hazard specific per-
spective. Chapter 5 discusses science
for managing disaster risk, and Chap-
ter 4 bridges science and practice by
focusing on communication of risk. Fi-
nally, Chapter 6 summarises challenges
brought forward by all authors.

Current status of disaster risk
management and policy
frameworks

A main challenge for policymakers ad-
dressing natural and human-induced
disaster risk management, across all EU
policies, is to capitalise on the wealth of
existing knowledge at all levels — local,
national, European and global. In order
to improve all stages of the disaster
risk management cycle — prevention
and mitigation, preparedness, response
and recovery —, the knowledge and
evidence base needs to be further im-
proved, advances in relevant technology
exploited, research results applied and
the interaction between researchers
and end users enhanced. Understanding
the state of play of policy frameworks
relevant to disaster risk management
will help strengthen the interface be-
tween science and policy required to re-
duce the risk of disasters and enhance
our prevention and mitigation, prepar-
edness, response and recovery.

Understanding disaster risk: risk
assessment methodologies and
examples

Risk is complex. There have been huge
advances in recent years in all of the
key areas of risk: hazard, exposure and
vulnerability. The science base in Europe
is a rich source of information and data.
Initially there was often a culture clash

between the needs of industry for prac-
tical useable information within tight
timetables, perhaps just representing
what is known, compared to academia’s
focus on research and discovery with
necessarily longer time horizons. With
greater exposure and encouragement,
including EU research grants promoting
partnerships between the public and
private sectors and academia, scientists
and practitioners are now more attuned
to working closely with each other. Sim-
ilarly, methodologies have now been
developed to categorise risk, model risk
and present the results of risk assess-
ments and analysis in forms that ena-
ble decision makers not only to decide
the right course of action but also to
provide transparency around the deci-
sion-making process.

The process of risk understanding is
not simple and data are always partial
and flawed. Initial models and analysis
may be viewed as simplistic, particu-
larly in retrospect. The discrepancies in
data quality are sometimes asserted an
excuse to delay risk analysis and mod-
elling, but it is infinitely better to em-
bark on a risk assessment and analysis
process from the outset than wait un-
til better data become available. A “1
in 100 event” could happen tomorrow,
it is better to have tried, and commit
resources to develop a greater under-
standing of the risks as far as possible
now (and so identify key weaknesses
and data gaps) than postpone action
until better data are collected.

Risk assessments and risk models can-
not make decisions but they can inform
policy. Policymakers may reject the ad-
vice of a risk model but if they do so,
they should be able to articulate why. In
practice no model includes all factors;
decisions based upon broader consider-
ations are often valid. But there is no



doubt that encouraging and developing
a culture of risk identification, risk un-
derstanding, risk assessment and risk
modelling ultimately benefits society,
making it more resilient and saving
lives, livelihoods and property.

Understanding disaster risk:
hazard related risk issues

Today monitoring of geophysical phe-
nomena is performed with well-devel-
oped instrumental recording networks
extended at global, regional, national
and local levels. However, since large
geophysical events tend to occur in-
frequently and may appear benign for
generations, the risks may be underes-
timated. The assessment of risks posed
by earthquakes, volcanic eruptions and
tsunamis first requires a good knowl-
edge of the type, magnitude and fre-
quency of past events. The preparation
of hazard maps is a good practice not
only for decision makers but also for
citizens who would like to know where
the hazardous areas are situated and
what types of hazards threaten their
community.

There is important room for further im-
provement of monitoring systems and
their geographic expansion in less well
covered areas. If appropriate monitor-
ing is in place, it may be possible to is-
sue early warnings for different hazards
and to provide short term forecasts of
likely future activity. The assessment of
event scenarios can play a critical role
in the development of risk manage-
ment and risk reduction measures, such
as elaboration of emergency plans, de-
velopment of infrastructure to support
the affected regions, or risk awareness
campaigns.

Developing adequate hydrological risk
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maps is key for the short term (emer-
gency response) as well as the long
term planning (urban and rural devel-
opment) to increase society’s resilience
to those risks. Fully comprehensive
hydrological risk maps require a great
deal of data including long time series
of events, and/or a chain of models and
assessments that reflect our level of
understanding of the complex physi-
cal processes controlling hydrological
events.

Different types of floods are predictable
with different time ranges. Flash floods
driven by convective rainfall are noto-
riously challenging to predict ahead in
time to produce effective early warn-
ings, whereas slower developing floods
in large catchments can be predicted
several days ahead with the use of
probabilistic flood forecasting systems.
Landslides mapping is a challenge due
to the extraordinary breadth of the
spectrum of landslide phenomena. No
single method exists to identify and
map landslides and to ascertain land-
slide susceptibility and hazard.

The majority of recent scientific studies
indicate that hydrological risks will in-
crease overall even for warming levels
of 1.5°C. It is estimated that about 70%
of the global coastlines are projected
to experience a sea-level change with-
in 20% of the global mean sea-level
change.

Meteorological risks include hazards
from different types of storm systems
as well as extremes of temperature, cli-
matological risks include droughts and
wildfires and biological risks include
epidemics and pandemics. In order to
mitigate the effects of these hazards,
an understanding of their origin, behav-
iour and evolution is critical. Building
knowledge about human vulnerability

to the various hazards is required, and
region-specific hazard, exposure and
vulnerability need to be analysed for
different sectors.

Forecasting the onset or likely evolution
of hazards is becoming more accurate
through the use of new technologies;
however there remains a degree of un-
certainty which can be problematic for
decision-makers as it can be difficult
to strike the right balance between the
risk of missing the opportunity for ear-
ly warning and the risk of raising too
many false alarms. Improvements in
forecasting will be driven by the inter-
action and partnerships forged between
different fields.

Disaster risk reduction frameworks
have not commonly addressed tech-
nological risks. The Sendai Framework
for Action recognises the importance of
technological hazards and promotes an
all-hazards approach to disaster risk re-
duction. This includes hazardous situa-
tions arising from man-made activities
due to human error, mechanical failure,
and natural hazards.

Chemical accidents continue to occur
relatively frequently in industrialized
and developing countries alike, which
raises questions as to the adequacy
of current risk-reduction efforts. The
causes underlying chemical accidents
in current times are largely assumed
to be systemic. Most chemical acci-
dents today are caused by violations
of well-known principles for chemicals
risk management which has led to in-
sufficient control measures. Natech ac-
cidents are a technological “secondary
effect” of natural hazards and have
caused many major and long-term
social, environmental and economic
impacts. Studies on the status of Na-
tech risk management in the EU and
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the OECD have highlighted deficiencies
in existing safety legislation and the
need to consider this risk more explic-
itly. Conventional technological risk-as-
sessment methodologies need to be
expanded to be applicable to Natech
risk assessment and only a very few
methodologies and tools are available
for this purpose.

Communicating disaster risk

Disaster risk communication is a grow-
ing field in disaster science, and highly
relevant for policy makers, practitioners
and citizens. It aims to prevent and mit-
igate harm, prepare populations of vul-
nerable areas before a disaster strikes;
and to validate, share, disseminate
and combine information from various
sources both at times of disasters and
in the recovery phase.

There is not a one size fits all in risk
communication, as the local context
(e.g. local cultures) and histories (e.g.
previous experiences with disasters)
matter. Risk communication based on a
one-way approach that tells people how
to prepare and to respond to a disaster
is rarely effective. Instead, a two-way
mode of communication will lead to a
situation in which people become more
engaged in risk communication. This en-
gagement increases the likelihood that
someone can successfully cope with a
situation of uncertainty.

The key challenges in risk communica-
tion lie not so much in developing new
tools and innovations but in the im-
plementation of social mechanisms by
which such innovations become embed-
ded in actual communication practices.
Adequate disaster risk communication
and management requires the collabo-
ration of a variety of stakeholders in-
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cluding policy makers, practitioners and
citizens.

Managing disaster risk

The disaster management cycle com-
monly includes four types of meas-
ures needed to manage disasters: pre-
vention/mitigation and preparedness
(before a disaster), and response and
recovery (after disaster). Holistic under-
standing of disaster risk management
focuses on all four phases of the dis-
aster cycle.

Based on an analysis of the benefits
arising from avoided losses, mitigation
and prevention measures are widely
considered more cost-effective than ex-
post disaster interventions. An increase
in mitigation investment has occurred
in some European countries, but the
lack of public and therefore political in-
terest in prevention and mitigation re-
mains a problem.

In disaster preparedness and response
planning there is a trend towards great-
er professionalization of emergency
management across all Europe sup-
ported by evolution of legislative and
regulatory frameworks. A comprehen-
sive strategy for disaster financing can
moderate the impacts of natural haz-
ard risks, speed up recovery and recon-
struction, and harness knowledge and
incentives for risk reduction. The private
financial sector plays an important role,
along with governments and civil socie-
ty organizations, in designing innovative
financial protection goals and sharing
knowledge and capacity.

Public-private partnerships are a mod-
el for a joint bearing of responsibili-
ties and efficient risk-sharing, capable
of increasing insurance coverage and

penetration, and guaranteeing a strong
financial backing in view of uncertain
probabilities of risk.

Future challenges of disaster risk
management

Drawing from the analysis in each
chapter, the report concludes with a
summary of challenges for knowledge,
partnerships and innovation addressed
to the three reader communities: scien-
tists, policymakers and practitioners.
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