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EU/ L w5 pcBp? is to derive an innovative framework for supporting the interconnected European
LY FNI &0NHOGdzZNBWa NBaAtASyOS G2 OftAYIFGS LINBaadz2NBa
knowledge on the potential impacts of climate. In a like mam first step of this effort should be to review

and taxonomy of the existing knowledge in order to provide an extensive assessment of the impacts from
climate hazards and extreme weather on critical infrastures, on a categorized waphis deliveratd, D1.2

state of the art reviewand taxonomy of existing knowleddey the contribution of consortium partners as
gStt a (GKS adl1SK2f RSNRaA AYTFNI adNHzOGdzNBE 26y SNA X
community develope@dnd extendan existing pool of knowledge, such as, climate hazards and their impacts,
defined and implemented customized impact assessnmemdels and generic frameworks.

Critical infrastructures such as telecommunications, electric power generation and transmasioncal
industry, water supply systemdransportation ICT networks anémergency services have become the
components of a larger interconnected system. A disruption in one infrastructure has ripple effects into other
infrastructures and eventually impactee community and the broader economior each one of the CI
sector a review about the climate changes and their impact is performed. In particular, the potential
consequences and impacts of climate phenomena such as temperature, extreme winds, fliddsesy

etc. are presented. Furthermore, for each sector, a relevant risk assegsmgilience strategieas well as

a climate change adaptation framework are also providaderms of a practical mannec|imate impacts

on each Critical Infrastructe type and sultype have beerexamined and providedn the ANNEXE$&rt of

this deliverable

Furthermore, in this deliverable an extensive analysis of relateBulded and international projects as well

as holistic frameworks on CI risk and resiliencgeasment due to climate change are includeithally, last
section of this deliverable, provides the state of the art overview of risk assessment data and modelling tools
including open access software packages for natural hazards.
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1 LYUGNRRdAzOUOAZ2Y

According ttEUCIRCLE Statemeittis presently acknowledged and scientifically proven that climate related
hazards have the potential to substantially affect the lifespan and effectiveness or even destroy of European
Critical Infrastructures (Cl), particularly the energy, transportasectors, marine and water management
infrastructure with devastating impacts in EU appraising the social and economic losses. According to the
European Academies' Science Advisory Council, a 60 % rise in the cost of damage from extreme weather
eventsacrod 9 dzNRP LIS KIF&a o06SSy SadAYFrGSR 20SNJ I on &SI N
merit in terms of monetary damagé¢$].

As European Infrastructures have lifelines that span in several decades, it is imperative to generate
scientifically truthful and validated knowledge on the potential impacts of climate, as a viable pathway for
making resilient infrastructure§he main pdicy objective, as underline in theational policy brief$2], is to

move towards infrastructur@etworkéi K & A& NBaAAf ASyd G2 Gd2RIF&Qa vyl ida
changing climate. Furthermore, modern infrastrues are inherently interconneetl and interdependent
systems thereforeextreme events are liable to lead to cascade failures

Modern infrastructures arebecomingmore resilient comparing to the past. In tH@residential Policy
Directive 21, dtical Irfrastructure Security and Resilience, February 3018NXB & A fs Hifined&tlse
ability to prepare for and adapt to changingnditions and withstand and mover rapidly from disruptions,
includingalsothe ability to withstand and recover from deditate attacks, accidents, or naturally occurring
threats or incidents

CLIMATE HAZARDS
Primary Secondary
ADAPTATION
A
INFRASTRUCTURE
EXPOSURE TO Yo hEan)
IMPACTS
VULNERABILITIES REDUCTION
INTERCONNECTIONS Cost
EFFECTIVENESS
INVESTMENT

RESILIENCE
Capacity to Capacity to RISK INSURANCE

Figurel Overview of climate related impacts on infrastructare

In the last decade, an increasing number of natural disasters have adversely affected regional economies and
millions of people all over the worl@] [4]. Our cities, in particular, have become merdnerable because

of the increasing rate of urban migration and greater concentration of -hjhe assets and critical
government and business operations, many of them located in coastal and other areas naturally vulnerable
to major disasters. The potéal for severe and widespread impacts of extreme events has never been
greater in society than today. Critical infrastructures such as telecommunications, electric power generation
and transmissiongchemical industrywater supply systemdransportation ICT networks ang@mergency
services have become the components of a larger interconnected system. A disruption in one infrastructure
has ripple effects into other infrastructures and eventually impacts the community and the broader economy

[5].

! Presidential Policy Directive 21, Critical Infrastructure Security and Resillegtoeiary 2018ttps://www.whitehouse.gov/thepress
office/2013/02/12/presidentialpolicy-directive-criticatinfrastructure securityand-resil
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1.1 Methodology

The purpose of this deliverable is to provide an extensive assessment of the impacts from climate hazards
and extreme weather on critical infrastructures, on a categorised Bayond the direct impacts on each
critical infragructure, this deliverable includes an extensive analysis of existing holistic frameworks on CI risk
and resilience assessment due to climate change, relate&fuflded and International projects and open
access software platforms.

D1.2 State of the art review and axomy of existing knowledge

The structure of this dagnent is as follows:
1 Related EUJFunded and international projects

Under this section, a reference to the major related-EHhded and international projects is
presented.

1 Holistic frameworks on ClI risk and resilience assessment due to climate change

An extensive analysis of holistic frameworks on CI from risk and resilience assessment is described.
Through this section, reader could find methods and appreadh measure the level of risk due to

climate change. An introduction tdAZUSa nationally applicale standardized methodology that
contains models for estimating potential losses of disastxswvell as reference to the Federal

Il A3Kglte& ! RYAYAAGNI GA2y Qa Of Aagdedsify the Kuingrabfiity of R I LJG
transportation assets to climate change and extreme weather evéimsally, the Disaster Resilience

of Place (DROP) program is mentioned as well as the UK study fort@¢iaiterconnections.

9 Introduction to CI sector@More extensive analysis in ANNEXES part)

In this section an analysis of the impact from climate change and extreme weather events to the CI
is performed. For this review, we consider the major critical infrastructure sectors and their
interconnections andnterdependenciesSpecifically, energy sector, water sector, chemical sector,
transportation sector, ICT networks sector and public (health) sector. For each one of the sector,
D1.2 presents the potential consequences and impacts from climate changeaébr natural
phenomenon (i.e. temperature, extreme precipitation, extreme winds, etc.). Furthermore, details
about relevant to each sector risk assessment methodologies and resilience strategies are presented
as well as climate change adaptatioreasuresSector interdependencies (of each sector with the
other sectors) are also considered and described in this section.

A more extensive analysis of impacts of climate change to the CI sectors includisgctars is
included in this deliverable and can beufa in the ANNEXES part. Under this section, detailed
analyss of the impacts to Cl including (examples, past events, damage functions) is presented.

i Related Software

Reference to open access software can be found in the latest section of this deliverable.
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The European Union is a major investor in public infrastructure projects. Europeesstmentbased
development policies such as EU cohesion policy; TTBN TENE, help overcoming gaps in infrastructure
needs, especially in Convergence regions in cimgenerate the preconditions for growth and joli$e EU
primarily addresses this issue through EU cohesion policy and in particldas ideveloped Member States
and regions which have a low endowment of basfcastructure. The policy aims at creating growth and jobs
through delivering Europ2020 and thereby strengthening social, economic and territorial cohesion in the
EU[6].

Examples of European financial institutions addressing climate risk and adaptation in project appraisal and
developmentare presented in EU CIRCLE official pafydist of EU Projectaccording to theEuropean
Commission - European Research on Natural Hads(Catalogue of FP7 Projectsin
http://matrix.gpi.kit.edu/EU%20Projects.php

TheCritical InfrastructurePreparedness and Resilience Research Netwwor€lIPRNet establishes a Network

of Excellence in Critical Infrastructure Protection (CIP). CIPRNet performs research and development that
addresses a wide range of stakeholders including (multi)national emeygemanagement, critical
infrastructure operators, policy makers, and the society. By integrating resources of the CIPRNet partners
acquired in more than 60 EU-6aonded research projects, CIPRNet will create new advanced capabilities for
its stakeholdersA key technology for the new capabilities will be modelling, simulation and analysis for CIP.
CIPRNet builds a lodgsting virtual centre of shared and integrated knowledge and expertise in CIP. This
virtual centre shall provide durable support from resgato end users. It will form the foundation for the
European Infrastructures Simulation & Analysis Centre (EISAC) Iy 2020

Driving Innovation in Crisis Management for European Resilieri@gsis management and societal resilience
capabilities are regutty challenged and constantly need to evolve to cope with new trends, such as emerging
natural and marmade hazards, and the continuing connectivity of citizens. DRhA4SRhe goal to enhance
crisis management capabilities and societal resilience ineurti provides guidance and support for
resilience and innovation in these areas by helping practitioners articulate their needs in a structured
dialogue with researchers and industry. In doing so, it also fosters flexibility and adaptability to fueatsth

and changing crisis situations.

FRC stands fdfloodResilienCity It is an EHunded project which has enabled responsible public authorities
in eight cities in North West Europe to better cope with floods in urban areas. This has been done through
combination of transnational cooperation and regional investments

INFRARISIS developing a reliable stress test framework to establish the resilience of European Critical
Infrastructure to rare, low frequency, extreme natural hazard events and tdetdion making in the long

term regarding robust infrastructure development and the protection of existing infrastructure. In an
integrated approach to hazard assessment, the project is focusing on the impacts of seismic, landslide and
flooding hazards o road and rail transport infrastructure, considering the interdependencies of the
networks, cascading hazards and cascading effects and spatial and temporal vuln&rability

INTACBrings together innovative and cutting edge knowledge and experience ap&im order to develop
and demonstrate best practices in engineering, materials construction, planning and designing protective
measures as well as crisis response and recovery capabhilities

2 http://www.eu -circle.eu/eufunded-projects/
3 https://www.ciprnet.eu/summary.html

4 http://www.driver -project.eu/

5 http://ww w.floodresiliencity.eu/

6 http://www.infrarisk-fp7.eu/

7 http://www.intact -project.eu/
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RAINwill quantify the complex interactions between weather events and land based infrastructure systems.
The output of RAIN will aid decision making in the long term, securing new robust infrastructure development
and protection of existing infrastructure aigat climate change and increasingly more unpredictable weather
patterns. Transport, energy and telecommunications infrastructure will be considered and risk mitigation
strategies will be developed. This will be achieved through developing an operatitadgbia framework
which considers the impact of individual hazards on specific infrastructure systems and the coupled
interdependencies of critical infrastructure through robust risk and uncertainty mod&lling

The aim of thePREDICproject is to providea comprehensive solution for dealing with cascading effects in
multi-sectoral crisis situations covering aspects of critical infrastructures. The PREDICT solution will be
composed of the following three pillars: methodologies, models and software toas. iitegrated use will
increase the awareness and understanding of cascading effects by crisis response organisations, enhances
their preparedness and improves their response capability to respond in case of cascadingd failures

SnowBallconsists in a dgeanalysis of cascading effects and development of methods to anticipate them;
and in a Decision Support System able to display current crisis monitoring and results of simulated decisions
integrating cascading effects, thanks to a data collection syséentvents Log Database, Simulators and a
Dashboard. SnowBall innovates in its modular approach to crises, its modelling techniques, its agent
supported coupled grid simulations, its generic Events Log Database and tools to follow public behaviour
(Emergeng Alert, social networks, mobile applicatiéh)

River flood risks in urban areas across Europe will increase tremendously in the coming d&CAGEEO0D
(20122016) aims to design policies to better deal with these risks. The results of the projdot Wwitihly
relevant for policies and law at the European, national and regional level and for the development of public
private partnerships.

STRESE an harmonized approach to stress tests for critical infrastructures against natural Hazards

The Territories of Rivers Action PlanéTRAP) project is about bringing together river basin & landscape
LIN2GSOGA2YSY gA0GK NBIA2YIE 3INRBGgUK Y2RSfta |yR azf d
RSOSt2LIYSY (i Qo 2 KAf S (K BverlidhidrieSiOnotinegytiabke fihe NdstPas dodiated | & A
with it must be explicitly balanced by income through growth and rationalised by suitable development
actions?®,

The MATRIXproject develops methods and tools to tackle multiple natural hazards nvithicommon
framework. A variety of natural extreme events, including earthquakes, landslides, volcanic eruptions,
tsunamis, river floods, winter storms, wildfires and coastal phenomena, threaten different regions of Europe
suffering not only from individdéhazards, but also from multiple events that occur in combination. Classes
of interaction include triggered events, cascade effects and the rapid increase in vulnerability during
successive hazards. Planners and patiekers, and the scientists who infortheir judgements, usually treat

the hazards and risks related to such events separately from each other, neglecting interdependencies
between the different types of phenomena, as well as the importance of risk comparability. Resolving this
deficit improwes their ability to take risk reduction measures in a esfétctive way and in doing so,
strengthen societies' resilience to natural disasters.

TheENSUREProject dealt with the development of a new methodological framework for an integrated-multi
scale ulnerability assessment, based on a comprehensive, integrated anddis@plinary understanding

of how mitigation strategies can be improved in the future, in order to reduce human losses, economic
damage and social discomfort due to extreme eventkistg communities exposed to a variety of natural

8 http://rain -project.eu/

9 http://www.predict-project.eu/

10 http://www.snowball-project.eu/index.php#tfhome
11 http://www.starflood.eu/

12 http://www.strest-eu.org/opencms/opencms/

13 http://trapproject.eu/
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hazards, as well as to the potential consequences of climate change. Amongst the achievements of the
project were: to improve the understanding of the vulnerability concept at different spatial scales)tzen

of reviews were performed on the methodologies used to assess vulnerability of structural, territorial, social
and economic systems; a review was performed to understand how vulnerability was operated in both
natural hazards and climate change commities; it explored the connections between different types of
vulnerabilities; need to make explicit the relevance of resilience and not to restrict to the vulnerability
concept only; processes and catalytic factors of vulnerability change in the aofuisge and in particular,

along a single disaster cycle and its successive stages or along successive disaster cycles, were highlighted.

The RAMSES (Reconcilinghdaptation, Mitigationand Sustainabldevelopmenfor citiE§ European
research project aimw deliver much needed quantified evidence of the impacts of climate change and the
costs and benefits of a wide range of adaptation measures, focusing on cities. It will engage with stakeholders
to ensure this information is policy relevant and ultimatelgables the design and implementation of
adaptation strategies in the EU and beyond. The projéittfocus on climate impacts and adaptation
strategies pertinent to urban areas due to their high social and economic importance.

The MOVEFP7(Improvement & Vulnerability Assessment in Europe) has gathered knowledge about risks
from 13 European teams to propose a holistic framework and to provide the necessary tools for vulnerability
assessments of territories exposed to natural hazafse project MOVE fosed on the conceptual
development and practical application of vulnerability assessments towards risk management strategies,
comforted by case studies.
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There is a rich multidgsplinary tradition that examines risk, hazards and disasters. To understand and
appreciate the literature, a few key concepts require definitions. First is the concept of hazards. Hazards are
threats that have the potential to harm people (and the thinigsy value) and places. Risk is the likelihood

of incurring harm, or the probability that some type of injury or loss would result from the hazard event.
Disasters are singular larger scale events that overwhelm the local capacity to effectivelydrés@md
recover from an eveni].

In looking at climate variability and climate change as particular stressors, we can further differentiate
hazards into two primary classes. Sudden onset hazards appear rapidly such as floddingcanes, but

last for a short time period ranging from hours to weeks. Chronic hazards are very slow onset events that are
barely perceptible by society such as drought or sea level rise. They affect populations incrementally and it
is not until someipping point is reached that they transcend into disasters. The distinction between sudden
onset and chronic hazards is significant in terms of perception and pdheypublic and policy makers can

see the flood or hurricane and anticipate the necessagponse to reduce the impact on people and places

[8]. There is considerable interest also in the conceptudfierability for which there are many definitions in

the research literature, derived from differirmgpnceptual models and frameworks.

Beginning in the 1940s, there was considerable research and policy interest in understanding the human
occupancy of hazard zones, the range of societal adjustments available for reducing the impact, and the social
accepta®S 2NJ G tSIFraid G2t SNryOS 2F GKS Nrxala aaz2oal
way. Derived from the pioneering work of Gilbert F. White and his students, the risk/hazards paradigm was
born. Working at the interface between social amvironmental systems, the risk/hazards approach sought

G2 dzyRSNBRGFYR 6K2 tABSR Ay KIFITIFNR2dzA FNBFa FyR (K
from natural hazard§9].

RISK

Vulnerability Threat or
Hazard

Response

Preparedness Recovery
Qﬁ Mitigation

HUMAN ACTIVITY

o
btaﬁ

Figure2 Risk equation

Riskis assessed as a combination of threat (expressed as the probability that a given action, attack, or incident
will occur), vulnerability (expressed as the probability that a given attack, or vulnerability will succeed, given
that the action, attack or incident occurs), and consequence (expressed as some measure of loss, such as
dollar cost, resources loss, programmatic impact, etc.). The total risk of operating a system is assessed as a
combination of the risks associated with all pbss threat scenarios. Risk is reduced by countermeasures.
However, the cost of countermeasures (relative to the potential risks) is applied when arriving at any holistic
risk management stratedtO].

The terms threat, vulnetality and risk have often been used casually and interchangeably, when in fact they
each have distinct and complementary definitions
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Hazard vulnerability assessments describe who and what is exposed to the threat (dar#fatation), and

the differertial susceptibility (the potential for loss, injury, harm, adverse impacts on livelihoods), and
impacts of that exposure. In other words, the goal is not only to identify the risk factors (who and what is
vulnerable), but also the driving forces that shapealnerability in a particular placg¢ll] [12]. These
assessments are either qualitative in their approach or they are quantitative in nature providing numerical
estimates of population exposures and rankings of vulnerability. They can be single hazard -bapauti

and they can range from local plspecific analyses to more regionally based patterns.

Three distinct elements comprise hazard vulnerability assessments: exposure assessment (the identification
of the risk source including magnitude, frequency of occurrence, and spatial impact);t iags@ssments

(the consequences of a particular hazard or stressor on a population; and damage assessment (defining the
direct and indirect losses (fatalities, infrastructure, economic) associated with a particular event). However,
the integration of thes¢hree elements into a comprehensive vulnerability assessment for the area or region

of concern is often lacking. Part of this is a function of the bifurcation of the science inputs (e.g. natural
scientists provide most of the relevant data and models&rposure assessments while social scientists
provide the inputs for the populations at risk) and the difficulties of working across disciplinary or knowledge
boundarieq8].

Thereisa plethora of case studies on risk and vuaiglity assessment techniques and applications compiled
o0& bh! 1 Qa /21 &ii8]. SpneNdrasCoBly on/efpysirs, Nuhile others take a more
comprehensive view of the hazards assessment and include impact and darsagsnasnt¥'.

The risk can then be shown in different way$-or a number of differenhazardsthe consequences are
plotted against the annual probability of exceeding this amount for individual hazard risk and)aiggre
hazard risk ifFigure3 by employing tle following simple formulation:

Pa=1-H qm) 1)

where Ry is the total annual probability foexceedance of a given risk (expressed as Euros), iaadhe
probability of exceedance of a given risk i (i.e., here represented by earthquakes, landslides and floods).
Through these points a curve is fitted, thecaalled risk curve, and the area belthe curve is representative

of the total risk.

In a multthazard risk assessment this procedure is carried out for all individual hazards, taking into
consideration the interrelations between hazards (e.g. cascading effects, such as a landslide darve&ing a
and causing a flood). If the risk is normalized into annual risk, it is then possible to evaluate tHeamand

risk. Care must, however, be taken to deal with length of time it takes restore infrastructure once it has failed.

Damage Damage Damage State Description
Ratio State

0-0.02 Insignificant No damage or minor non-structural
damage

0.02-0.10 Light Non-structural damage only
0.10-0.50 Moderate Reparable structural damage
0.50-0.20 Severe Irreparable structural damage

090-1.0 Collapse Structural Integrity falis

Figure3 Damage Ratio

14 http://coast.noaa.gov/vata?redirect=301ocm
15INFRARISK D4.1 Prelinary Model, Methodology and Information Exhange
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Risk analysis
There are three primary methods for measuring levels of{figk

1. Qualitative analysiswhich uses words to describe the magnitude of potential consequences, and
the likelihood that the event will occur. An example of this is a risk matrix, which can be-cotbeat
to make it easier to understand the level of associated risk (as showa taltke below). A high level
of risk (red) can be deemed intolerable; a medium level of risk (yellow) tolerable, and a low level of
risk (green) acceptable.

Consequences
Likelihood Minor Moderate Major
Likely High leved of nsk Hgh leved of sk
Possible W level of risk High leved of rsk
Uniikely Low level of risk Low level of risk

Figure4 Example of a qualitative risk matrix to determine a level sX ri
(adapted from Standards New Zealand, 2004,)p56

2. Quantitative analysiswhich uses numerical values for both consequencedikalihood, as shown
in the figure below.

e it Sones
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5 :
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0.0001 i . -
10 100 1000 10000

Consequence ($ x 1000)

Figure5 Quantitative method for estimating riskté®idards Australia/New ZealanaQ04, p5652)

3. Semiqualitative analysiswhich uses a combination of words and numendlies, as shown in the

Figure below.
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Figure6 SemiquantitativeY SG K2R F2NJ SAGAYI GAy3 NRA] P WCNBIdzSyOeQ A:
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It can be done using a qualitative or a quantitative approach. In both cases, however, the goal is to gain a
better understanding of the probability of occurrence a@enario and the consequence of that scenrio
R=pZzC
where p is the probability that a scenario occurs and C is the consequences related to this scenario.
Qualitative approachA qualitative approach is one where relatively exact estimates of the probability of
occurrence of a scenario or relatively exact estimates of the consequences are not required. It allows a first

impression of the risks. This approach is based exclugsindlye experience of the experts and the risks, as
gStt a GKS LINRPoloAfAGe
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Figure7 Risk Matrix’

Quantitative approachA quantitative approach is one where relatively exact estimates of the probability of
occurrence of a scenario and relatively exact estimates of the consequences are required. With such an
approach the risk analysis is based on information in form of data, expert knowledge, physical and
mathematical models, etc. The result of a quantitative risk analgsasm exact number (Equation, 2hat
indicates the risks associated with each scenariosaaméxact number to indicate the risk associated with

all relevant scenarios considered together, even if it is acknowledged that there is uncertainty with respect

to these numbers.

Statistical analysisStatistical models of different complexity have bedeveloped to estimate the risk
related to the failure of an individual infrastructure objects, with respect to both the probability of occurrence
of a hazard and the probability of failure of the infrastructure object

Probabilistic modelingrhis approaclktomprised a variety of methods used for the risk analysis, such as Event
trees, fault trees, Markov chains, Bayesian networks, and Monte Carlo simulations.

Event treesEvent trees, are used to analyse and display different discrete scenarios, theirpooey)
probability of occurrence and the resulting consequences, as udeidune7. They are built from a starting

event and branch at each subsequent event based on the values of key parameters these key parameters
were intensity measures. When the event tree is complete & logical and visual representation of the set

of scenarios that can occur.

16 INFRARISK PROJECT: DPteliminary Model, Methodology arndformation Exchange
17INFRARISK PROJECT: DP4eliminary Model, Methodology and Information Exchange
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Fault tree Fault trees are used when it is desired to focus on the particular ways a system can fail. It is
particularly well suited to determine the probability of a speciéivent happening when this event can
happen due to different precursor events. Fault trees are often used in the evaluation of largesifedy
systems.

Bayesian network®ayesian networks are used to predict the behaviour of a system, in a wagr dorthat

event trees but are much more robust in the number of possible scenarios that can be encompassed, and
much more flexible in their ability to be able to use existing information, or evidence, in the estimation of
likely consequences. The use @yBsian networks allows the consideration of both expert opinion and
observations of occurrence of stochastic events. Once the relationships between the system elements are
included in the Bayesian network the weights put on these connections are detatrtongive the best fit
0SG6SSy (KS @lfdzS 2F GKS AylLlzia FyR (KS @I fdsSa 27
between all types of events, whether they are hazard events, or consequence events, and all types of
relationships, e.g. limar or circular, can be modelled in Bayesian networks

Monte Carlo simulationMonte Carlo simulation is often used when the models of the system required to
estimate risk are complex, nonlinear, or involves several uncertain parameters. It involves tlaetepe
deterministic computation of usedefined transformation models using random values as input (i.e., random
values drawn from usegenerated sampling distributions). The number of evaluations/repetitions necessary
to establish the probability distribidns of the output parameters will depend on the number of input
parameters, their probability distributions, the complexity of the propagation model, and the accuracy
requirements of the output

Figure8 Individual riskcurves for different hazards (earthquake&Q,floods¢ FL, windstormsg WS)[15]

Disaster Risk Reduction (DRR3fers to the conceptual framework of elements considered with the
possibilities to minimize vulnerabilities and disaster risks throughout a society, to avoid (prevention) or to
limit (mitigation and preparedness) the adverse impacts of hazards, withibribad context of sustainable
development

Disaster Risk Management (DRN&nN be described as an array of measures involving public administration,
decentralization, organizational and institutional development (or strengthening), commbadgd
strategies, engineering, settlement development atehd use planning. It also takes into consideration
environmental issues as part of the risk mitigation and reduction strategies
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