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FOREWORD

Follow ing the  disastrous Decem ber 2004 tsunam i tha t affected coastal states 
around the Indian Ocean, the  In tergovernm enta l O ceanographic Commission 
(IOC) o f UNESCO was given a m andate by Its M em ber States to  facilita te the 
expansion o f global coverage o f tsunam i w arn ing  systems. This expansion builds 
on the  experience o f the  PacificTsunami W arning System (PTWS) th a t has been 
operational since 1965. Three additiona l w arn ing and m itiga tion  systems are in 
the  course o f deve lopm ent, co-o rd inated by IOC. These respectively cover the 
Indian Ocean region (IOTWS), the  North-eastern A tlantic, M editerranean and 
Connected Seas region (NEAMTWS) and the Caribbean (CARIBE-EWS).

W hile the  main im petus fo r these deve lopm ents has com e from  the  perceived 
need to  p ro tec t com m un ities  from  tsunamis, these w arn ing systems are 
in tended to  be an integral com p on en t o f a com prehensive m ulti-hazard and 
m u lti-purpose  w arn ing  system. Each w ill cover storm  surge and its a tm ospheric 
forc ing (e.g., tropical cyclones), and extrem e w ind-fo rced wave events as well 
as tsunamis, linking w ith  existing hazard w arn ing systems and established spe
cialized centres as appropria te  and feasible. These include systems coordinated 
by IOC and the  W orld M eteorological O rganization (WMO), th rou gh  the  Joint 
W M O/IOC Technical Commission for O ceanography and Marine M eteoro l
ogy (JCOMM). The im p lem en ta tion  plans o f these m ulti-hazards w arn ing sys
tem s em brace the de tection , and forecasting and w arn ing  o f hazard events, 
as well as the ir com m un ica tion  and dissem ination. Regional Centres have an 
im p o rtan t role in p lanning and im p lem en ting  regional program mes, and in 
p rovid ing  guidance on forecasting and w arn ing services to  National Centres, 
ensuring full coord ination  be tw een National Centres in the  region and taking 
m axim um  advantage o f this h igh-level cooperation. The onward com m un ica
tion  o f hazard event and the  issuance o f warn ings from  National Centres to  
local au thorities are the responsibilities o f individual countries.

The im p lem enta tion  plan for W orking Group 4 (WG4 -  Advisory, M itiga tion  
and Public Awareness) o f the  In tergovernm enta l Coord ina tion Group for 
NEAMTWS specifically included an action to  prepare guidelines, as reguested 
by IOC M em ber States, w h ich  aim to  m ainstream  the awareness and m itiga tion

o f sea-level-related hazards and risks in Integrated Coastal Area M anagem ent 
(ICAM).

These guidelines have been com p iled  w ith in  the  con text o fth e "H y o g o  Frame
w ork for Action  2005-2015: Build ing the  Resilience o f N a tionsand Com m unities 
to  Disasters" (UN/ISDR, 2005). They describe a process in the  ICAM fram ew ork 
aim ed at fu lly  in tegra ting  disaster risk reduction in to  re lief and deve lopm ent 
policies and practices. Their deve lopm en t has been closely allied to  th a t o f 
com pan ion  guidelines produced as a con tribu tion  to  the  IOTWS, prim arily for 
tsunam i risk assessment and m anagem ent in the  Indian Ocean region, bu t 
w ith  global relevance (IOC Manuals and Guides No.52).

The Guidelines are in tended to  be user-oriented and global in scope. They 
have been developed in accord w ith  Resolution XXIV-14, "Tsunamis and O ther 
Ocean Hazards W arning and M itiga tion  Systems (TOWS)", in the  24th Session 
o f the  IOC Assem bly (June 2007). This resolution recognized 'th a t the  devel
o p m e n t and im p lem en ta tion  o f m ulti-hazard strategies and in teroperable 
systems, inc lud ing for tsunamis, can on ly be achieved th rou gh  close consulta
tion , coord ina tion  and cooperation am ong all stakeholders w ith  tsunam i and 
related ocean hazard mandates'.

W orking w ith in  the  ICAM andTsunam i program m es o f IOC, the Guidelines have 
been prepared by an expert g roup  under IOC's auspices and w ith  the  suppo rt 
and cooperation o f o ther in te rgovernm enta l bodies inc lud ing the  WMO. It is 
w ith  pleasure tha t I record WMO's endorsem ent o f the  Guidelines.

Patricio Bernal 
Assistant Director-General o f UNESCO 

Executive Secretary o f IOC 
Intergovernm enta l O ceanographic Commission
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EXECUTIVE SUMMARY

THE ICAM CONTEXT

These gu id e line s  aim  to  assist p o lic y  m akers and m anagers in the  red uc tio n  
o f th e  risks to  coastal com m u n itie s , th e ir in fras truc tu re  and se rv ice -p ro v id ing  
ecosystem s fro m  tsunam is, s to rm  surges and o th e r coastal hazards w ith in  
th e  phased fra m e w o rk  o f In teg ra ted  Coastal Area M an ag em en t (ICAM).
As a c o n te x t fo r th e  procedures presen ted in th e  G uidelines, S ection 2 sets 
o u t the  fu ll fra m e w o rk  o f the  ICAM process. This show s h o w  the  assessment 
o f coastal hazards and th e  m itig a tio n  o f the  risks in respect o f those  hazards 
can be e m b ed ded  w ith in  th e  fo u r phases o f ICAM, each w ith  its respective 
p rocedura l steps. Each step is described -  in c lu d in g  its purpose, its key c o n 
s idera tions, the  m an ag em en t cha llenges th a t it poses and its an tic ip a ted  
ou tpu ts .

IDENTIFYING AND QUANTIFYING THE HAZARDS

The physical fea tures o f the  sea-level re lated coastal hazards th a t fo rm  the  
sub je c t o f  these gu ide lines  are described in th e  c o n te x t o f  ICAM (Section 
3). These descrip tions, in c lu d in g  in fo rm a tio n  on hazard sources and m a g n i
tudes, are fo llo w e d  by procedures fo r assessing th e  like liho od  or p ro b a b ility  
o f a specified  hazard scenario o ccu rring  (Section 4). The p rocedures take 
in to  acco un t th e  hazard even ts 'loca tions , th e ir freguenc ies and m agn itudes, 
and th e  pathw ays th a t m ay m o d ify  th e ir  m a g n itu d e  and thus th e ir  physical 
im pact. The assessm ent shou ld  de linea te  th e  boundaries  o f p o te n tia l hazard 
im pacts, fo r exam ple, in u n d a tio n  o f coastal low lands, and in fo rm  au tho ritie s  
on the  like liho od  o f such hazard im pacts  o ccu rring  w ith in  a tim esca le  re l
evan t to  the  ICAM M an ag em en t Plan.
The reco m m en ded  key tasks are to:

HAZARD AWARENESS AND RISK MITIGATION IN ICAM

• define the  geographical lim its o f the  coastal m anagem ent area;
• exam ine the  historical record o f coastal hazard im pact events;
• access in fo rm ation  on hazard origins and propagation  patterns;
• acguire and com pile  data on nearshore bathym etry and coastal topography;
• de term ine the spatial parameters o f hazard im pact -  the  exposure;
• de term ine probabilities for specified hazard scenarios;
• display exposure and p robab ility  results as hazard maps; and
• convey the  results o f hazard assessment to  risk and em ergency managers.

The expected  p rinc ipa l o u tp u ts  fro m  these procedures are:
• hazard maps for specified, credib le hazard scenarios show ing exposure 

parameters o f coastal land affected (inundation limits, run-up, erosion, water 
depths at m axim um  inundation, inundation  and drainage f lo w  velocities.

MEASURING VULNERABILITY

The assessment o f th e  v u ln e ra b ility  o f the  hazard receptors -  th e  coastal 
c o m m u n ity  and its s u p p o rtin g  system s -  is a key pa rt o f the  G uidelines' 
approach (Section 5). Assessm ent o f th e  various d im ensions o f a c o m m u n i
ty 's v u ln e ra b ility  -  th e  peop le , th e ir  physical assets (bu ild ings), econom ies 
and s u p p o rtin g  e n v iro n m e n t -  assists p o lic y  m akers in the  id e n tific a tio n  o f 
critica l areas or weak spots in respect o f hum an security, industria l and u t il i
ties in fra s tru c tu re  and ecosystem  in te g rity . This task m ay be accom pan ied  
by an assessm ent o f de fic ienc ies  in preparedness, an in d ica to r o f in s titu 
tio n a l robustness. Changes over t im e  in the  levels o f v u ln e ra b ility  m ust be 
considered , p a rticu la rly  those caused by land-use, e.g., coastal u rban iza tion  
and e n v iro nm en ta l changes.
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The reco m m en ded  key tasks are to:
• de fine the  geographica l scale and lim its o f the  assessment, considering the 

geograph ica lly de term ined hazard exposure lim its (Section 4);
• de fine the  tem pora l scale o f the  assessment -  th is may be a ro lling scale;
• ga ther geospatia lly referenced data on hum an and social, physical and eco

nom ic, and environm enta l parameters (an asset database) using, e.g., GIS 
techno logy; ga ther data on deficiencies in preparedness;

• translate these data in to  levels o f vu lne rab ility  w ith  regard to  the  exposure 
to  each hazard; assess as separate vu lne rab ility  dim ensions or as aggregated 
vulnerability , taking all d im ensions in to  account.

• assess institu tiona l deficiencies In preparedness, particularly In respect o f 
early w arn ing and im pact response;

• p roduce vu lne rab ility  map(s) and reports for the  designated coastal m an
agem ent area; and

• com m un ica te  the  vu lne rab ility  (includ ing preparedness) assessments to  all 
involved In the  ICAM process.

The expected  p rinc ipa l o u tp u ts  fro m  these procedures are:
an asset database for the  coastal area be ing assessed, vu lne rab ility  maps 

and reports (Including deficiencies in preparedness) produced for the  des
ignated coastal areas, w he the r at the  regional or the local scale, covering 
each o f the  d iffe rent dim ensions o f vu lne rab ility  for each o f the  recognized 
hazards. The maps should cover fu tu re  scenarios as well as existing cond i
tions, taking Into account the  likely effects o f m itiga tion  and em ergency 
preparedness responses. A pre lim inary appraisal o f the  state o f prepared
ness inc lud ing early w arn ing practices, evacuation plans, Search and Rescue 
Operations and risk transfer schemes.

ASSESSING THE RISK

The In teg ra tion  o f th e  hazard p ro b a b ility  and v u ln e ra b ility  (Inc lud ing  p re 
paredness) assessments produces assessments o f the  risks to  th e  various 
c o m m u n ity  d im ensions (hum an and social, physical (bu ild ings) and eco 
no m ic  and en v iro nm en ta l) In respect o f th e  Ide n tified  hazards (Section 6). 
These assessments take in to  a cco un t de fic ienc ies In preparedness at the  
Ins titu tio n a l level.

The reco m m en ded  key tasks are to:
• de fine the  geographical scale and lim its o f the  assessment, using deter

m ined geographical hazard lim its (Section 4);
• de fine the  tem pora l scale o f the  assessment;
• Integrate geospatia lly referenced hazard exposure in fo rm ation  and p rob

abilities w ith  assessed vu lne rab ility  zonation using, e.g., GIS techno logy;
• translate in tegrated hazard and vu lne rab ility  o u tp u t Into levels o f risk for 

each vu lne rab ility  d im ension In respect o f each hazard; assess risk for sepa
rate vu lne rab ility  dim ensions or aggregated, taking all d im ensions and de fi
ciencies In Institutional preparedness in to  account;

• produce risk map(s) fo r the  designated coastal m anagem ent area In respect 
o f selected hazard scenarios;

• analyse and evaluate uncertainties;
• assess fu tu re  risk(s) taking preparedness and m itiga tion  measures Into 

accoun t (sections 7 and 8); and
• com m unicate the results o f the risk assessment to policy- and decision makers.

The expected  p rinc ipa l o u tp u ts  fro m  these procedures are:
• risk maps and reports produced for the  designated coastal areas, w hethe r 

at the  regional or the  local scale, covering each o f the  d iffe rent dim ensions 
o f vu lne rab ility  fo r each o f the  recognized hazards, taking deficiencies in 
preparedness in to  account;

• the  maps should cover fu tu re  scenarios as well as existing conditions, taking 
Into account the likely feedbacks from  enhancing em ergency preparedness 
(Section 7) and strateg ic m itiga tion  (Section 8); and

• effective com m un ica tion  o f the  risk assessment ou tpu ts  to  all levels Involved 
In the  ICAM process. The assessments are vital inputs to  the  po licy-m aking 
process w ith in  ICAM, de te rm in ing  the  nature and level o f response (Man
agem ent Plans) w ith  the  aim o f reducing risk.

ENHANCING AWARENESS AND PREPAREDNESS

The gu idance  in the  m an ag em en t o f the  assessed risks w ith in  the  fra m e 
w o rk  o f ICAM aim s to  enhance p u b lic  awareness o f th e  risks and to  Im prove
th e  resilience o f coastal co m m u n itie s  fo r cop in g  in em e rge ncy  s itua tions  o f
th e  th re a t or im p a c t o f a hazard even t (Section 7).
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The reco m m en ded  key tasks are to:
iden tify  an appropria te early w arn ing  fram ew ork;

• raise awareness o f the  risk at all levels in the  com m un ity ;
• establish the  key operational requirem ents o f the  early w arn ing  system; 

and
prepare all levels o f the  com m u n ity  for em ergency responses.

The expected  p rinc ip a l o u tp u ts  fro m  these procedures are:
• measures fo r education and pub lic  awareness o f risks established;
• an effective, tested, end-to -end  early w arn ing system in place;
• special ta rge t audiences iden tified  and evacuation p lann ing in place and 

tested; and
• adequate capacity established to  carry o u t an integrated, in te r-institu tiona l 

em ergency response, w ith  fun c tiona lity  o f Em ergency O peration Centres 
dem onstrated.

MITIGATING THE RISK

The G uide lines describe  the  o p tio n s  fo r s truc tu ra l and no n -s truc tu ra l 
responses w ith in  th e  fra m e w o rk  o f ICAM fo r the  m itig a tio n  o f th e  assessed 
risks by s tra teg ic  m anagem en t.
Key tasks and goals fo r th e  s tra teg ic  m an ag em en t o f the  perce ived risks 
are to:
• define the  tem pora l and geographica l scales o f the  m anagem ent;
• de term ine the  op tions for strateg ic m itiga tion ;
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• consider the  adop tion  o f a m u lti-p ronged  approach to  the  m anagem ent 
response;

• incorporate o ther ICAM goals in the  response;
• app ly decision-analysis too ls in the  m anagem ent process;
• involve the  pub lic  in the  decision-m aking processes; and
• iden tify  m anagem ent responsibilities and sources o f adequate funding.

The expected  p rinc ip a l o u tp u ts  fro m  these procedures are:
• a po rtfo lio  o f hazard m itiga tion  measures w h ich  are consistent w ith  ICAM 

objectives, and co llective ly can m anage coastal hazards; and
• a long -te rm  plan for the ir im p lem enta tion , inc lud ing  a m on ito ring  p ro

gram m e to  assess the  effectiveness o f the  selected strategy.

W hatever a coastal com m u n ity 's  physical or deve lopm enta l s itua tion , there 
are ways o f reducing risk in respect o f these hazards w h ich  are susta inable and 
can be em bedded  in the  cu ltu re  o f th a t  com m un ity . O f prim e im portance  is 
the  need to  achieve sustained coo rd ina tio n  o f e ffo rt am ong the  m any stake
holders, w h e the r in the  assessment o f risk, the  p lann ing  and im p lem e n ta 
tio n  o f m itig a tio n  measures, or the  em ergency response. The G uidelines are 
in tended  to  fac ilita te  the  ach ievem en t o f th is ob jective , by p ro m o tin g  the  
m ainstream ing o f hazard awareness and risk m itig a tio n  w ith in  ICAM. The suc
cessful app lica tion  o f these processes, w h e the r in p lann ing  or in em ergency 
response, w ill depend above all on the  effective opera tiona l coo rd ina tion  
and coope ra tion  o f the  m any parties involved.
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^ IN T R O D U C T IO N

TO WHOM ARE THESE GUIDELINES TARGETED?

These guidelines have been prepared for use by national and local governm ents 
whose jurisdiction includes coastal areas. They are also relevant to  a w ide range 
o f other coastal stakeholders. They aim to facilitate the reduction o f the risks to 
coastal com m unities, their infrastructure and associated ecosystems due to  tsu
namis, storm surges and other coastal hazards. The Guidelines are a response to 
the needs expressed by IOC M em ber States (MS) to  enhance awareness o f these 
hazards; to  im prove the ability o f MS to  assess the risks; and to  provide MS w ith  
recom m endations o f best practice in the m anagem ent o f the risks w ith in  the 
fram ework o f Integrated Coastal Area M anagem ent (ICAM).

WHAT IS ICAM?

ICAM is a multi-phased process tha t unites governm ent and the com m unity, 
science and managem ent, and sectoral and public interests in preparing and 
im plem enting an integrated plan for the developm ent and protection o f coastal 
ecosystems and resources (figs 1.1, 1.2 and see Section 2). C ontributing to  the 
sustainable developm ent o f coastal areas, its goals include the protection o f pub
lic safety, land-use planning, the stewardship o f resources, the prom otion o f eco
nom ic developm ent and conflic t resolution between the various stakeholders. 
ICAM is functionally the same as ICZM (Integrated Coastal Zone Management) 
and ICM (Integrated Coastal Management). IOC publications relating to  ICAM are 
listed in Section 2.5.

The general elements o f the ICAM process are illustrated in Fig. 1.1. While different 
models have been developed to  illustrate the cyclic, adaptive process o f ICAM

through a num ber o f steps, it is generally recognized that this process involves 
three main phases, each w ith  individual steps, the seguence o f w h ich may vary, 
depending on the characteristics o f the m anagem ent area. These phases can be 
characterized as (1) prelim inary identification o f issues and conditions, (2) prepara
tion  o f the m anagem ent process and plans, and (3) im p lem entation and adaptive 
m anagem ent.To these, a fourth  phase can be added dealing w ith  consolidation, 
replication and expansion o f an ICAM initiative.

WHAT HAZARDS ARE COVERED BY THESE GUIDELINES?

The hazards covered in this guidance (see Section 3) range from  tsunamis, w ith  
inevitable though unpredictable, possibly catastrophic impacts and warning lead 
tim es as short as minutes, to coastal erosion and sea-level rise, whose progressive 
or cum ulative impacts may be apparent on ly on decadal timescales. Also included 
are storm  surges and the ir atm ospheric forcing (tropical cyclones and extra-tropi
cal storms), and extreme w ind-forced waves. Hazards relating to  marine water 
guality -  high sea-surface temperatures, harmful algal bloom s and oil spills are 
no t included. In these guidelines, the hazards covered are all physical hazards and 
are referred to  generically by the term  "coastal hazards".

WHAT ARE THE OVERALL AIMS OF THESE GUIDELINES?

The Guidelines aim to  prom ote ways w ith in  the fram ework o f ICAM in which 
national and local authorities can prepare for, and respond to, these hazards w ith  
a planned and coordinated approach am ong the many agencies and other orga
nizations involved. They aim to  assist MS in m inim izing the risk to  the ir coastal
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com m unities, infrastructure and service-providing ecosystems through consulta
tion, coordination and cooperation am ong all stakeholders w ith  coastal hazard 
mandates. Their goal is a raised level o f awareness o f the hazards and the ir associ
ated risks am ongst stakeholders and the "mainstreaming" o f these hazards and 
risks in em ergency and strategic planning in order to  enhance hazards resiliency 
and create more hazard-resilient communities. In accordance w ith  "Words into 
Action: A Guide for Im plem enting the Hyogo Framework" (UN/ISDR, 2007), they 
aim to  prom ote am ong people, their leaders and decision makers an acceptance 
o f the value o f m anaging these hazards to  reduce the risks o f future losses. The 
im plem entation o f the Guidelines w ith in  MS is expected to  lead to  an increased 
resilience to  hazard events. In particular, it should prom ote the institutional capac
ity for em ergency preparedness and response.

WHY IMPROVE COASTAL HAZARD AWARENESS?

Experience over recent years o f the impacts o f coastal hazards, in developed 
and developing countries alike, has shown tha t inadeguate preparation for, and 
response to, em ergency situations have contribu ted to  widespread damage and 
the avoidable loss o f lives and livelihoods. In some instances these shortcom ings 
have been due to  a lack o f w arning through poor regional detection and com 
m unication systems. But in many cases, they have reflected inadeguate aware
ness, planning and coordination on the part o f national and local authorities and 
agencies. These guidelines present practices that, if im p lem ented by policy mak
ers, address these shortcomings.
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WHY PROMOTE HAZARD AWARENESS W ITHIN  THE ICAM PROCESS?

The ICAM process prom otes an Integrated plan for the protection and develop
m ent o f coastal resources. The Guidelines assess how  hazard awareness and m iti
gation can be Integrated effectively w ith  other ICAM m anagem ent efforts, e.g., 
taking Into account the regulrements and constraints o f marine and terrestrial 
spatial planning In coastal areas. They consider the potential societal and eco
nom ic benefits o f risk m anagem ent and vulnerability reduction w ith in  ICAM, both 
In the short term  for em ergency preparedness and response, and, over the lon
ger term, for prevention and sustainable coastal land use and developm ent. The 
present global dem ographic trend o f population Increase w ith in  the coastal zone 
will continue to add to  the pressures on coastal land use. The grow th o f coastal 
megacltles Is a particular concern, w ith  the expansion o f urban com m unities Into 
hazard-prone coastal areas.

HOW CAN HAZARD-RELATED RISK ASSESSMENT BE IMPROVED?

The Guidelines seek to  facilitate the practical and realistic assessment o f risk by 
M em ber States In respect o f the range o f hazards, then present achievable and 
sustainable strategies for the m anagem ent o f th a t  risk w ith in  the ICAM process. 
They address the procedures for assessing the probabilities o f coastal hazard 
events (Section 4). These procedures take Into account the hazard events' loca
tions, their freguencles and magnitudes, and pathways tha t may m odify their 
magnitude. The assessment o f hazard pathways or local physiographic factors, for 
example, may delineate the boundaries o f potential hazard Impacts and Inform 
authorities on priorities for m itigation. Alternatively It may Indicate w hether action 
Is needed at all, thus help ing authorities to focus response resources on the most 
critical coastal areas and their communities.

The assessment o f the vulnerability o f hazard receptors Is a key part o f the Guide
lines'approach (Section 5). Assessment o f the various dimensions o f a com m un i
ty's vulnerability -  people, econom ic Infrastructure, ecosystems and Institutions 
-  assists policy makers In the Identification o f the m ost critical areas or weak 
spots In respect o f human security, Industrial and utilities Infrastructure, ecosys
tem  Integrity and the robustness o f governance. Changes over tim e In the levels 
o f vulnerability are addressed, particularly those caused by land use, e.g. coastal 
urbanization or environmental changes. The Integration o f hazard and vulnerabil
ity assessments lead to  risk assessments (Section 6) which Inform the policy- and 
decision-making processes, leading to the m anagem ent o f those risks w ith in  an 
ICAM M anagem ent Plan (Section 2.2).

In addition to  the recom m endations Included In these ICAM-related guidelines, 
readers are referred to  com panion guidelines produced specifically for tsunami 
risk assessment and m anagem ent In the Indian Ocean region, as part o f the 
developm ent o f the Indian Ocean Tsunami Warning and M itigation System (IOC 
Manuals and Guides No. 52; UNESCO, 2009).

WHAT ARE THE OPTIONS FOR MANAGING THE ASSESSED RISK?

Guidance In the m anagem ent o f the assessed risks w ith in  the fram ework o f ICAM 
will prom ote tw o  broad objectives. These are: the developm ent o f resilience In 
coastal com m unities for coping In em ergency situations (Section 7) and the 
reduction or m itigation o f risk through strategic m anagem ent (Section 8).

The treatm ent o f coping strategies covers Issues o f public awareness and emer
gency preparedness, Including criteria for warning systems, evacuation plans and 
standard operating procedures for utility  and civil protection organizations. The 
Guidelines cover the transmission o f warnings to  end-users. They aim to  prom ote 
com m unications synergy w ith  other early detection and warning centres and 
em ergency com m unications networks, as well as com patib ility  w ith  other emer
gency services, bo th nationally and Internationally. They emphasize the regulre- 
m ent for awareness and education as cost-effective means o f m inim izing hazard- 
related risks.

The recom m endations for best practice In m itigation cover the principles o f hard 
and soft engineering responses to potential hazard Impacts aimed at reducing 
exposure; also non-structural, adaptive actions Including the rehabilitation and, 
where appropriate, the relocation o f vulnerable com m unities and key Infrastruc
ture facilities, land-use planning and Im plem entation, and tools such as build ing 
code regulation and the role o f Insurance as a financial Instrum ent In coastal land 
use and developm ent. Coastal land-use planning Is a key com ponent o f ICAM. 
There are many ways In which risk can be reduced by effective and appropri
ate land use. This applies to  all the hazard events dealt w ith  In these guidelines, 
bo th the catastrophic Inundation events caused by tsunamis, storm  surges and 
Its atm ospheric forcing (e.g. tropical cyclones) and extreme wind-forced waves 
(w ith or w ith o u t land-water floods), and the long-term , progressive or creeping 
processes o f coastal erosion and sea-level rise. The developm ent o f residential 
areas and utility  Infrastructure, for example, beyond Inundation zones or away 
from  land prone to  coastal erosion Is an obvious Ideal for which to  strive. But some 
authorities and com m unities may have no alternative bu t to  occupy land prone to
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inundation. For such cases, the Guidelines aim to  provide advice on risk reduction 
through protection and accom m odation, for example, through the construction 
o f engineered defences or em ergency refuges.

HOW CAN HAZARD-RELATED RISK MANAGEMENT BE MORE EFFECTIVE?

The experience o f the responses to  recent coastal hazard events and their ensu
ing disasters, notably the Indian Ocean tsunami o f 2004 and the storm surges 
associated w ith  Hurricane Katrina in 2005 and Cyclone Nargis in 2008, has high
lighted a lack o f knowledge o f hazards and a poor awareness o f vulnerability. Also, 
it has h igh lighted dysfunctional institutional structures and systems which have 
hindered the translation o f such know ledge and awareness as does exist in to 
responses tha t are effective in reducing risk. These shortcom ings apply no t on ly to 
the developm ent o f preparedness and em ergency response procedures bu t also 
to  the ways in w h ich coastal com m unities could, through im proved governance 
w ith in  the ICAM framework, reduce the ir ow n exposure and vulnerability to  the 
hazards by strategic m itigation measures.
To be successful, the m anagem ent o f the risks demands levels o f cooperation 
and coordination between all the involved agencies which are d ifficu lt to achieve, 
even in developed countries. The Guidelines recognize the problem s o f coordina
tion  at all levels in the warning and response systems. Particular attention is paid 
to  the mechanisms o f coordination am ong the national and local authorities and 
their com ponent organizations involved in the various aspects o f hazard-related 
risk assessment and managem ent, w hether for potentia lly catastrophic events or 
long-term , progressive hazard processes.

The practical application o f risk know ledge in actions for risk reduction may be 
im proved by strengthening the involvem ent and co-ownership o f the user com 
m un ity  and public in the science research agenda. This helps to  establish the cred
ibility, legitim acy and relevance o f the research-based know ledge ou tpu t among 
practitioners, and to  lower the barriers to  the take-up o f assessment find ings by 
policy makers. The successful application o f the risk assessments may be im peded 
by a lack o f political com m itm ent, bu t here, also, the ICAM process may help to 
resolve such institutional barriers to  the application o f successful risk reduction 
measures.

Civil protection em ergency response and relief procedures are already well estab
lished in many countries, particularly where natural hazard events are the norm. 
Intergovernm ental relief organizations such as the United Nations International

Strategy for Disaster Reduction (UN/ISDR) also have well-tried procedures tha t are 
appropriate to  natural hazard impacts in developing countries. These guidelines 
draw from  these established practices, bu t m odify or supplem ent such proce
dures in order to address the specific circumstances o f coastal hazard impacts.

Whatever the level o f risk, there is likely to  be some potential for risk reduction, the 
overarching objective o f these guidelines. Programmes o f preparedness includ
ing public awareness, evacuation exercises and education aimed at im proving 
com m un ity  resilience may be some o f the m ost cost-effective m anagem ent 
responses, particularly in developing countries. However, it may be d ifficu lt to  sus
tain credib ility and com m itm ent am ongst stakeholders where the return periods 
o f dam aging hazard events stretch beyond the span o f living memory. Such situ
ations are especially problem atic for coastal management. Coastal com m unities 
may be reluctant to  forgo w hat they perceive as assured livelihoods in hazard- 
prone areas on account o f a threat o f hazard impacts which may no t recur even 
over several generations.

Whatever the coastal com m unities'physical or developm ental situation, there are 
ways o f reducing risk in respect o f these hazards which are sustainable and can 
be em bedded in the culture o f those communities. O f prim e im portance is the 
need to  achieve sustained coordination o f e ffort am ong the many stakeholders, 
w hether in the assessment o f risk, the planning and im plem entation o f m itigation 
measures, or the em ergency response. The Guidelines are intended to  prom ote 
and facilitate this objective, by prom oting the mainstreaming o f hazard awareness 
and risk m itigation w ith in  ICAM. The successful application o f these processes, 
w hether in planning or in em ergency response, will depend above all on the 
effective operational coordination and cooperation o f the many parties involved.

GUIDE FOR READERS

The Guidelines are presented as a seguence o f procedures for consideration by 
coastal managers, policy- and decision makers. This seguence and its feedback 
possibilities are illustrated in Fig. 1.2.

Following this Introduction, Section 2 describes the full fram ework o f the ICAM 
process and indicates the way in which the assessment and m itigation o f coastal 
hazards and risks may be em bedded in tha t process. The Section presents the four 
phases o f ICAM, each w ith  its respective procedural steps. Each step is described, 
including its purpose, its key considerations, the challenges tha t it poses and its
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EXECUTIVE SUMMARY

SECTION 1 INTRODUCTION 

SECTION 2 THE ICAM CONTEXT 

SECTION 3 THE HAZARDS DESCRIBED

anticipated outputs. It then elaborates on key steps included in the phases o f 
the ICAM process: I -  Preliminary Identification; II -  Preparation o f Plans in ICAM; 
III Im plem entation and IV Consolidation/Replication/Expansion.

Section 3 describes the coastal hazards covered. Section 4 provides guidance 
on the identification o f baseline and background data on the hazards and 
describes procedures for hazard assessment, m onitoring and forecasting. These 
procedures relate to  Step 2 o f the "Preliminary Identification" phase (I) o f the 
ICAM process (Fig. 1.1).

Sections 5 and 6 relate to  Step 1 o f the "Preparation o f Plans w ith in  ICAM" phase 
(II), in w h ich social and environm ental assessments are carried out. Section 5 
addresses the subject o f the vulnerability o f coastal com m unities exposed to 
the hazards, exploring the various dimensions o f tha t vulnerability and provid
ing inform ation on the procedures for making vulnerability assessments. Sec
tion 6 sets ou t the procedure for assessing the risks by integrating the data from  
the hazard and vulnerability assessments and considers the incorporation o f 
those assessments in the M anagem ent Plan.

Sections 7 and 8 relate mainly to  the "Im plem entation" phase (III), although 
w ith  extension in to Phase IV (Consolidation/Replication/Expansion). Section 7 
addresses the developm ent and maintenance o f awareness of, and em ergency 
preparedness for, rapid-onset hazards, w ith  the aim o f reducing the risks tha t 
they pose. Section 8 describes the options for strategic risk m itigation responses 
to all o f the coastal hazards, including those creeping hazards which act pro
gressively over the long term. It also describes, w ith  the assistance o f décision- 
support tools, the w ide-ranging possibilities for risk reduction through measures 
such as land-use planning and regulation.

Data reguirements, in form ation sources and selected bibliographies are given 
as appropriate at the end o f each section. A more comprehensive bibliography 
follows Section 8. Sections 4 -8  each include a text box in a ligh t blue tone high
lighting the key procedural tasks for the respective sections. Text boxes specially 
prepared by the principal and con tribu ting  authors, illustrating aspects and 
applications o f the Guidelines procedures, are shown in a green tone. Text boxes 
w ith  supplem entary inform ation are shown in a yellow  tone.

ICAM PHASE I ICAM PHASE ICAM PHASE ICAM PHASE IV

SECTION 6
Assessing 
the risk

SECTION 5
Measuring
vu lnerability

SECTION 8
M itigating  the risk

SECTION 4
Identifying
and
guantify ing 
the hazards

General bibliography, acronyms and abbreviations, glossary

SECTION 7
Enhancing awareness 
and preparedness

Fig. 1.2. The relationship o f  the Guidelines'sections to four phases o f  ICAM. 
Linkages (solid lines) and feedbacks (pecked lines) between Section topics; 
MAN. PLAN = M anagem entplan.
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^ ^ T H E  ICAM CONTEXT

This section describes the multi-phase ICAM process as it relates to  the integration o f awareness and risk m itigation 
in respect o f the coastal hazards covered by these guidelines

2.1 PHASE I -  PRELIMINARY IDENTIFICATION

Purpose
Identify  an existing ICAM or o ther applicab le fram ew ork where coastal hazard 
m anagem ent goals and objectives could be Incorporated. Identify background 
data on coastal hazards and drivers th a t can be used to  p rom ote  effective 
coastal hazard m anagem ent.

Key considerations
Phase I usually consists o f tw o  steps:
• Identify ing an ICAM fram ew ork; and
• Identify ing background or baseline data.
The fo llow ing  specific guestlons should be asked during this phase.

Step 1 -  ICAM Framework:
Is there a coastal m anagement programme or plan in place tha t could be m odi
fied to incorporate coastal hazard management goals and objectives?
The ICAM process prom otes an Integrated plan for the  p ro tection  and devel
o p m e n t o f coastal resources. Identify ing suitable p lanning mechanism s where

coastal hazards can be Incorporated to  achieve an "Integrated plan" Is an essen
tial firs t step. A region does no t have to  have a form al ICAM program m e In 
place to  successfully Integrate coastal hazard m anagem ent Into the ir coastal 
planning processes. O ther existing p lanning docum ents such as land-use plans, 
em ergency response plans and o ther deve lopm en t plans can also be m odified 
to  consider coastal hazard Im pacts In a m ore com prehensive and Integrated 
m anner -  the  essence o f ICAM.

Are there external drivers to prom ote coastal hazard management?
External drivers can Include International, national or regional directives related 
to  coastal m anagem ent. External drivers can also Include a recent "focusing 
event" such as a s ign ificant storm  event tha t raises the  awareness o f coastal 
hazards and the need to  develop effective m anagem ent plans and policies 
to  m in im ize fu tu re  hazard Impacts. Identify ing external drivers like these can 
help shape the  coastal hazard m anagem ent approach and gain sup po rt for 
In tegrating coastal hazards w ith in  existing p lanning processes. An exam ple o f 
an external driver Is the  European Union's recently adop ted Floods D irective 
(see boxes 2.1 and 6.3).
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im xm iThe European Union Floods Directive

The European Union Directive 2007/60/EC on the  assessment and m anage
m en t o f flood  risks entered in to  force on 26 Novem ber 2007. This D irective 
requires EU M em ber States to  assess w he the r w ater courses and coastlines 
are at risk from  flood ing , to  m ap the flood  extent and assets and hum ans at 
risk in these areas, and to  take adequate and coord inated measures to  reduce

this flood  risk. This D irective also reinforces the  rights o f the  pub lic  to  access 
th is in fo rm ation  and to  have a say in the  planning process.

More in fo rm ation  is available at: (h ttp ://e c .e u ro pa .eu /env iron m e n t/w a te r/ 
flood_risk/index.h tm )

BOX 2.2 Coastal Zone M anagem ent Act promotes hazards m anagem ent in the United States

In the  U n ited States, the  Coastal Zone M anagem en t A ct (CZMA) calls for all 
coastal states to  'm in im ize  the  loss o f life and p ro p e rty  caused by im p rope r 
d e ve lopm e n t in flood -p rone , s torm  surge, geo log ica l hazard, and erosion- 
prone areas and in areas likely to  be affected by or vu lne rab le  to  sea level 
rise, land subsidence, and sa ltw ater in trus ion , and by the  des truc tion  o f 
natural p ro tec tive  features such as beaches, dunes, w etlands, and barrier 
islands, m in im ize loss o f life and p ro pe rty  caused by erosion and sea level rise 
w h ile  co n tin u in g  to  p ro te c t our natural coastal resources'(CZM A 16 U.S.C. 
§ 1452(2)(B)). Since its in cep tion  in 1972, the  CZMA has been an im p o rta n t

driver p ro m o tin g  coastal hazard m anagem en t at the  state and local level. 
A fte r hurricanes Katrina and Rita struck the  G ulf o f  M exico coast in 2005, 
there  has been a renew ed national focus on coastal hazard m anagem en t 
and resiliency, as the  c o u n try  is rem inded o f the  devastation coastal hazards 
can have and the  im portance  o f advanced p lanning.

More in fo rm ation  is available at: (h ttp ://coasta lm anagem ent.noaa .gov/czm / 
czm _act.h tm l)

Is there public and po litica l awareness o f coastal hazards?
There is a strong im perative to  im prove awareness o f coastal hazards. The 
im pacts o f these hazards are increasing due to  m any factors, such as increas
ing popu la tion , changes in coastal land use, losses o f natural coastal pro tec
tion  th rou gh  hum an in te rven tion , and changes in rivers and the ir catchments. 
A tte m p tin g  to  m ove forw ard w ith  the incorpora tion  o f coastal hazard m anage
m en t in to  existing coastal m anagem ent or p lanning processes w ith o u t strong 
po litica l and pub lic  sup po rt can be very d ifficu lt. Identify ing where additional 
outreach and education is needed up -fron t is key to  the success o f this p ro
cess (see also Section 7 for a m ore in -dep th  discussion on outreach and aware
ness campaigns). The U.S. Coastal Zone M anagem ent A ct (see Box 2.2) and the 
Mediterranean Protocol on Integrated Coastal Zone M anagem ent (Box 2.3) are 
steps in the  p rom otion  o f hazard m anagem ent th rou gh  po litica l awareness.

Step 2 -  Background or baseline data
What historical and baseline data are available on coastal hazards, including  
data on socio-economic and environmental impacts?

Before po licy makers can em bark on Phase II, it is critical to  iden tify  and co llect 
as m uch available baseline data related to  coastal hazards w ith in  the  region o f 
in terest as possible. These data can include historical shoreline change data, 
frequency and severity o f past hazard events, coastal popu la tion , econom ic 
productiv ity , critical infrastructure, etc. For a fu ller descrip tion o f data require
m ents and sources see sections 4.8 and 5.9.

Challenges
Key challenges to  the  p re lim ina ry  id en tifica tion  phase can inc lude the  fo l
low ing:
• There may be a lack o f existing drivers tha t resonate w ith  the com m u n ity  

and w ill m otiva te  them  to  im prove hazard m anagem ent planning.
• There may be a lack o f an existing ICAM or sim ilar process to  incorporate 

coastal hazard m anagem ent elements.
• There may be a lack o f pub lic  and po litica l awareness o f coastal hazards and 

the ir po tentia l impacts.
• Baseline in fo rm ation  on coastal hazards may be lacking.

17

http://ec.europa.eu/environment/water/
http://coastalmanagement.noaa.gov/czm/


THE ICAM CONTEXT HAZARD AWARENESS AND RISK MITIGATION IN ICAM

O utputsand  results
Key ou tpu ts  and results associated w ith  this phase may include:
• iden tified external drivers to  m otiva te  the  co m m u n ity  to  develop or m od ify  

a plan to  address coastal hazards;
• iden tified  ICAM or o ther p lann ing  m echanism  th a t can address coastal 

hazards;
• assessment o f the level o f pub lic  and politica l awareness o f coastal hazards; 

and
• assessment o f the  baseline data available on coastal hazards.

2.2  PHASE II -  PREPARATION OF PLANS IN ICAM  

Purpose
Preparation o f plans fo r coastal hazard m anagem ent goals and objectives as 
part o f ICAM refers to  the deve lopm en t o f goals, ob jectives and policies, and 
the  selection o f concrete strategies and sets o f actions to  produce the  desired 
m ix o f goods and services from  the coastal area over tim e. It Is a decision-m ak
ing step Involving the  ab ility  to  antic ipate fu tu re  events, a capab ility  for analyz
ing and evaluating situations, and a capacity for Innovative th ink ing  to  derive 
satisfactory solutions.

Key considerations
Phase II usually consists o f three steps:

• social and environm enta l assessments th rou gh  analysis and forecasting;
• de fin lton  o f goals, strategies, and deve lopm en t o f desirable and possible 

scenarios, Identification o f Institutional, social and environm enta l cond i
tions, resources and data available; and

• preparation o f the  m anagem ent plan based on ICAM principles, goals and 
objectives.

Step 1 -  Social and environmental assessments
The goal o f the  first step -  the assessments -  Is to  provide an analytical basis 
for the  estab lishm ent o f goals and objectives and de fin ition  o f m anagem ent 
strategies for sustainable deve lopm en t In the  coastal area. This stage Is s trong ly 
Issue-oriented and no t necessarily aim ed at p roducing a detailed diagnostic. 
The procedures for assessing vu lne rab ility  and risk are described In sections 5 
and 6. The fo llow ing  guestlon Is Im portant.
Are the physical and socio-econom ic aspects related to coastal hazards Included In 
the ICAM plans and regularly assessed1
Vulnerabilities and risks In respect o f coastal hazards should be de term ined 
th rou gh  vu lne rab ility  assessment and risk assessment studies. These studies 
should analyse physical and socio-econom ic aspects o f the  vu lnerabilities and 
risks. It Is also critical to  assess the  level o f awareness o f the  coastal popu la 
tion  and decision makers on the  risks associated w ith  the hazards, as well as 
the  Im pacts these hazards may have upon hum an life and econom ic resources 
over a long tim efram e.

Mediterranean Protocol on Integrated Coastal Zone Managem entBOX 2.3

C ountries have sta rted  to  cons ider th e  Issue o f coastal hazards and risks 
as an em erg ing  one In ICAM. A ve ry  pos itive  exam ple  sho w in g  respon
sib le  behav iou r Is com in g  fro m  th e  M ed ite rranean, w here  In January 2008 
cou n trie s  ad op te d  and signed a P rotocol on In teg ra ted  Coastal Zone M an
agem ent. This Is the  firs t exam ple In th e  w o rld  o f th e  reg ional leg is la tion  
on ICAM. O nce the  P rotocol Is ra tified, th e  M ed ite rranean cou n trie s  w ill 
have to  ad jus t th e ir  na tiona l leg is la tion  acco rd ing ly . In th e  P rotocol, the re  
Is a spec ific  pa rt (IV) dea ling  w ith  risks a ffec tin g  th e  coastal zone. A r t i
cle 22 o f th e  Protocol, w h ich  relates to  natural coastal hazards and risks,

states: 'W ith in  th e  fra m e w o rk  o f na tiona l s tra teg ies fo r In teg ra ted  coastal 
zone m anagem en t, the  Parties shall de ve lop  po lic ies  fo r th e  p re ven tion  o f 
na tura l hazards. To th is  end, th e y  shall unde rtake  v u ln e ra b ility  and hazard 
assessments o f coastal zones and take p re ven tion , m itig a tio n  and adap ta 
t io n  measures to  address th e  effects o f na tura l disasters, In pa rticu la r o f 
c lim a te  change.'

More In form ation Is available at: (h ttp ://w w w .pap-thecoas tcen tre .o rg /razno / 
PROTOCOL%20ENG%20IN%20FINAL%20FORMAT.pdf)

18

http://www.pap-thecoastcentre.org/razno/


HAZARD AWARENESS AND RISK MITIGATION IN ICAM THE ICAM CONTEXT

Step 2 - Scenarios
The purpose o f the second, prospective, step is to provide basic direction fo r 
coastal sustainable development. Some key questions in this step follow.

Have different options fo r the impacts o f the coastal hazards been considered?
O nce th e  coastal hazards and risks in th e  respective coastal area are id e n ti
fied , th e  p ro je c tio n  o f th e ir im pacts  on the  coastal area shou ld  be made. 
These im pacts  are the n  analyzed in a w id e r c o n te x t o f the  fo recast o f fu tu re  
dem and fo r goods and services fro m  coastal resources. Then the  a lte rna tive  
cross-sectoral scenarios are prepared. The scenarios cha rt th e  a lte rna tive  
courses o f ac tion  based on po te n tia l changes in p o p u la tio n , land-use s truc
ture, u rban isa tion , in fras tructu re , conserva tion , eco n o m ic  activ ities, and 
o th e r aspects o f coastal d e ve lopm e n t. The scenarios have to  be eva luated 
against a n u m b e r o f criteria , one o f w h ich  is re lated to  coastal hazards and 
risks (see S ection 6). This stage is an ite ra tive  one, because the  gene ra tion  
o f coastal d e v e lo p m e n t scenarios is run in paralle l and in in te rre la tio n sh ip  
w ith  the  d e fin itio n  o f goals and ob jectives. Goals are general d e v e lo p m e n t 
and e n v iro nm en ta l gu id e line s  th a t shou ld  be fo llo w e d  in th e  course o f the  
ICAM process.

Are stakeholders being involved in the decision-making process fo ra  m anage
m entp lan  including coastal hazards?
Public pa rtic ip a tion  in goal fo rm u la tio n  is essential in the ir realization. Since 
goals secure the  stra teg ic  gu idance  o f the  process, it is im p o rta n t th a t they  
are presented clearly and exp lic itly , and th a t the y  are n o t con trad ic to ry. Goals 
can be broken do w n  in to  a num be r o f com p a tib le  ob jectives. The ob jectives 
should be opera tiona l, in a gu an tita tive  fo rm  w here  possible, and should be 
sho rt te rm  com pared w ith  the  longe r-te rm  tim e  horizon o f the  goals. Goals 
and ob jectives related to  hazards and risks shou ld  be in tegra ted  w ith  o the r 
coastal de ve lo p m e n t goals and objectives. The need fo r m itig a tio n  o f the ir 
eventual im pacts on coastal econom ic  sectors (fisheries, tou rism , sh ipp ing , 
industry, urban isation, etc.) should be clearly stated (see Section 8).

Step 3 -  Managem ent Plan
The goal o f the  th ird , p lanning, step is the  in tegra tion  o f sectoral and cross-sec
toral m anagem ent strategies and policies. This step is based on the  existence 
o f a high level o f in te rd e p e n d e n ce  am ong these strategies and on the  need 
for the ir im p lem en ta tion  in a coord inated way.

Is there a shared long-term vision fo r the coastal area?
A typ ica l in tegrated strategy should pay a tten tion  to  the  pattern o ffu tu re  activ
ities in the  area once the decision on the  m ost preferable scenario is being 
taken, and indicate the  in tended changes in the  physical, econom ic, social 
and environm enta l life o f the  coastal area as a result o f the im p lem en ta tion  o f 
desired policies. The do cum e n t to  be com p le ted  in this stage m ig h t be called 
the  Integrated Coastal Master Plan (ICMP) or sim ilar plan.

Can adequate human, technical and financial resources concerning coastal 
hazards be mobilized to im plem ent the ICAM plan?
Im p lem en ta tion  o f the ICAM plan reguires considerable institu tional and 
financial resources. The ob jective o f the  ICMP is to  create cond itions for mak
ing operational decisions in the im p lem enta tion  step o f ICAM. The plan p ro
poses, inter alia, concrete operational measures to  m itiga te  the  risks in respect 
o f coastal hazards. These measures may be o fa  strategic nature, such as zoning 
schemes w h ich  indicate, fo r example, evacuation routes and points; econom ic 
incentives and disincentives aim ed at s tim u la ting  the  preferable urbanisation 
patterns; conservation measures aim ed at preserving natural habitats w h ich  
may have a role in coastal defence. They m ay be o f a locational nature, such 
as de fin ition  o f setback lines to  prevent fu tu re  damages to  coastal property; 
or structural measures aim ed at stab ilization o f the  coastline. Im p lem en ta tion  
reguires the  securing, tra in ing  and m aintenance o f adeguate hum an resources 
at bo th  the  m anagem ent and the operational level.

Challenges
Key challenges in the  preparation phase m ay include:
• There may be a lack o f studies on vu lne rab ility  and risk assessments related 

to  sea-level rise and o ther coastal hazards.
• Stakeholders po ten tia lly  affected by coastal hazards may be poorly  repre

sented in the  de fin ition  o f the  ICAM plans goals and objectives.
• There may be no agreed long -te rm  vision for the  coastal zone: changes in 

coastal activities no t forecast in the  ICAM plan.
• M arine-re lated coastal risk may no t be considered in the  regular budgets.
• There may be a lack o f managerial and fie ld  s ta ff trained in coastal hazards 

involved in the  im p lem en ta tion  o f ICAM plans.
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Outputs
• The coastal plans are regularly assessed regarding the  environm enta l and 

socioeconom ic aspects related to  coastal hazards.
• The ICAM plans consider d iffe rent op tions fo r the  coastal hazards Impacts 

under d iffe rent scenarios.
• The ICAM decision-m aking Is open to, and Inclusive of, all stakeholders.
• Regulred expertise on the  assessment o f m arine hazards Is present w ith in  

the Institu tions In charge o f the  ICAM Initiatives.
• Resources aim ed to  reduce the  coastal hazards risk are m ainta ined or 

Increased.
• An Integrated Coastal Master Plan (ICMP) or sim ilar plan has been approved.

2.3  PHASE III- IM P L E M E N T A T IO N

Purpose
The alms o f th is phase Include:
• setting up the  necessary Institutional m echan lsm sfor Incorpora ting Into the 

ICAM process Interests po ten tia lly  affected by coastal hazards;
• Im p lem en ting  the  ICAM plan (or any com parable Instrum ent), Including 

th rough  specific measures and too ls  to  pro tect life and p rope rty  from  the 
hazards; and

• eva luating the  measures Im p lem en ted  and the ir effectiveness In reducing 
the  risks.

Key considerations
Specific Issues to  be addressed du ring  the  Im plem en ta tion  phase o f an ICAM 
process may be considered w ith in  three steps.

Step 1 -  Institutional mechanisms
Are there institu tiona l mechanisms in place tha t a llow  consideration o fh a z - 
ards-related interests?
Due to  Its Intersectoral and m ultid isc ip lina ry  character, the  ICAM process 
Involves a variety o f Institu tions and actors, from  the national to  the local 
level, w ith  som e degree o f responsib ility  over coastal and marine space and 
resources. A generic representation o f typica l roles exerted by d iffe rent govern
m en t agencies Is shown In Table 2.1. The responsibilities o f the  d iffe ren t levels 
o f gove rnm en t In reducing risk from  natural hazards are generally defined by

a legal fram ew ork. As fo r the  coastal hazards addressed by these guidelines 
-  tsunamis, storm  surges, extrem e w ind-fo rced waves, coastal erosion, and sea 
level rise -  national Institu tions norm ally  Involved Include:
• M eteorological Service: w eather forecasts and warnings;
• Seism ology network: seismic measurements;
• O ceanographic network: sea-level measurements;
• Civil Protection: assessment, prevention, and m itiga tion  o f risks; evacuation 

In emergencies;
• Public Works: bu ild ing  and m aintenance o f coastal defences; and
• M in is try  o f Environm ent: m on ito ring  o f relevant phenom ena.

Coord ina tion m ay be facilita ted by a m ulti-sector p la tfo rm  for disaster risk 
reduction. A national po licy fram ew ork fo r disaster risk reduction  should be In 
place tha t Influences plans and activities at d iffe rent adm in istra tive levels, sup
po rted by dedicated and adeguate resources.

The coordination o f d ifferent sectors and administrative actors represents a chal
lenge for the ICAM process: typically, problem s Involve overlap or even com peti
tion  am ong authorities on responsibilities, and gaps In horizontal and vertical 
com m unica tion . This Impedes the sharing o f Inform ation, Im plem enta tion o f 
activities, and m on ito ring  and control. The existence and function ing  o f a coor
d inating or m anagem ent body for all the key agencies Involved In the ICAM pro
cess Is a preregulslte to  Institutional coordination. The existence and function ing  
o f such a body reflect the Interests o f the d ifferent actors w ith  a stake In, and 
Influence on, coastal and marine areas and resources. A coordinating body also 
ensures the representation o f relevant stakeholders and may be charged w ith  
the form ulation and preparation o f ICAM policies, plans and programmes.

It Is therefore Im portan t tha t gove rnm en t agencies In charge o f the prevention 
and m anagem ent o f coastal Inunda tion  and erosion, as well as the  stakehold
ers and Interests th a t m ayb e  affected by such hazards, are represented In ICAM 
coord inating  bodies and mechanisms. One particular goal o f such bodies and 
mechanism s Is to  find  ways to  balance the  com peting  dem ands o f d iffe rent 
users o f the  same spaces and resources. O ften th is w ill Include com prom ise, 
th rou gh  a consensual process, be tw een short- and long-te rm  benefits, such 
as the  regulated use o f the  coastline for leisure, com m ercia l and residential 
purposes and Its conservation In a su ffic ien tly  natural state so as to  m ainta in Its 
service In natural coast pro tection .
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Table 2.1. Coastal m anagem ent issues and corresponding adm inistrative responsibilities. Principle hazard-related issues are highlighted. (Adapted from  Pavasovic, 1995).

National SubnationalG overnm ent 
"N . Depts

Hydr.
Service

Harbour
O ffice

Local
Health
Units

Civil
Protect.

M eteorol.
O ffice

Min.
Interior

M in istry
Defence

M in istry
Mer.
Mar.

M in is try
Environ.

Min.
S&T

M in istry 
P. Works

M in istry
Health

M in is try  
Cu Iture

M in is try
Industry

Region Province M unlclp.
Issues

Navigation

Fishing

Harbours

Marinas P Mg

W ater gua llty RM RM M g C

Rural/urban
wastes

C Mg

Industrial wastes

E utrophication P M  Mg

Coastal erosion C Mg

Flood risk MW W  Mg M W  Mg

Tsunamis MW W  Mg M W  Mg

W eather W  Mg M W  Mg

Tourism R Mg

U rbanization C Mg

Parks and P R Mg M g M
reserves

Archaeol. sites M g M

M ilita ry  uses

M app ing P Mg

Offshore
activities

R Mg

C: construc tion  D: defences Mg: m anagem ent M: m o n ito rin g  P: p rog ram m ing  R: regu la tion  W: w arn ing
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BOX 2.4 Building capacity through IOC to arrest degradation of coastal resources

Science-based stra teg ies can de live r im m e d ia te  bene fits  in te rm s o f live li
hoods b u t th e  key to  th e ir  successful d e v e lo p m e n t resides in th e  su p p o rt 
th e y  receive locally. Since d e ve lop ing  states have m any im m e d ia te  p ro b 
lem s to  address, s u p p o rt fo r m arine  sciences research and m o n ito r in g  
rem ains a lo w  p rio rity . IOC is the re fo re  raising awareness o f dec is ion -m ak
ers th a t m arine  sciences are a cos t-e ffec tive  in ves tm en t w o rth y  o f local 
sup po rt. S im u ltaneous ly  IOC is also focus ing  its e ffo rts  to  s tre n g th e n  in s ti
tu tio n a l capacities by trans fe rring  leadership, p ro p o sa l-w ritin g  and te a m 

b u ild in g  skills th a t w ill a llo w  reg ional and na tiona l in s titu tes  to  e ffec tive ly  
n e tw o rk  in addressing local p rob lem s w ith o u t external aid. Such e ffo rts  
cou ld  also spur p a rtic ip a tio n  in addressing the  critica l g loba l m arine cha l
lenges o f th e  21st century.

M ore in fo rm a tio n  is available at: (h t tp ://w w w .io c -c d .o rg /in d e x . 
ph p ? o p tio n = c o m _ c o n te n t& ta s k = v ie w & id = 1 2 & lte m id = 2 8 )

Step 2  -  Implementation
Does specific human/technical capacity exist a t the local level?
Specific expertise is reguired at the  level o f the  agencies in charge o f im p le 
m en ting  the  ICAM initiative, i.e., a su ffic ien t num ber o f s ta ff w ith  adeguate 
experience devoted to  ICAM and, specifically, to  coastal hazards (see Box 2.4).

Is there adequate funding to im plem ent the ICAM plan inclusive o f its provisions 
concerning the hazards?
Adeguate and sustained financial resources need to  be allocated and read
ily available to  sup po rt m anagem ent activities and in te rven tions to  address 
coastal hazards. This entails proper financing and cost evaluation o f relevant 
measures (see Section 8.3), w ith  a clear agreem ent on where the  responsibili
ties for fun d in g  lie. W ho is go ing to  fund what?

Are initiatives being undertaken to raise public awareness o f  the hazards?
In the im p lem en ta tion  o f measures to  address m arine hazards, a crucial role is 
played by educational and awareness program m es tha t raise pub lic  awareness 
o f coastal hazards (see Section 7).

Which mechanisms are in place to implem ent the measures?
A m o n g  th e  m ost-used in s tru m en ts  to  reduce dam age fro m  coastal hazards 
are b u ild in g  setbacks com b in e d  w ith  bu ffe r zones. The tra d itio n a l fu n c tio n  
o f p ro te c tio n  o f b u ild in g s  cou ld  be po s itive ly  co m b in e d  w ith  th e  m a in 
tenance  and crea tion  o f physical space fo r le isure and tou rism  uses w ith  
eco n o m ic  im p lica tions , and the  m a in tenance  or re h a b ilita tio n  o f natural 
de fences such as coastal dunes and veg e ta tio n . The m a in tenance  o f pu b lic

access to  th e  shore can also favour th e  use o f evacua tion  rou tes (see sec
tion s  7 and 8).

Step 3 -  Evaluation
Has the effectiveness o f the measure p u t in place been proven?
To consolidate and replicate the  plan under Phase IV there m ust be evidence o f
chang ing behaviour and reduced risks after the  im p lem enta tion  o f the  plan.

Challenges
Key challenges in the  im p lem en ta tion  o f an ICAM in itia tive may include:
• There may be insuffic ient scientific and technical expertise, as well as techno l

ogy, and an inadeguate link between science, po licy makers and managers.
• There may be lim ited pub lic  awareness and know ledge o f the  potentia l 

dam age from  coastal hazards.
• There m ig h t be a dom inance o f sho rt-te rm  econom ic interests tha t could 

im pede the  acceptance o f measures (e.g., restrictions on bu ild ing  in prox im 
ity o f the  shoreline).

• Enforcem ent may be lax.

O utputsand  results
Key ou tpu ts  and results associated w ith  this phase may include:
• A deguate representation o f interests affected by the  hazards in institu tional 

arrangem ents is ensured (official com position  o f coord inating  bodies).
• Reguired expertise on the  assessment o f the  hazards is present w ith in  the 

institu tions in charge o f the  ICAM in itiatives (staff and external experts, on- 
the -job  tra in ing programmes).
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• Educational program m es and cam paigns to  raise pub lic  awareness o f coastal 
hazards are im p lem ented  (num ber and type o f in itiative, ta rge t populations, 
funds). University and agencies program m es are offic ia lly  incorpora ting  the 
hazard-related risks in the ir curricula.

• Measures w h ich are p u tin  place to  reduce potentia l damage from  the hazards 
(e.g., bu ild ing setbacks) are respected (trends in infringem ents, fines, etc.).

Sections 7 and 8 o f these guidelines deal w ith  key aspects o f the  Im p lem enta
tion  Phase: the  awareness o f the risks and em ergency preparedness; and the 
strategic m itiga tion  o f the  risks. The con ten t o f these sections extends to  cover 
aspects o f Phase IV (figs 1.1 and 1.2).

2 .4  PHASE IV -  CONSOLIDATION/REPLICATION/EXPANSION  

Purpose
The aim o f th is phase is to:
• consolidate the  ICAM plan on a long tim escale by rep licating the  im p lem en

ta tion, taking in to  accoun t the  learned good practices and correcting the 
de tected mistakes;

• incorporate new  know ledge and techno logy  related to  coastal hazards;
• adapt the  plan to  new  situations in con tinua lly  chang ing scenarios.

Key considerations
Specific issues in th is phase may be considered in three steps.

Step 7 -  Consolidation
Is the ICAM process sustainable in the long-term?
It is im p o rtan t to  address the coastal hazards by achieving lo w -im p act m echa
nisms and m oderate m aintenance costs to  be sustainable in the  long term. 
Furtherm ore, regular fund ing , stable institu tional mechanism s as well as long 
term  po litica l com prom ise are necessary.

Have good practice and guidelines been developed to address coastal haz
ards?
Progress can be assessed th rou gh  the  fo llow ing  features:
• good  practice and guidelines for addressing hazards produced;
• m on ito rin g  system should be in place covering:

- sea-level/shoreline change (Global Sea Level O bserving System, GLOSS; 
rem ote sensing)

- evo lu tion  o f shoreline habitats;
• change in coastal uses; and
• indicators reflecting adop tion  o f m itiga tion  measures by the  local popu la

tion  and institutions.

Step 2 -  Replication
Has the ICAM approach been replicated in other parts o f the coastal area?
It is im p o rtan t to  extend the  plans to  ne ighbouring  coastal zones. Coastal haz
ards m ust be addressed taking in to  accoun t the  physical characteristics o f the 
coast and no t the  adm in istra tive and politica l structure o f the coastal zone. 
Plans should be replicated and extended along the  coastal zone (see Box 2.5).

BOX 2.5

In Italy, the  ICAM approach at the  reg ional level has been p ioneered  by 
L iguria Region w ith  th e  Coastal M aster Plan, ad op te d  in the  1990s and 
a p p ly ing  to  a coastal zone de fined  by the  200-m e tre  c o n to u r and the  100- 
m etre  isoba th  in 63 coastal m un ic ip a litie s .T he  Coastal M aster Plan inc ludes 
am ong  its p rio ritie s  the  p ro te c tio n  o f the  shore fro m  coastal erosion and 
beach n o u rish m e n t to  s u p p o rt th e  use o f the  coastal zone fo r tou rism  
and leisure. It relies on the  d iv is ion  o f a u th o r ity  on coastal defence, beach 
no u rishm en t, p ro te c tio n  and obse rva tion  o f th e  m arine and coastal env i
ron m en t, and m aritim e  do m a in  am ong  the  Region, coastal prov inces and 
coastal m un ic ipa lities , unde r th e  general c o o rd in a tio n  o f th e  Region, and

th ro u g h  p lan n in g  in s tru m en ts  at reg ional (coastal spatia l plans), p rov inc ia l 
level (w atershed m an a g e m e n t plans), and m un ic ip a l level (beach plans) 
(Regional Law 28 A pril 1999, No. 13). Such an approach has been p rogres
sive ly ad op te d  by o th e r Ita lian coastal regions, in c lu d in g  Abruzzi,

Emilia Rom agna, Latium , Sicily, and Tuscany.

M ore in fo rm a tio n  is ava ilable at: (h ttp ://w w w .re g io n e .lig u ria .it/M e n u S e z i- 
one.asp?Param etri=4_10_14_1_$4_10_14_1_$P iano_de lla_costa$4_10_ 
14_1_-0$costa1.htm $)

Im plem entation of ICAM in Italy
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Step 3 -  Adaptation and expansion
Has the ICAM plan been revised and adapted to changing conditions?
The coastal zone is con tinuous ly  chang ing because o f trends o f Increasing 
popu la tion  and the  conseguences o f clim ate change. ICAM plans should be 
con tinuous ly  adapted to  the  new  scenarios.

Are local ICAM processes contributing to na tiona l efforts to address the 
hazards?
The m anagem ent o f coastal hazards should be Incorporated In a reg iona l/ 
national strategy tha t should he lp to  sup po rt the  deve lopm en t o f the  plan by 
adeguate means.

Challenges
Key challenges In the  consolida tion o f an ICAM Initia tive may Include:
• Measures to  reduce the  hazard-related risks need to  be effective.
• Risk no t considered In the regular budgets -  there Is no Investm ent In Infra

structure to  prevent or constrain the  hazards.
• The coastal hazard-related threats, vu lnerabilities and politica l clim ate may 

be specific to  each location, so m ay be d ifficu lt to  replicate w ith o u t m od ifi
cation.

• Local governm ents m ay be unw illing  to  adop t land-use measures to  p ro tect 
against hazards w ith o u t strong m andates from  h igher level governm ents.

O utputsand  results
Key ou tpu ts  and results associated w ith  this phase may Include:
• risks In respect o f the  coastal hazards decreased;
• resources aim ed to  reduce the risks are m ainta ined or Increased;
• experience from  the Im plem en ta tion  o f the plan Is distilled Into good  prac

tices and guidance docum ents;
• the  plan Is Increasingly being extended to  ne ighbouring  coastal areas and a 

data and In form ation ne tw ork  Is established; and
• the  percentage o f national coastal area addressing the  coastal hazards In the 

ICAM con text Is Increased.
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^ K T H E  HAZARDS DESCRIBED

The hazards described in these guidelines are o f tw o main types in respect o f their impacts on coastal areas. They 
include those w ith  rapid onsets -  tsuna-mis, storm surges and extreme w ind-forced waves -  and those which occur 
cum ulatively or progres-sively over a much longer timescale (also known as "creeping hazards") -  sea-level rise and 
coastal ero-sion (Table 3.1). This section defines and describes the characteristics o f all these hazards.

3.1 TSUNAMIS

The w ord  "tsunam i"com prises the  Japanese words 
"tsu" (m eaning harbour) and "nam i" (m eaning 
"wave"). A tsunam i is a series o f trave lling  waves o f 
ex trem e ly  long leng th  and period, usually gener

ated by d isturbances associated w ith  earthguakes 
occu rring  be low  or near the  ocean floor. Volcanic 
eruptions, subm arine  landslides, and coastal rock 
falls can also generate tsunam is, as can a large 
asteroid im pacting  the  ocean. The speed o f a tsu
nami's p ropaga tion  is d irec tly  related to  the  dep th

o f w a te r over w h ich  the  wave passes. In the  deep 
ocean, a tsunam i travels at speeds in excess o f 700 
k m /h r and m ay have a w ave leng th  o f several hu n 
dred kilom etres. Fig. 4.2 illustrates the  travel tim es 
o f such p ropagation . The h e ig h t o f a tsunam i in the  
deep ocean is small. In the  Indian Ocean event o f 
2004, the  h e ig h t (peak-to -trough) o f the  tsunam i, 
m easured by sate llite  in the  deep ocean, was on ly  
ab ou t one metre.

W hile som e tsunam is travel over several hours 
across an ocean before im pacting  a shore (far-field 
tsunam is, also know n as te le tsunam is or d is tan t 
tsunam is), those generated from  sources ad jo in 
ing shorelines (near-source or local tsunam is) m ay 
have travel tim es o f on ly  a few  m inu tes before 
the y  im pact.

As a tsunam i enters sha llow  coastal waters, it 
slows dow n , its w ave leng th  shortens and its 
he ig h t increases. The wave energy is com pressed 
in to  a sho rte r distance, creating a series o f p o te n 
tia lly  large waves w ith  speeds o f 30 -80  km /hr. On

Table 3.1 The coastal hazards defined

Hazard Definition

Rapid-onset hazards

Tsunami A series o f ocean waves generated by d isplacem ent o f the  ocean 

floo r from  an earthguake, volcanic event landslide (including 

subm arine landslide) o r large asteroid impact.

Storm surge A tem porary rise in sea level caused by an intense storm  and the 

associated low  barom etric pressure and strong onshore winds.

Extreme w ind-forced

waves

Extreme instances o f waves (sea-state) generated by w inds som e

where in the  ocean, be it locally o r thousands o f kilometres away.

Cumulative, progressive 

or"creeping" hazards

Long-term  sea-level rise Global sea-level rise due to  therm al expansion o f the  oceans and 

the  increased m e lting o f land-based ice.

Coastal erosion A loss o f coastal land, caused by wave action, tida l currents, wave 

currents o r drainage th a t can be enhanced by each o f the  o ther 

hazards.
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Inundation
ne o r

M axim um  
water level

W ater eve at shorehne

SHORELINE

DATUM

DATUM is mean sea level or mean 
low w ater at tim e tsunami attack.

INUNDATION
HORIZONTAL FLOODING

M axim um W ater Level may be located 
at shoreline or the inundation line or 
anywhere in between.

Fig. 3.1 Tsunami im pact a t the coast: an explanation o f  terms.

Source: UNESCO-IOC International Tsunami Information Centre (ITIC) with modification. (http://ioc3.unesco.org/itic/categories.php?category_no=167)

th e ir  im p a c t at the  coast, these waves m ay have 
m ax im um  he igh ts  (pe ak-to -trou gh ) in excess o f 
five  metres. The arrival o f a tsunam i wave at the  
coast m ay be presaged by a fall in coastal sea 
level w h ich  m ay te m p o ra lly  expose an unusual 
expanse o f nearshore seabed.

W hen a tsunam i wave inunda tes a lo w -ly ing  
coastal land area, it creates s trong  landw ard  cu r
rents w h ich  exe rt p o te n tia lly  de s tru c tive  forces 
on an y th in g  in its pa thway. A n y th in g  m oveab le  
m ay becom e en tra ined . F o llow ing  the  peak o f 
th e  in u n d a tio n , its d rai nage fo rm s s trong  seaward 
currents  -  th e  d ra in ing  w ate rs be ing  charged 
w ith  debris  o f all sorts (p o te n tia lly  in c lu d in g  p e o 
ple) th a t m ay be carried far o u t to  sea. Such is the  
fo rce  o f som e tsunam i im pacts, th a t the  in u n d a 
tio n  can reach a h e ig h t above the  w ave h e ig h t 
at th e  shore line . M ore com m o n ly , on f la t g ro un d  
m ax im um  w a te r levels d im in ish  in land, so th a t 
th e  "run -up " at the  in land lim it o f  in u n d a tio n  is 
lo w e r than  the  m ax im um  h e ig h t a tta ined  along 
th e  way. The run -up  is th e  m ax im um  h e ig h t o f 
th e  tsunam i in u n d a tio n  -  th e  d iffe rence  be tw ee n  
th e  e leva tion  o f m ax im um  tsunam i p e ne tra tion  
(the in u n d a tio n  line) and the  m ean sea level at 
th e  tim e  o f th e  tsunam i (Fig. 3.1). O ften  the  ru n 
up can be several tim es larger than  the  tsunam i 
wave he igh t. On steep coasts the  w a te r runs up 
m uch  like th e  swash o f an o rd in a ry  wave on a 
beach.

For a m ore de ta iled  ove rv ie w  o f tsunam is, the  
UNESCO-IOC In te rn a tion a l Tsunam i In fo rm a
tio n  Centre (ITIC) b rochu re  "Tsunam i, The Great 
Waves" and the  "Tsunam i Glossary" are reco m 
m ended  reading (In te rg ove rn m en ta l O ceano
g ra ph ic  C om m ission, 2008a, b).

It is very d iff ic u lt to  a ttr ibu te  a p ro b a b ility  to  a 
tsunam i im p ac t at the  coast. The long intervals 
be tw een events reguire data extend ing  over 
hundreds o f years. W hile databases such as the 
National Oceanic and A tm ospheric  A dm in is tra 
tion  (NO AA)/W orld Data Center (WDC) H istorical 
Tsunami Database (figs 3.2 and 3.3) and the  N ovo
sibirsk Tsunami Labora tory Historical Tsunami 
Database fo r the  W orld Ocean exist (see Section 
3.7), the ir inc luded data range from  h igh gua lity  
ins trum en ta l record ings to  anecdotal observa
tions. Because o f the  lack o f long -te rm , system atic 
observations, it is possible to  ob ta in  on ly  approx i
m ate recurrence intervals. For m ost regions o f the 
w orld , the  cata logues o f tsunam i events cover a 
period o f on ly  300 -500  years. W ith in  the  M ed ite r
ranean Sea and the N o rthw est Pacific regions there 
are o lder dated records. In m any o ther regions 
s ign ifican t events are know n to  have occurred,

m any th ro u g h  the  recogn ition  o f tsunam igen ic  
sand deposits in backshore environm ents, b u t no t 
all have been accurate ly dated, m aking it d iff ic u lt 
to  com p ile  com prehensive  event summaries. The 
regional d is tr ib u tio n  o f these events is sum m a
rized in Table 3.2.

The un ce rta in ty  in eva luating tsunam i coastal 
im pacts can be reduced by exam in ing  the  p roba
bilities o f the  tsunam i source events. Because m ost 
tsunam is are ea rthguake-genera ted, p robab ilis tic  
earthguake hazard stud ies are useful in assessing 
tsunam i hazards. M ost earthguake ac tiv ity  occurs 
along the  sub du c tion  zones be tw een converg ing  
te c to n ic  plates in the  Earth's crust, b u t m any o the r 
areas are also sub ject to  earthguakes w h ich  may 
generate tsunamis.
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Runup Hôiÿht

Fig. 3.2 Distribution o f  verified tsunam i run-ups from  the NOAA/WDC Historical Tsunami Database.

Source: U.S. NGDC. (http://www.ngdc.noaa.gov/hazard/tsu_db.shtml)
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Fig. 3.3 Verified tsunam i sources 2000 B.C-2008 from  the NOAA/WDC Historical Tsunami Database

Source: U.S. NGDC. (http://www.ngdc.noaa.gov/hazard/tsu_db.shtml)
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BOX 3.1

The speed o f a tsunam i is d irectly  related to  the  dep th  o f w ater the wave 
is passing over; it travels at speeds in excess o f 700 km /h r in deep (m id
ocean) water.
In coastal areas, w hen there is strong and pro longed shaking from  an 
earthguake, this is a w arn ing tha t a tsunam i may have been generated.
A sudden low ering o f w ater level at the  shoreline is som etim es the first 
ind ica tion th a t a tsunam i is approaching.
The tsunam i run-up on shore is o ften tw o  to  three tim es higher than the 
nearshore wave height.

The he igh t o f tsunam i run-up can vary s ign ificantly  over distances as short 
as a few  kilom etres along shore.
Tsunamis can propagate around continents, islands (e.g., Sri Lanka in the 
Indian Ocean tsunam i o f 2004), headlands, etc.
A tsunam i event com prises a series o f waves; the firs t wave m ay no t be the 
largest.
W hen a tsunam i inundates low -ly ing  coastal areas, the  force o f the  water 
can destroy bu ild ings and o ther m an-m ade or natural structures; w hen the 
w ater recedes, currents sweep debris and people o u t to  sea.

Tsunami facts

M ost tsunam is large e n ou gh  to  cause coastal 
dam age are de s tru c tive  o n ly  reg iona lly  (dis
tances less than  1000 km) or loca lly  (distances 
less than  100 km). O n ly six tim es  in th e  last 100 
years have earthguakes p roduced  tsunam is 
w h ich  had he igh ts  (pe ak-to -trou gh ) greater 
than  five  m etres at d istances greater than  5000 
kilom etres. These events w ere  the  Kuril Islands 
(1923), A leu tians (1946), Kam chatka (1952), A le u 

tians (1957), Chile (1960) and th e  Ind ian  Ocean 
tsunam i (2004). In the  tw e n tie th  c e n tu ry  the re  
were 925 d o c u m e n te d  tsunam i events w o r ld 
w ide: 296 o f th e  tsunam is (294 occu rring  in the  
Pacific) had m ax im um  recorded coastal he igh ts  
o f one to  five  m etres (ap p ro x im a te ly  2.5 events 
per year) and 95 o f th e m  (78 in the  Pacific) had 
m ax im um  recorded coastal he igh ts  in excess o f 
five  metres.

Tsunamis generated by subaerial or subm arine 
landslides and explosive volcanic eruptions can be 
extrem ely destructive locally (e.g., Krakatau in 1883, 
w ith  36,000 fatalities) bu t do  no t dissem inate m uch 
o f the ir energy far from  the ir sources. Unlike an 
earthguake- or landslide-generated tsunam i, there 
is generally a period o f increased volcanic activ ity  
prior to  the  explosive volcanic eruption, a w arn ing 
o f potentia l tsunam i generation.

BOX 3.2

Even as recen tly  as 20 years ago, th e  im p o rta n ce  o f the  Cascadia S ubduc
tio n  Zone (CSZ) a long the  w est coast o f the  U.S.A. and Canada (40°N - 
50°N) as a tsunam i source reg ion was un recogn ized . T h rough  research o f 
tsunam i events in Japan and tsunam i sed im en ts  on th e  w est coast o f the

U.S.A., it was de te rm in e d  th a t a m ega-tsunam i o rig in a ted  fro m  th e  CSZ 
in January 1700. A d d itio n a l research has n o w  id e n tifie d  e ig h t m ajor CSZ 
events du rin g  the  last 3 000 years (A tw a te r e t al., 2005).

A tsunami source region off north-western America

O n-g o in g  research and be tte r m e a su re m e n tto o ls  
in recent years have enab led  g o v e rn m e n t o rg a n i
za tions and researchers to  id e n tify  m ore h is to r i
cal tsunam i events (Box 3.2). M any o f these are 
sm all events th a t cou ld  n o t be id e n tifie d  in o lde r 
ana logue  records, and, p rio r to  reco rd ing  in s tru 

m ents, cou ld  n o t be id e n tifie d  by visual observa
tion . O f th e  d o cu m e n te d  events, 46% occurred 
in the  tw e n tie th  cen tury , 30% in th e  n in e te e n th  
c e n tu ry  and on ly  24% before tha t. This does no t 
necessarily m ean tsunam is are b e com ing  m ore 
fregu en t. It m eans th a t th e  h is to rica l record o f

tsunam i events g rea tly  underestim ates the  n u m 
ber o f tsunam is  th a t have occurred over the  
last several tho usan d  years. M ost o f th e  largest 
dam ag ing  events have been cap tured , b u t som e 
m odera te  events, capab le  o f be ing  reg iona lly  or 
loca lly  destructive , have not.
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3.2  STORM SURGES

In m ost reg ions o f th e  w o rld , s to rm  surges are 
m ore fre g u e n t than  de s tru c tive  tsunam is and 
thus are a m ore  p re d ic ta b le  coastal hazard. They 
occu r ty p ic a lly  In w in te r, fo rced  by extra -trop ica l 
(ET) storm s, and In sum m er to  early au tum n , by 
trop ica l cyc lones (TC) (Box 3.3). They have the  
greatest Im pac t In sha llow  seas and lo w -ly ing  
coastal areas, w here  th e y  m ay be ve ry  de s tru c 
tive  (Fig. 3.4).

In fo rm a tio n  on th e  g loba l geograph ica l d is tr i
b u tio n  o f trop ica l cyclones, Inc lu d ing  th e ir fre 
quen cy  and In tensity, Is p rov ided  In th e  W M O 
G lobal G uide toT ro p lca l Cyclone Forecasting (see 
Fig. 3.5).

Coastal low lands

HW

Normal tidal 
conditions

Storm  surge 
conditions

nundation of 
coastal lowlands

SURGE LEVEL

Fig. 3.4 Storm surge conditions resulting from  a Tropical Cyclone (TC) or Extra-tropical Storm (ET) compared w ith  
norm al tida l conditions EIW = Etigh Water; LW = Low Water.

BOX 3.3

Tropical cyclones (TCs) are small In geographical extent and very Intense. They 
are characterized by a low  pressure system centre and convection tha t produce 
strong w ind and heavy rain. The rotation o f the Earth Is also Im portant, hence 
they are no t generated In the equatorial be lt - ±5° latitude. They are also able to 
produce high, w ind-forced waves and dam aging storm  surges.TCs develop over 
large bodies o f warm  water and feed on the heat released w hen m oist air rises 
and Its contained water vapour condenses. W hen TCs approach the coast, they 
can produce high flood levels w ith in  a coastal region extending over several 
tens o f kilometres. TCs are known as hurricanes (U.S.A.), typhoons (Northwest 
Pacific; the Japanese refer to  them  also as"reppus"), depressions (Indian Ocean, 
Bay o f Bengal and Arabian Sea), w llll-w lllles (Australia), baguios (Philippines) and 
aslfat (Arabia). Their geograph ica l d is tr ib u tio n  Is show n  In Fig. 3.5.

E xtra-trop ica l (ET) s torm s extend  over hundreds o f k ilom etres around  a 
reg ion  o f ve ry  lo w  a tm osp he ric  pressure. They m ay a ffec t large stre tches o f 
coastline  fo r several days. The largest s to rm  surges occu r w h e n  p ro lo nge d , 
s trong  w inds  b lo w  a long th e  coast and fo rce  w a te r shorew ard  w hen , In the  
n o rth e rn  hem isphere , the  sho re line  Is on th e  r ig h t o f th e  w in d  d ire c tio n  
and, In th e  sou the rn  hem isphere , on th e  left. Due to  the  storm 's long du ra 
tio n , e leva ted w a te r levels are enhanced d u rin g  pe riods o f h igh  tide .

A lice  Soares and Fred S tephenson

Tropical Cyclones and Extra-Tropical Storms
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Fig. 3.5 Global geographical d istribution o f  tropical cyclones (1979-2003) -  (a) freguency; and (b) w ind  sum.

Sources: UNEP/DEWA/GRID-Europe ((a) http://www.grid.unep.ch/data/download/tc_freq.gifand (b) http://www.grid.unep.ch/data/download/tc_wsum.gif)

BOX 3.4

Until recen tly  the  largest s to rm  surge on the  U.S.A. G u lf Coast, w ith  a m axi
m um  surge h e ig h t o f  7 m, was p ro du ced  by H urricane Cam ille in A ug ust 
1969. H urricane Katrina in 2005 p roduced  an 8.2 m s to rm  surge, w h ich  
pene tra ted  up to  10 km in land and up to  20 km a long bays and rivers. 
The w o rs t s to rm  surge, in te rm s o f loss o f life, was the  1970 Bhola cyc lone 
and, in general, the  Bay o f Bengal is pa rticu la rly  p rone  to  s to rm  surges. The

cyclones o f 1970 (Bhola), 1991 (Tropical), 1999 (Orissa) and 2007 (Sidr) are 
som e o f the  exam ples, p ro d u c in g  m ax im um  s to rm  surges o f 7.8, 8.8, 8.1 
and 8.4 m respective ly. Cyclone Nargis (2008) was one o f the  w o rs t cases 
in te rm s o f loss o f life and p ro pe rties  in M yanm ar, a lth o u g h  th e  m ax im um  
recorded surge h e ig h t was around 4 m etres (Fig. 3.6).

Heights of storm surges
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Storm  surges are w id e ly  d is tr ib u te d  g e o g ra p h i
cally, and th e ir am p litu des  and tim es o f occu r
rence vary considerably. In these gu ide lines, a 
s to rm  surge is the  e leva tion  o f w a te r generated 
by w ea the r systems above (or depression be low ) 
the  norm al astronom ica l tide . A s to rm  tide , on 
the  o th e r hand, is the  to ta l e leva tion  (inc lud ing  
the  astronom ica l tide ) above or b e lo w  a standard 
da tum . Extrem e lo w -w a te r surges are know n as 
nega tive  surges, and, w h ile  n o t genera lly  des truc
tive, th e y  can be a nav iga tion  hazard in harbours 
and coastal areas.

The ocean's response to  a w eather system in shal
low  coastal waters is gu ite  d iffe rent to  th a t in the 
deep ocean. W hen a w eather system is m oving 
over a w ater body, there are essentially tw o  forcing 
fie lds -  the  atm ospheric pressure grad ient and the 
stress o f the  w ind  on the  water. In deep waters, far 
from  a coast, the  ro ta tion o f the  earth causes the 
surface w ind  stress from  a w eather system to  create 
a ro ta ting m ound, or vo rtex  o f water. This is pushed 
towards the  coast -  a phenom enon referred to  as 
"w ind set-up" -  causing a p ile -up o f w ater at the 
coast th a t becom es a storm  surge. In deep waters, 
the  increase in ocean surface elevation is due to  
the  hydrostatic up lift in response to  the  low  cen
tral pressure (known as the  "inverted barom eter" 
effect) and is relatively small. As the  w eather sys
tem  approaches a coast, dynam ic effects becom e 
pronounced. Shallow ing local ba thym etry  and 
con tinuous w ind  stress substantia lly am p lify  the 
surge height. Unlike tsunam is or short-w ave length, 
propagating  w ind-waves, a translating surge wave 
does no t break in sha llow  waters.

The size o f a w eathe r system, its transla tion  speed, 
its residence tim e  on the  con tine n ta l she lf and

its track w ith  respect to  the  coast, to g e th e r w ith  
local ba thym e try  and coastal to p o g ra p h y  all play 
s ign ifican t roles in surge genera tion  and the  con- 
seguent f lo o d in g  o f coastal low lands (boxes 3.4 
and 3.5). The case o f Cyclone Nargis and its storm  
surge im p ac t on the  Irraw addy delta area o f M yan
mar serves as an exam ple (Fig. 3.6). The surge usu
ally consists o f a sing le  passing wave th a t elevates 
or depresses (negative surge) the  norm al tide  
he ight. However, because o f its long w ave leng th , 
the  im pact on the  w a te r level can persist fo r sev
eral hours. In som e special s ituations, especially 
fo r cyclones m oving  parallel to  a coast, second
ary waves or resurgences can fo rm  beh ind  the 
m ain surge. A lth o u g h  the re  are several com p lica t
ing factors in association w ith  the  ocean-coastal 
state, the  a m p litu de  o f the  storm  surge is gener
ally inversely p ro po rtiona l to  the  w a te r depth. 
Thus, the  sha llow er the  water, the  greater is the 
surge am p litude . In teractions w ith  tides, river f lo w  
and w ind -fo rced  waves can also m od ify  the  storm  
surge a m p litu de  (see Section 3.6).

Surges can be co m p u te d  d ire c tly  at coastal tide  
gauges (e.g., the  GLOSS sea-level ne tw ork) by 
sub tra c ting  the  p red ic ted  astronom ica l tid e  from  
the  observed w ate r-leve l record. H igh w ate r 
m ark (HWM) surveys are also used to  id e n tify  
and, w here  possible, flag the  in land w a te r levels 
o f s to rm  surges. Ide n tify ing  and gua lify ing  HWM 
and d e te rm in in g  ho w  w e ll these marks represent 
the  peak is o ften  sub jective  and can depend upon 
the  type  o f m ark (e.g., debris, seed, m ud, or stain), 
the  spread or th ickness o f the  mark, and w h e the r 
the  m ark was created in a p ro te c ted  en v iro n 
m en t (such as the  in te rio r wall o f a bu ild in g ), or 
an un p ro te c te d  e n v iro n m e n t (such as an exposed 
b ridg e  p ilin g  or fence post).

Fig. 3.6 Cyclone Nargis storm surge inundation analysis 
map: Myanmar, M ay 2008

Source: U.S. Department o f  Agriculture, Foreign Agricultural Service 
(http://www.pecad.fas.usda.gov/highlights/2008/05/Burma_Cyclone_ 
Nargis_Rice_lmpact.h tm)

3 .3  EXTREME W IND-FORCED WAVES

In con trast w ith  tsunam is and storm  surges, w in d - 
fo rced  waves (usually called 'sea-state' or 'w in d - 
waves') are a lm ost always present at sea. These 
waves, typ ica lly  w ith  periods o f one to  30 seconds, 
are genera ted by w inds  som ew here  in the  ocean, 
be it loca lly  or thousands o f k ilom etres away.

The largest w ind -fo rce d  waves, know n  as swell 
waves, occur typ ica lly  in the  open  ocean. However, 
th e y  can cause s ig n ifica n t dam age to  exposed 
coasts. Fig. 3.7 shows the  January and July c lim a
to lo g y  o f s ig n ifica n t wave h e ig h t (SWH) covering 
the  W orld Ocean from  80°S to  80°N fo r the  period 
1958-2005 (spatial d is tr ib u tio n  o f SWH). In the  
N o rth  A tlan tic  m id -la titudes , the  h ighes t SWH is 
observed in January. In th e  South Ind ian Ocean 
and South Pacific the  h ighes t SWHs are iden tified
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BOX 3.5

The Baltic, being virtually an enclosed sea and 
subject on occasion to  severe storms, is subject to 
large surges. In 1924 St. Petersburg was flooded by 
a surge 4 m high. The North Sea, w ith  its southern 
extrem ity almost closed, responds readily to  north
erly winds; the vulnerable coastlines o f the German 
Bight, eastern England and more particularly the 
Low Countries have been inundated repeatedly 
by great surges. The storm surge o f 1953 resulted 
in many deaths in The Netherlands and England. 
The Hamburg disaster o f 1962 was more localized, 
mainly affecting the German Bight and the River 
Elbe, where the surge reached more than 3 m in 
height.

Storm surges in north-west Europe

in July. Locally, in the  w estern Arabian Sea, h igh 
July values o f SWH were observed. Changes in 
w in d  pa tte rns as a pa rt o f g loba l c lim ate  change 
are w id e ly  an tic ipa ted , and these w ill u ltim a te ly  
a lte r wave regimes. Indeed, ev idence indicates 
th a t wave heights have been changing over the 
last 40 years, a lthough a link to  global w arm ing is yet 
unproven.

In deep waters, wave he ights (crest-to -trough) 
o f over 15 m etres are n o t unusual. These waves 
break in w a te r dep ths  o f approx im ate ly  20 metres. 
In sha llow  waters, the  he ights and d irections 
o f waves are m od ified  by the  bathym etry. If the  
nearshore waters are deep and the  shore itse lf is 
a near-vertical c liff  rising from  deep water, then  
waves can reflect from  the  c liff  instead o f break
ing .T hey  m ay also ove rto p  the  c liff  causing ex ten 
sive dam age im m ed ia te ly  in land. W hen com b ined  
w ith  the  w ate r levels increased by a storm  surge, 
extrem e conseguences m ay result (see C o inc iden t 
hazard events, th is  section).

■
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 5.0 0.0

Fig. 3 .7  Clim atology o f  sign ificant wave height (SWH) over the Global Ocean for the period 1958-2005  
Upper panel -  January; Lower panel -  July; derived from  visual wave data.

Source: Global Atlas o f Ocean Waves (based on Voluntary Observing Ship (VOS) observations), (http://www.sail.msk.ru/atlas/)

f t  1 9 5 8 -2 0 0 7  Jan
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Damage to  coastal structures arises from  pro longed 
exposure to  swell waves, w h ich  causes erosion o f 
founda tions and underm in ing  o f coastal structures. 
This Is especially a danger w ith  large, s low -m oving 
weather systems and In circum stances o f co inc i
de n t high tidal states (Box 8.7). If the coast has an 
extensive and shallow  con tinenta l shelf, the  swell 
waves w ill break well offshore and cause on ly 
m inor residual shore effects. New w ind  waves can 
reform  over the  con tinenta l shelf, b u t the ir heights 
are lim ited  by the  sha llow  water. Breaking waves 
at the  shore often force w ater Inshore, leading to  
a phenom enon know n as wave set-up. For shallow 
beach frontages, such wave set-up can sign ificantly  
Increase the Im pact o f storm  surges. Local obstruc

tions, such as angled sea-walls or small Inlets can 
focus the  wave energy Into a small region w ith  dra
m atica lly Increased effects.

The s im plest m ethod to  characterize waves Is to 
make visual observations o f he ig h t and period. 
A trad itional source o f wave In form ation In deep 
ocean has been the V o lun ta ry  O bserving Ship (VOS) 
Program (Fig. 3.7), and, at the  coast, from  coastal sta
tions. JCOMM has engaged In the  deve lopm en t o f 
a database o f extrem e wave events, w h ich  provides 
a useful reference to  various studies and applica
tions, Including m odelling, m on ito ring  and pred ic t
ing extrem e events and the ir Impacts.

3 .4  SEA-LEVEL RISE

Sea-level rise Is a progressive or "creeping" hazard 
th a t Is a ffecting m ost o f the  world 's coasts. Low-lying 
coastal areas, Includ ing deltas (Fig. 3.8) and m any 
Small Island States (SIS), are particularly Impacted 
(see Box 5.6). The tw o  major causes o f global sea- 
level rise are therm al expansion o f the oceans and 
the Increased m elting o f land-based lee. Thermal 
expansion Is expected to  con tribu te  more than half 
o f the average rise, bu t land lee w ill lose mass at an 
Increasing rate as the century progresses.

According to  the Intergovernm ental Panel on Climate 
Change (IPCC) Fourth Assessment Report, there Is 
strong evidence tha t global sea level has risen gradu-
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Fig. 3.8. The po ten tia l im pact o f  sea-level rise on Bangladesh
Sources: Dacca University; Intergovernmental Panel on Climate Change (IPCC). Cartographer: GRIDA. Courtesy UNEP/GRID-Arendal. 
(http://maps.grida.no/go/graphic/impact-of-sea-level-rise-in-bangladesh 1 )
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BOX 3.6 Storm surges and extreme water levels: present and growing threatsally over the past century and tha t It Is currently rising 
at an Increased rate. A num ber o f researchers have 
estimated w ith  reasonable agreem ent a global sea- 
level change rate over the past century o f 1.7 ±  0.5 
mm /yr. Because o f local tecton ic and environm ental 
conditions, local rates o f sea-level rise can be greater 
than this, or can even Indicate a lowering o f mean 
sea level (MSL) relative to  local reference points.

A recent Increase In the rate o f sea-level rise has been 
observed by satellite altimeters, w h ich have also pro
vided new Insight Into the com plex geographical 
patterns o f sea-level change. The current rate o f rise 
com puted from  these data (1993-2003) Is Indicated 
to  be 3.1 ±  0.7 mm/yr. By 2090 the global sea level Is 
expected to  be 0.22 m -0.44 m above the 1990 level 
and to  be Increasing by abou t 4 m m  per year (IPCC 
SRES scenario A l B).

Rising sea levels w ill Increase the freguency o f 
coastal flooding, exacerbate coastal erosion and 
worsen the Impacts o f tsunamis, storm  surges and 
extreme w ind-forced waves. W hile the long-term  
Impacts o f a rising MSL are significant, It Is the rapld- 
onset, extreme events tha t affect coastal com m un i
ties m ost directly. A global analysis o f sea-level data 
at 141 stations showed evidence o f a w orldw ide  
Increase In extreme sea levels since 1975. However, 
as w ith  the global rate o f change o f MSL, there are 
regions where a global Indicator Is less useful than a 
regional Indicator. Unlike MSL, statistics on extreme 
tide  conditions are no t always rigorously com piled, 
meaning tha t In many Instances annual extremes 
and trends due to  changing clim atic conditions are 
no t always known (see Box 3.6).

Measurements o f sea-level change rely on networks 
o f perm anent water level stations th rou gh ou t the

Astronom ica l tides are caused by the  pu ll o f the 
sun and the  m oon and do n o t no rm a lly  p roduce 
prob lem s In them selves as the y  occur so regu
larly. S torm  surges are produced by the  w eathe r 
due to  low  ba rom e tric  pressure and w in d  stress 
on the  sea surface. The landfall o f  m ajor tro p i
cal storm s can produce surges o f m any m etres 
e levation, com b in ed  w ith  s ign ifican t wave activ 
ity, such as occurred In Hurricane Katrina, U.S.A. 
In 2005, and Cyclone Nargis, M yanm ar In 2008. 
A round n o rth -w e s t Europe, surges are sm aller 
b u t w hen the y  co inc ide w ith  the  h ighest astro
nom ica l tides, devastating floods  can result as 
occurred In the  U.K. and The Netherlands In 1953 
and the  German B ight In 1962.

world. Most o f these stations were established to 
support m aritim e com m erce and are therefore 
located In major harbours and predom inantly  In the 
northern hemisphere. This shortcom ing has been 
alleviated In recent years th rough satellite altim etry 
data, w h ich provide a more com ple te global picture, 
and signals no t masked by the effects o f estuaries 
and local tecton ic activity. A lthough some sea-level 
records are more than 100 years-long, the m ajority 
o f station records extend over less than th ir ty  years, 
making d ifficu lt the  detection o f long-term  trends. 
Global, long-term  sea-level data may be accessed 
from  the PSMSL and GLOSS data hold ings (see Sec
tion  3.7).

In addition to  the projected rates o f sea-level rise, 
Inter-annual and Inter-decadal effects need to  be

In general, good flood defences are now  provided 
for populated areas around north-w est Europe's 
coasts, and the risk o f flood ing  Is gulte low. How 
ever, the risk Is dynam ic and needs to  be constantly 
reviewed. Lor example, sea-level observations 
made at Newlyn, England between 1916 and 2000 
Indicate tha t a level o f+3.1 m Is reached on average 
once every 50 years. W ith a 0.2 m rise In MSL, tha t 
level w ill be exceeded on average approxim ately 
once every four years. The Im pact o f rising sea lev
els at Newlyn Is a useful Illustration o f how  changes 
In MSL change the chances o f extreme sea levels. 
Unfortunately, In m any parts o f the world, observa
tional data are Insufficient to  estimate return peri
ods for either present or fu ture extreme sea levels.

Lred Stephenson. See also Box 8.2

considered In the ir Im pact on storm  surges. Lor 
example, sea-level records In the Northeast Atlantic 
exhib it a clear relationship to  the air pressure and 
w ind changes associated w ith  the North Atlantic 
Oscillation (NAO). Changes In these regional "norms" 
could have a significant effect on the m agnitude 
and freguency o f storm  surges. In the Pacific and 
elsewhere, the El N lho-Southern Oscillation (ENSO) 
Is a prom inent source o f Inter-annual variability In 
weather and climate and can tem porarily  raise sea 
levels for periods o f several months.

It Is Im portant to  recognize the Im portance o f histori
cal and present-day tide gauge networks for m uch o f 
the sea-level data contained In global, regional and 
national databases. It Is also Im portan t to  recognize 
the Im portance o f m aintaining and expanding these
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networks to  provide accurate water-level data for 
bo th  rapld-onset events and sea-level rise. In addi
tion  to  im proved water-level instrum entation, new 
tools such as GPS and satellite im agery are also pro
v id ing  in form ation w h ich increases our understand
ing o f these natural hazards.

3.5  COASTAL EROSION

M ost o f the world's low-lying, sandy shorelines have 
retreated during the past century and sea-level rise is 
one underlying cause. In the U.S.A., one half or more 
o f the Mississippi and Texas shorelines have eroded 
at average rates o f 2.6-3.1 m /yr since the 1970s, 
w h ile  90% o f the Louisiana shoreline eroded at a rate 
o f 12.0 m/yr. In Nigeria, local retreat rates up to  30 
m /yr are reported.

Globally, sea-level rise w ill intensify erosion o f coastal 
land com prising beach and delta plains, also o f cliffed 
coasts com posed o f soft rock, a lthough in all these 
cases the local response is likely to  depend on the 
degree o f pro tection afforded by beach sediments.

In the  Canadian Arctic, some parts o f Beaufort Sea 
coastline are presently eroding at rates in excess o f 5 
m/yr. W ith changing clim atic conditions, larger areas 
o f the Arctic Ocean are ice-free in sum m er and are 
rem aining ice-free for longer periods. A long low- 
lying coastlines, this w ill increase the im pact o f storm  
surges and increase the rates o f coastal erosion.

3.6  COINCIDENT COASTAL HAZARD EVENTS

An im portan t aspect o f hazard assessment is a 
consideration o f the  probability  o f tw o  or more 
hazard events occurring simultaneously. Also, the 
risk o f flood ing  due to  a storm  surge or a tsunami

is strongly affected by the state o f the tide. A storm 
surge or extreme wave hazard w h ich strikes a coastal 
area at the tim e o f an extreme high tide w ill be a sig
nificantly greater flood risk than a similar event which 
occurs at the tim e o f a low  tide. Because tidal fluc 
tuations are well known in m ost coastal areas, and 
because storm  surges are fairly com m on events, it 
is possible to  estimate extreme levels by com puting  
jo in t tide-surge probability.

In coastal flood plains and estuaries, there is the 
potential for river flooding and storm surges to  occur 
simultaneously. Deltas are w idely recognized as being 
highly affected by changes in sea level and by changes 
in freshwater runoff from  the land. During the annual 
hydrometric cycle o f most rivers there is a freshet 
period when flooding can occur. If, during this period, 
there are high water-levels due to  extreme high tides 
and/or a storm surge event, this high water will act 
like a dam to  downstream river flow, forcing the water 
to find other courses and possibly overtopping or 
destroying dykes and flooding low-lying areas. Gen
erally storm surges resulting from  tropical cyclones 
do not coincide w ith  river flooding from  the same 
cyclone. However, the corresponding coincidence 
w ith  extra-tropical storm surges is no t uncom m on.

3.7  GLOBAL DATA SETS AND OTHER 
INFORMATION SOURCES

Data sources and general guidance inform a
tion listed by hazard type

Tsunamis
IASPEI. 2002. Sum m ary of, New Manual o f Seismo- 

logical Observatory Practice. GeoForschungsZen- 
trum  Potsdam, 2002. Available at: h ttp ://w w w . 
ioc-tsunam i.org/files/N eam _m eeting3_bonn/SO

P%20IASEI%20manual%20rev%202070131 %20% 
282%29.doc (Accessed 16 February 2009.)).

Intergovernm ental Oceanographic Commission. 
2008a. Tsunami, The Great Waves, Revised Edition. 
Paris, UNESCO, ¡Mus. IOC Brochure 2008-1. 16 pp. 
Available at: http ://ioc3.unesco .o rg/itic /con tents. 
php? id= 169

Intergovernm ental Oceanographic Commission. 
2008b. Tsunami Glossary, 2008. Paris, UNESCO. 
IOC Technical Series, 85. Available at: h ttp ://io c3 . 
unesco.org/itic/contents.php?id=328

IOC unified tsunam i website (IOC Tsunami Home). 
Available at: h ttp ://w w w .ioc-tsunam i.o rg /
This website provides in form ation on the IOC tsu
nami programme, the Regional Tsunami Warning 
Systems (RTWS) and the National Contacts for 
RTWS.

Novosibirsk Tsunami Laboratory Historical Tsunami 
Database for the World Ocean. Available at: h ttp :// 
tsun.sscc.ru/On_line_Cat.htm

UNESCO. 2009. Tsunami risk assessment and m itig a 
tion for the Indian Ocean; know ing your tsunam i 
risk -  and w ha t to do abou t it. IOC Manuals and 
Guides, No. 52, Paris, UNESCO.

U.S. NGDC. NOAA/WDC Historical Tsunami Database. 
Available at: h ttp ://w w w .ngdc.noaa.gov/hazard/ 
tsu_db.shtm l
This database contains in fo rm ation  on tsunam i 
events from  2000 B.C. to  the  present in the  A tlan
tic, Indian, and Pacific oceans; and the M editer
ranean and Caribbean seas. It provides tw o  
related search facilities. The "Tsunami Run-up 
Search" provides in fo rm ation  on locations where 
tsunam i effects have occurred (Fig. 3.2). For spe
cific locations these data include arrival date 
and tim e, travel tim e, m axim um  w ater heights, 
horizontal inunda tion  distances, deaths, injuries, 
and damage. The "Tsunami Source Event Search"
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provides in fo rm ation  on tsunam i sources. These 
data include location, date, and tim e, event m ag
nitude, m axim um  w ater he ight, to ta l num ber o f 
deaths, in juries and dam age for the event (Fig. 
3.3). The database is easy to  access and use. In 
add ition  to  in fo rm ation  on individual tsunam i 
events, it contains tsunam i images, tide -gauge 
records, tsunam i publications and links to  o ther 
useful tsunam i sites.

Storm surges
Europa. 2007. Atlas o f Flood M apping. Annex 2. 

Handbook on good practice on flood m apping in 
Europe. Available at: http://ec.europa.eu/environ- 
m ent/w a ter/flood_risk/flood_atlas/index.htm

JCOMM. (in preparation). JCOMM Guide to  Storm 
Surge Forecasting. Further in form ation available 
at the JCOMM website: h ttp ://w w w .jcom m .in fo  
This gu ide describes numerical m ethods used for 
storm  surge prediction; a review o f such m ethods 
and the current available operational storm  surge 
forecasting, includ ing ensemble forecasts.

WMO. 1993. Global Guide to  Tropical Cyclone Fore
casting, docum ent TCP-31. Available at: h ttp :// 
w w w .w m o .c h /p a g e s /p ro g /w w w /tc p /P u b lic a -  
tions/lis to fpub.htm l This gu ide provides inform a
tion  on the global geographical d istribu tion o f 
tropical cyclones, includ ing the ir freguency and 
intensity.

Examples o f storm  surge inundation maps:
North Carolina, U.S.A.: Available at: h ttp ://w w w .hu r- 

ricanetrack.com /ncstorm surge/com aps.htm l

Extreme wind-forced waves
Global Atlas o f Ocean Waves (based on VOS observa

tions). Authors: S. K. Gulev, V. Grigorieva (R R Shir- 
shov Institute o f Oceanology, Russian Academ y o f 
Science) and A. Sterl (Royal Netherlands M eteoro

logical Institute, De Bilt). Available at: h ttp ://w w w . 
sail.msk.ru/atlas/
This Atlas is the result o f a co-operative project, 
funded by European Union (INTAS grant 96-2089) 
"Intercom parison o f ocean waves from  in-situ 
measurements, vo lun ta ry observing ship data, 
rem ote sensing, and modelling'!

GOOS -  the IOC Global Ocean Observing System. 
Available at: h ttp ://w w w .ioc-goos.o rg /

JCOMM. (in preparation). Extreme Wave Database -  a 
database o f extreme wave events, w h ich  provides 
a useful reference to  various studies and applica
tions, includ ing m odelling, m on ito ring  and pre
d ic ting extreme events and the ir impacts. This 
database provides a com prehensive source o f all 
instrum ented wave measurements (in-situ and 
remote-sensing) for known extreme wave events 
(both recent historical events and on-going). Fur
ther in form ation available at: h ttp ://w w w .jco m m - 
services.org/JCOM M -Extrem e-W ave-Data-Base. 
htm l

WMO. 1998. Guide to  Wave Analysis and Forecasting. 
A detailed review o f the existing wave models. 
170 pages.

Sea-level rise
GLOSS: The Global Sea Level O bserving System 

(GLOSS) is an in te rna tiona l p rog ram m e con 
duc ted  under the  auspices o f the  Jo in t Techni
cal Com m ission fo r O ceanography and Marine 
M e teo ro logy  (JCOMM) o f the  W MO and the  
IOC. GLOSS aims at the  estab lishm en t o f high 
gu a lity  g loba l and regional sea-level ne tw orks 
fo r app lica tion  to  clim ate, oceanograph ic  and 
coastal sea-level research.The m ain c o m p o n e n t 
o f GLOSS is the  "G lobal Core N e tw ork" (GCN) 
o f 290 sea-level sta tions around the  w o rld  for 
lo ng -te rm  c lim ate  change and oceanograph ic

sea-level m on ito rin g . Available at: h t tp : / /w w w . 
g loss-sealevel.org/

PSMSL -  Permanent Service for Mean Sea Level. 
Proudman Oceanographic Laboratory, N.E.R.C. 
United Kingdom. The PSMSL was established in 
1933, and is the global data bank for long-term  
sea-level change in form ation from  tide gauges. 
The PSMSL collect data from  several hundred 
gauges situated all over the globe.The global net
w ork o f tide gauges tha t con tribu te  data to  the 
PSMSL can be viewed using Google Earth. Avail
able at: http ://w w w .po l.ac.uk/psm sl/data in fo/

UNESCO. 2006. Manual on Sea Level Measurement 
and Interpretation, Volum e IV- an update to  2006. 
IOC Manuals and Guides, No. 14; JCOMM Techni
cal Report, No. 31; WMO/TD, No. 1339, 80 pages. 
Available at: http ://w w w .po l.ac.uk/psm sl/m anu- 
als/m anual_14_final_21_09_06.pdf (Accessed 16 
February 2009.) Includes in form ation on m ethods 
for estim ating extreme sea levels.

University o f Hawaii Sea Level Center - UHSLC w eb 
site: Available at: http://ilikai.soest.hawaii.edu/ 
uhslc/status.htm l

General ocean data
IODE -  the IOC's International Oceanographic Data 

and Inform ation Exchange was established in 
1961 to  enhance marine research, explo itation 
and deve lopm ent by facilitating the exchange 
o f oceanographic data and in form ation between 
partic ipating M em ber States and by m eeting the 
needs o f users for data and in form ation products. 
Available at: h ttp ://w w w .iode .o rg /
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À L IDENTIFYING AND QUANTIFYING THE HAZARDS

J  PHASES

STEP 2

This se c tio n  a im s f irs t ly  to  p ro v id e  co u n tr ie s  

w ith  g u id a n c e  on  assessing o f  th e  lik e lih o o d s  

o f  th e ir  coasts b e in g  im p a c te d  o r o th e rw is e  

a ffe c te d  b y  each o f  th e  hazards. S econd ly , i t  sets 

o u t m e th o d o lo g ie s  fo r  c o u n tr ie s  to  app ra ise  

fre q u e n c ie s  o f  re cu rre n ce  (o r ra te  o f  occu rrence ) 

o f  th e  hazard e ve n ts  and  th e  m a g n itu d e s  o f  th o se  

e v e n ts .T h ird ly , it  desc ribes  h o w  c o u n tr ie s  can 

d e te rm in e  th e  lik e ly  g e o g ra p h ic a l e x te n ts  o f  th e  

h a za rd s 'p h ys ica l im p a c ts - th e  hazard  e xp o su re  in 

th e ir  coasta l m a n a g e m e n t areas u n d e r sp e c ifie d

scenarios.

4.1 IS THERE PUBLIC AND POLITICAL AWARENESS OF THE HAZARDS?

The inclusion o f coastal hazard m anagem ent (includ ing hazard assessment) w ith in  
an existing or new  coastal area m anagem ent plan presupposes sup po rt th rough  
pub lic  and politica l awareness and concern in respect o f the  hazards. The devel
o p m e n t o f such awareness form s part o f Step 1 o f Phase I o f the  ICAM process. 
Awareness may be enhanced by, e.g., first-hand experience or media coverage o f 
dam aging events; also by external drivers at the  regional level, such as the  Euro
pean Union's Floods D irective (see sections 2 and 6).

4.2  WHAT BASELINE KNOWLEDGE IS NEEDED?

Baseline know ledge o f the coastal hazards (Table 3.1) -  the ir origins, the  locations 
and areas m ost prone to  the ir im pact, the ir frequencies and m agnitudes, and the ir 
observed and po tentia l physical im pacts -  is essential to  the  deve lopm en t o f effec
tive Integrated Coastal Area M anagem ent (Section 2.1). Evaluation o f the  hazards 
form s a fundam enta l part o f the  broad ly based acquisition o f background in for
m ation and baseline data w ith in  Phase I o f the  ICAM process (figs 1.1 and 1.2). An 
awareness o f the d is tribu tion  o f po tentia l hazards and the ir causes is a key part o f 
th is evaluation (Table 4.1).

The coastal hazards covered by these guidelines and described in Section 3 com 
prise rap id-onset events, inc lud ing tsunam is and storm  surges, and the  creeping
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B0X4.1 Capacity building activities in the Indian Oceanhazards o f global sea-level rise and coastal ero
sion. Historical and con tem porary  records clearly 
show  w h ich  countries are prone to  the  rap ld-onset 
hazards, w h ile  m aritim e countries w o rldw id e  are 
generally aware th a t the  creeping hazards are also 
Issues o f concern. Forecasting the  m agn itude o f 
a po tentia l hazard and Its likely freguency (or rate 
o f occurrence In the  cases o f creeping hazards) Is 
another key know ledge elem ent, pe rm itting  coun
tries to  appraise the  p robab ility  (or tlmescale) o f a 
hazard event.

K now ledge  o f the  physical param eters, drivers 
and cons tra in ts  o f th e  coastal hazards, as w e ll as 
th e  like ly  hazard fre g u e n cy  or rate o f occurrence, 
s treng then s  the  v a lid ity  o f estim ates o f th e  p o te n 
tia l Im pacts o f those  hazards on coastal areas. 
This In fo rm a tio n  Is essential to  the  assessments 
o f th e  risks In respect o f the  hazards and, In tu rn , 
to  th e  d e v e lo p m e n t o f an e ffec tive  M an agem en t 
Plan In Phase II o f  th e  ICAM process (figs. 1.1 and 
1.2). The IOC has an Im p o rta n t role In fa c ilita tin g  
these procedures, In pa rticu la r th ro u g h  capac ity  
b u ild in g  (Box 4.1).

Key considerations
Coastlines around the  w orld  differ In the ir degrees 
o f exposure to  the  various hazards. Thus, some 
countries are m uch m ore prone to  tsunam is or to  
s torm  surges than others, and, even w ith in  coun
tries, som e coastal areas are m ore prone than o th 
ers. For geograph ica lly com plex coasts, the  m ag
n itude  o f a hazard event may vary considerably at 
the  local scale depend ing on the  specific land and 
sea-bed features, Includ ing natural and m an-m ade 
coastal defences (see Box 6.1).

For each designated ICAM m anagem ent unit,

In many tsunami-affected countries, one o f the 
main Im pedim ents to  accurate calculation o f tsu
nami Inundation and run-up Is the lack o f adeguate 
coastal bathym etric data. These remain key Inputs for 
tsunami modelling and one o f the critical sources o f 
uncertainty affecting model results. For this reason, 
strengthened capacity to  collect accurate bathym et
ric data Is a fundam ental aspect for many countries' 
preparedness to  tsunamis and other ocean-based 
extreme events such as storm surges.

COAST-MAP-IO Is contributing to developing this 
capacity In the 12 fo llow ing countries: Bangladesh, 
Comoros, Kenya, Madagascar, Maldives, Mauritius, 
Mozamblgue, Myanmar, Seychelles, Sri Lanka,Tanza
nia, and Thailand. Im plem entation began In March 
2007 w ith  assessment missions In 10 o f the countries 
to  collect Information on key partners, their priorities 
and needs, and existing capacities and data.

w hethe r at the  national, d is tric t or local level, It Is
necessary to  determ ine:
• W hich specific hazards are likely to  affect the 

coast, and w h ich  particular parts o f the coast are 
likely to  be m ost affected?

• W hat are the probabilities o f occurrence o f spe
cific hazard events (their likely freguendes and 
the ir likely m agnitudes, or the ir rates In the  cases 
o f the  creeping hazards)? (see Table 4.1)

• W hat are the  lim its  o f coastal land likely to  be 
affected by those events -  by Inunda tion , by 
erosion?

Storm surges and extrem e w ind-fo rced waves have
return periods w h ich  can be forecast In m onths or

The COAST-MAP-IO kick-off m eeting took place In 
October 2007 and an approved work plan was suc
cessfully Im plem ented during 2008. Six different 
workshops on bathym etric data collection, process
ing and management, and Inundation map con
struction were organized and conducted by Indian 
National Hydrographic School, Indian National Cen
tre for Ocean Information Services (INCOIS) and 
the Training and Education Centre Hydrography at 
the Alfred Wegener Institute In Germany. Sixty-five 
specialists were trained. Hardware and software for 
Inundation map construction were supplied to  all 
12 countries Involved. Capacity build ing In coastal 
bathym etry was considerably enhanced.

D m itri Travln

years w ith  reasonable confidence based on his
torical data and assuming the generating forces 
change little  w ith  tim e. However, recent observa
tions show ing chang ing oceanic and atm ospheric 
cond itions con tribu te  uncerta in ty  to  our analy
sis o f these extrem e events. The evaluation o f the 
"creeping" hazards o f coastal erosion and sea-level 
rise, being based largely on Instrum ental or obser
vational m on ito ring  over a range o f tlmescales, can 
also be achieved th rou gh  access to  local, regional 
and global m on ito ring  data. The evaluation o f tsu
namis, conversely, may be prob lem atic  In m any 
coastal areas around the w orld , particularly where 
return periods m ay be measured In centuries. A fu r
the r challenge In hazard appraisal lies In the évalua-
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Table 4.1. Characteristics o f  the hazards creating coastal inundation

HAZARD Tsunami Storm surge Extreme w ind-forced 

waves

Long-term  sea-level rise Coastal erosion

Cause(s) Earthquakes (80%), volcanoes (6%), 

landslides (3%), m eteorological 

conditions (1%),

10% unknow n orig in

W eather systems -  tropical 

cyclones (TC) and extra-trop i

cal storms (ET)

W eather systems -  w ind  

stress, tropical cyclones (TC) 

and extra-tropical storms 

(ET)

C limate change -  w arm ing  o f 

w orld  oceans, m e lting land- 

based lee

Wave action, tida l currents, 

wave currents or drainage; 

sed im ent discharge reduc

tion  due to  river flow  and 

land-use changes

Geographical

d is tribution

Pacific Ocean (62%), Mediterranean 

(22%), A tlantic Ocean and Baltic 

Sea (10%), Indian Ocean (6%)

Global, bu t greatest im pact 

in shallow seas and low -lying 

coastal areas

Global, bu t greatest im pact 

in shallow seas and low- 

lying coastal areas

Global, bu t w ith  some variation 

In rates due to  local geological 

processes

Global, bu t greatest Im pact 

In low -ly ing coastal areas

Frequency Decades to  centuries Annually to  decadal, typ ica lly 

in w in te r (Extra-tropical 

storms, ET) and sum m er 

to  early au tum n (tropical 

cyclones, TC)

Annually to  decadal, typ i

cally in w in te r (ET storms) 

and sum m er to  early 

au tum n (TC)

O ngoing bu t accelerating O ngoing bu t accelerating; 

typ ica lly w orst In w in te r 

(ET storms) and sum m er to 

early au tum n (TC)

M agnitude Run-up ranges from  cm to  several 

metres

Typically 1-2 m; 

up to  9 m for ET storms

Typically 1-2 m; 

up to  18 metres

Average global rate Is +1.7 ±  0.5 

m m /yr; +  4 m m /yr by 2090; 

local subsidence Increases rate 

o f rise

Several m /yr In many areas; 

up to  30 m /yr

Duration Hours to  one day or more A few  hours to  a few  days Hours to  several days O ngoing O ngoing

Type o f im pact A series o f inundation and drain

age surges; possibly catastrophic

S ingle-event inundation; pos

sibly catastrophic

M ultip le, localized Inunda

tion  and drainage surges

Progressive rise o f mean sea level 

and high water extremes w ith  

serious long-term  consequences

Progressive changes In the  

coastline

Limits (predicted) 

o f area likely to  be 

affected

Local run-up lim it for specified 

wave am plitudes predicted by 

m odelling

Flood lim it for specific surge 

level and possible effect o f 

river freshet by hydrological 

m odelling

Flood lim it for specified 

wave heights predicted by 

terrain m odelling

Mean high w ater mark predicted 

by terrain m odelling w ith  a llow 

ance for extrem e events

New shoreline positions 

predicted from  long-term  

trends

W arning tim e  (for 

response)

Travel tim e  -  m inutes to  12 hours 

or more

12 hours to  2 days 1 -3  days Decades Decades -  major erosion 

events caused by o ther 

hazards
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tion  o f " jo in t p robab ility " events, w hen tw o  or m ore 
hazard events coincide (e.g., extrem e waves and 
storm  surge; storm  surge w ith  river flood ing ; storm  
surge w ith  tsunam i; and, for tsunam is generated by 
local earthguakes, the  strong ground m o tion  pre
ceding the  floo d ing  may d isrup t evacuation routes 
and affect critical infrastructure).

Questions relating to  the  hazards th a t are pe rtinen t 
to  Phase I o f the  ICAM process include:
• W hat is the  country's capacity to  m on ito r and 

forecast these hazard events?
• W hat access does the  coun try  have to  num erical 

models and o ther pred iction  too ls w h ich  may 
provide in fo rm ation  needed to  iden tify  or de lin 
eate hazard-prone areas?

• Are the  appropria te  coastal topog raph ic  and 
ba thym etric  data available for the  purposes o f 
m ode lling  the  physical im pacts o f coastal haz
ards?

• What, if any, criteria exist at the  local, regional 
or global scale fo r categoriz ing the severity o f 
coastal hazard impacts?

Procedures to  address these guestions are set ou t 
below. In form ation on existing global sea-level 
and m eteorological observing systems and links to  
related databases are given in Section 4.8. A fu ller 
listing o f data and in fo rm ation  sources for each haz
ard fo llow s the hazard descrip tions in Section 3.7. 
This provides in fo rm ation  on au thorita tive  refer
ences tha t describe and explain the  m easurem ent 
systems, the  too ls used to  analyse and validate the 
data and, in particular, the  num erical m odels and 
o ther software too ls developed to  increase our ab il
ity  to  understand and pred ic t the occurrences and 
im pacts o f each o f these coastal natural hazards.

4.3  HOW TO ASSESS THE HAZARDS

A tho ro ug h  assessment o f all the  hazards tha t may 
a ffect a coastal area is o f fun dam e n ta l im portance  
in the  d e ve lopm e n t o f the  M anagem ent Plan. 
Coastal hazard assessment involves the  ga thering  
o f data from  a varie ty  o f sources and processing 
th a t data w ith  the  he lp o f m odels (Section 4.4). 
Sources inc lude the  do cum e n ted  historical record 
o f coastal hazard im pacts a ffec ting  the  desig
nated coastal m anagem en t area; regional data on 
the  o rig ins and p ropaga tion  patte rns o f po ten tia l 
hazard -fo rm ing con d itions  (e.g., trop ica l cyclones, 
tsunam is); and surveyed nearshore ba thym etric  
and coastal to p o g ra p h ic  data. Hazard assessment 
procedures fo r tsunam is are described in greater 
detail in gu ide lines produced as pa rt o f the  Indian 
Ocean Tsunami W arning and M itig a tio n  System 
(IOC M anuals and Guides No. 52; UNESCO, 2009).

Defining the  geographical lim its of the  
assessment
The geograph ica l scale o f the  assessment w ill 
depend on the  bounds o f the  m anagem en t un it 
w ith in  the  ICAM process. The assessment may 
be national or regional, in fo rm ing  p o licy  makers

BOX 4.2

• Define the  geographica l lim its o f the coastal 
m anagem ent area.

• Examine the  historical records o f coastal hazard 
im pact events and shoreline change, also the 
regional and ocean-w ide seismic records.

• Access in fo rm ation  on hazard origins and p ro p 
agation patterns, local, regional and far-field.

• Acguire and com pile  data on nearshore 
ba thym etry  and coastal topography.

ab ou t those parts o f a national coastline w h ich  are 
m ost prone to  dam ag ing hazard im pacts; a lte rna
tively, it m ay be local in its scope, w ith  the  pur
pose o f id en tify ing  ho tspo ts  o f po ten tia l im pact, 
e.g., w ith in  a m un ic ip a lity  or an ind iv idua l coastal 
em baym ent.

Accessing the  historical record
Gaining know ledge  o f past or co n tin u in g  haz
ard im p ac t events to  have affected a designated 
coastal area, inc lud ing  the ir m agn itudes and the ir 
fregu en cy  o f occurrence, is a key step in assess
ing the  like lihood o f the ir recurrence. In the  case 
o f tsunam is, the  record o f seism ic events m ay also 
be crucial. Such know ledge  m ay be anecdotal, 
from  the  local co m m u n ity ; and it m ay be derived 
from  national archives or in te rna tiona l databases 
such as the  NOAA/W DC Historical Tsunami Data
base (see Section 3.7, and figs 3.2 and 3.3) or the  
UNEP/GRID (Global Resource In fo rm a tion  Data
base) (e.g., Fig. 3.5). For coastal erosion or o the r 
shore line change, in fo rm a tion  on rates o f change 
and lo ng -te rm  trends m ay be ob ta ined  by exam i
na tion and com parison o f o ld  and m odern  maps 
and charts, aerial ph o tog raphs  and a tim e-series o f

• D eterm ine the  spatial parameters o f hazard 
im pact -  the  exposure (e.g., by m ode lling  or 
post-im pact observation).

• D eterm ine probabilities fo r hazard scenarios 
(Section 4.6).

• Display exposure and p robab ility  results as haz
ard maps (Section 4.5).

• Convey results o f hazard assessment to  risk and 
em ergency managers.

Key tasks for the hazard assessment procedure

42



HAZARD AWARENESS AND RISK MITIGATION IN ICAM IDENTIFYING AND QUANTIFYING THE HAZARDS

sate llite  Imagery. G eological evidence o f tsunam i 
m ay also he lp  to  p rovide a tlm escale fo r assess
ing the  like lihood o f tsunam i or large storm  surge 
events occu rring  in the  future.

Assessing exposure to  rap id -onset events
A ppra is ing  the  level o f exposure o f a designated 
coastline to  hazards genera ted bo th  w ith in  the  
reg ion and far away, no ta b ly  tsunam is from  dis
ta n t earthguake events and fa r-trave lled  extrem e 
w ind -fo rce d  waves, m ay s im ila rly  be aided by 
access to  in te rna tiona l databases o f past events. 
Such an appraisal can also be assisted by the  
ap p lica tio n  o f m odels, such as those deve loped 
to  show  the  ways In w h ich  tsunam i waves p ro pa 
gate from  th e ir sources across oceans (see be lo w  
and Fig. 4.2). Travel tim e  ca lcu la tions have been 
issued ro u tin e ly  fo r tsunam i events by the  Pacific 
Tsunam i W arning Centre. The pre -ca lcu la ted  tsu 
nam i p ropaga tion  database created by the  Euro
pean Com m ission's Jo in t Research Centre (JRC) 
is one o f several o ff-lin e  In itia tives w h ich  m ay be 
he lp fu l in th is  regard (Box 4.3, Fig. 7.1). National 
and reg ional tsunam i scenario databases are p ro 
v ided  by som e o f theT sunam l W arn ing Systems In 
place (e.g., Indonesia, Japan).

Acquiring coastal survey data
The ways in w h ich  the  rap ld -onse t hazards are 
m od ifie d  as th e y  approach the  shore and Inu n 
date coastal land are d e te rm in ed  by the  near
shore ba th ym e try  and coastal to p o g ra p h y  and 
o rien ta tion . W he the r a po ten tia l hazard Im pact 
Is be ing assessed by m o d e llin g  (see be low ) or 
by expert ju d g e m e n t w ith o u t the  aid o f m odels, 
kno w le dg e  o f the  nearshore seabed ba th ym e try  
and coastal land to p o g ra p h y  as w e ll as o f exist
ing eng ineered coastal defences is essential. Ide

ally th is  know ledge  should extend to  geological, 
as w e ll as top o g ra p h ic  and ba thym etric , surveys. 
In fo rm a tion  should also cover ecosystem s such 
as coral reefs, m angroves, estuaries, w e tlands and 
sea grass beds, any o f w h ich  m ay m od ify  a hazard 
Im pact. Hum an a lte ra tion  o f such ecosystems may 
also play a role and should be noted. The use o f 
a irborne laser m app ing  (LIDAR -  L igh t D e tection  
and Ranging techn igue ) p ro du c ing  accurate eleva
tion  data fo r coastal terra in and nearshore seabed 
m app ing  m ig h t be considered (Fig. 4.1). Coastal 
geolog ica l m app ing  (Inc lud ing coverage o f reefs 
and barrier islands) and sed im en t b u d g e t analyses 
are the  m ost useful approaches In the  assessment 
o f a shoreline's response to  sea-level rise and the 
associated Increased wave Im pact on th a t shore
line. A t th is  deta iled scale, ba thym etric  features 
change year-by-year and the  conseguences o f th is 
m ust be appraised as a source o f uncerta in ty.

D eterm in ing  th e  inundation  param eters
D e linea tion  o f the  in u n d a tio n  param eters for 
a specified hazard scenario Is a key task In the  
assessment o f the  rap ld -onse t hazards and sea- 
level rise. The lim it m ay be d e te rm in ed  fo r each 
hazard by do cu m e n te d  evidence or by anecdota l 
accounts, or es tim ated by in u n da tio n  m o d e l
ling (see be low). The Inu nda tion  param eters 
-  the  in un da tio n  lim its, run-up , w a te r de p th , f lo w  
ve loc ities  -  p rov ide  the  spatial and dynam ic  In for
m a tion  re la ting to  the  selected hazard scenario. 
They Ind icate the  levels o f exposure to  w h ich  
coastal com m u n itie s  and th e ir assets m ay be sub 
je c te d  In such a hazard event. They are essential 
e lem ents In the  c o m p ila tio n  o f hazard maps (Sec
tio n  4.5), w h ich  w ill be used In the  assessment o f 
v u ln e ra b ility  and risk to  coastal com m u n itie s  (sec
tions  5 and 6).

Fig. 4,1. LIDAR d ig ita l surface m odel fo r coastal terrain and nearshore 
seabed m apping This example, showing bathym etric zonation and  
seabed morphology, is from  W atchetin England, United Kingdom

Source: LIDAR data Copyright Geomatics Group 2008

4 .4  USING NUMERICAL MODELS TO ASSIST 
ASSESSMENT

K now ledge  o f th e  na ture  o f the  various rap ld- 
onse t coastal hazards to  w h ich  a coastal m an
ag em e n t area m ay be p rone  can be cons ide rab ly  
enhanced by the  ap p lica tio n  o f m athem atica l 
m odels. These m ode ls p e rm it th e  researcher to  
ga in a m ore spec ific  ap p re c ia tio n  o f th e  like liho od  
o f a hazard event, Its t im in g  and Its m ag n itu de , as 
w e ll as a p re d ic tio n  o f those  parts o f the  coastline  
th a t m ig h t be m ost a ffected. They are useful fo r 
b o th  s h o rt-te rm  response and lo n g -te rm  p lan 
n ing  purposes. However, it shou ld  be no ted  th a t 
the re  are m any un ce rta in ties  in he ren t in th e  use 
o f p re d ic tive  m odels. There m ay be sho rtco m in g s  
in th e  g u a llty  o f th e  data on w h ich  th e  m o d e llin g  
is based, and, even w ith  go od  g u a llty  data, the  
use o f m odels  regulres tra ined  personne l ab le to  
in te rp re t and eva luate the  results.
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Fig. 4.2. Tsunami propagation modelling. This m odelling ou tpu t 
shows travel times (in hours) from  the seismic source fo r the 22 
May, 1960 Chile tsunam i crossing the Pacific basin.

Source: Tsunami Glossary, ITIC. (http://ioc3.unesco.org/iticZfiles/tsunami_glossary_ 
en_small.pdf)

The m odels for the  rap id-onset hazards have tw o  
main roles -  firstly to  assist understand ing o f the 
progression or propagation  o f a real or conjectural 
hazard towards a shore (In the case o f storm  surges 
th is Is closely linked w ith  m eteorological m on ito r
ing) (Fig. 4.2); and secondly, to  dem onstra te how  
a hazard Im pact may be m od ified  by a range o f 
physical factors In the  coastal zone Itself, bo th  the 
nearshore seabed and coastal land. This perm its the 
preparation o f hazard maps show ing parameters 
such as Inundation  lim its (or erosion lim its) related 
to  specified hazard m agnitudes and tlmescales. The 
In form ation In these hazard maps, tog e the r w ith  
In form ation on the  various vulnerabilities o f the

coastal co m m u n ity  (Section 5), w ill fo rm  the basis 
o f the  risk assessments to  be evaluated In the  fo r
m ula tion  o f the  M anagem ent Plan.

A num erical m odel Is a m athem atica l too l where 
a set o f Initial cond itions (earthguake parameters, 
tides, m eteoro log ica l parameters) Is entered Into 
a g rldded m odel o f a region (ba thym etric  depths, 
topog raph ic  elevations, shoreline location etc.) to 
s tudy a hazard event, either to  sim ulate one w h ich  
occurred In the  past, or to  estim ate the  effects o f one 
w h ich  m ig h t occur In the future. M odels provide us 
w ith  a be tte r understand ing o f actual events, he lp
ing to  answer such guestlons as:
• W hy was a tsunam i run-up so m uch higher at a 

particular location?
• W hy were the  wave heights larger than 

expected?
• How  strong were the  w ater currents In the  har

bour?
A m odel w h ich  has been calibrated and validated 
using one or m ore o f the  well docum ented  events 
can be used to  estim ate the  effects o f po tentia l 
fu tu re  events or com b inations o f events.
A numerical m odel Is based on a set o f m athematical 
eguatlons (e.g., shallow-water eguatlons) tha t rep
resent the behaviour o f the real-world event being 
modelled.There are a num ber o f possible constraints 
(com puting capacity, Inaccurate Input or boundary 
conditions, m odel resolution, model parameters, 
etc.) tha t can lim it the accuracy and appropriateness 
o f a model.

The fo llow ing  sum m ary o f the present state o f 
numerical m odelling for coastal hazards w ill enable 
coastal stakeholders to  develop more detailed and 
specific guestlons, and to  enhance the ir understand
ing o f the m odelling output.

Tsunami modelling
Tsunam i m odels are used fo r early w arn ing , Inun
da tion  fo recasting  and tsunam i hazard assess
m ent. Tsunam is have ve ry  long w ave leng ths 
th a t are m uch larger than the  w a te r d e p th  o f the  
m ed iu m  w here  the y  spread and so sha llow  w ate r 
egua tlons are used to  m ode l th e ir p ropagation . 
In deep w a te r the  phase speed Is a s im p le  fu n c 
tio n  o f g rav ity  and dep th , w h ich  makes the  co m 
p u ta tio n  o f tsunam i travel tim es (TTT) easy and 
fast (see Figure 4.2). These ray-tracing techn lgues, 
useful fo r early w arn ing , ne g lec t the  non-linear 
e ffects close to  the  coast and so ten d  to  p rov ide  
estim ates o fT T T  th a t are sho rte r than  reality.

To estim ate  the  tsunam i wave h e ig h t and currents 
from  the  open ocean to  the  coastal waters, the  
tsunam i m odels solve num erica lly  the  non-linear 
egua tlons fo r sha llow  w a te r wave p ropaga tion  
using app rop ria te  kno w le dg e  o f the  ba thym etry. 
Despite the  fac t th a t m ost m odels use a s im p lified  
2D approach, In teg ra ting  a long the  vertica l, the  
c o m p u ta tio n  o f ocean w id e  tsunam is Is very  tim e  
consum ing  and can no t be used fo r early w a rn ing  
or forecasting , pa rticu la rly  fo r areas close to  the  
tsunam i source. To c ircu m ven t th is  d ifficu lty , large 
databases o f p re -co m p u te d  scenarios are estab
lished (see Box 4.3).

To c o m p u te  nearshore wave he ights, currents and 
coastal Inu nda tion  the  num erica l m odels regulre 
de ta iled  b a thym e tric  and to p o g ra p h ic  In fo rm a
tio n  w ith  a co m m o n  vertica l reference da tum . 
M any o f th e  codes used fo r tsunam i p ropaga tion  
can also p rov ide  Inunda tion  scenarios, dealing 
w ith  the  add itiona l d ifficu ltie s  nearshore: w e t and 
d ry  nodes/ce lls  change In tim e, hydrau lic  ju m p s  
can be established, flu id  m ust m ove around
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obstacles, b o tto m  roughness becom es d o m i
nant. A co m p le te  m o d e llin g  so lu tion  from  source 
to  Inu nda tion  has to  deal w ith  d iffe re n t reso lu
tio n  grids. All 2D m odels suffer the  same lim ita 
tions  due to  th e  ap p ro x im a tio n  used, th e y  canno t 
resolve vertica l convec tion , and th e y  canno t s im u 
late breaking waves or 3D tu rbu lence . Inu nda tion  
m odels are usually app lied  to  small areas, w h ich  
makes the  c o m p u ta tio n  fast, g iven the  adeguate 
bo u n d a ry  cond itions. This makes th e m  suitab le  
fo r use In Inu nda tion  forecast In rea l-tim e w a rn 
ing systems. A t a s im p le r level ap p ro p ria te  to  the  
reg ional scale, rem ote  sensing techn lgues  can be 
app lied  to  the  p re d ic tio n  o f Inu nda tion  (Fig. 4.3). 
F o rfu rth e r In fo rm a tion  on tsunam i m od e llin g , the  
reader Is referred to  the  com p an ion  gu ide lines on 
tsunam i risk assessment and m itig a tio n  (UNESCO, 
2009).

It Is Im p o rta n t th a t all num erica l m odels fo r tsu 
nam i p ro pa ga tio n  and Inu nda tion  deve loped  by 
g o ve rn m e n t o rgan iza tions and universities be 
tested using historica l data associated w ith  well 
do cu m e n te d  tsunam i events, such as Okushlrl 
(1993) (Box 7.2) and Papua New  Guinea (1998) 
(Figure 7.1).

The results from  m odels th a t have n o t been va li
da ted can jeopard ize  a gove rnm en t's  response to  
the  tsunam i hazard and result In Inco rrect In for
m a tion  be ing given to  em ergency  m anagers and 
coastal com m un ities . The tsunam i c o m m u n ity  
recognizes the  Im portance  o f th is  benchm ark ing  
and va lida tion , as w e ll as the  need fo r peer review  
and th o ro u g h  do cu m e n ta tio n . Even w ith  these 
safeguards In place, however, the  p re d ic tion  o f 
o ff-shore and even on-shore tsunam i he ights 
based on a de ta iled  kno w le dg e  o f ba th ym e try

and source param eters may, In practice, be Im per
fect. The NOAA pu b lica tio n  "Standards, Criteria, 
and Procedures fo r NOAA Evaluation o f Tsunami 
Num erica l M odels"(Synolakis et al., 2007) provides 
a useful reference d o c u m e n t (Section 3.7).

The results from  m odels th a t have n o t been va li
da ted can jeopard ize  a go ve rnm en t's  response to  
the  tsunam i hazard and result In Inco rrect In for
m a tion  be ing g iven to  em ergency  m anagers and 
coastal com m un ities . The tsunam i c o m m u n ity  
recognizes the  Im portance  o f th is  benchm ark ing  
and va lida tion , as w e ll as the  need fo r peer review  
and th o ro u g h  d o cum e n ta tio n . Even w ith  these 
safeguards In place, however, th e  p re d ic tion  o f 
o ff-shore and even on-shore tsunam i he ights 
based on a de ta iled  kno w le dg e  o f ba th ym e try  
and source param eters may, In practice, be Im per
fect. The NOAA pu b lica tio n  "Standards, Criteria, 
and Procedures fo r NOAA Evaluation o f Tsunami 
Num erica l M odels"(Synolakis et al., 2007) provides 
a useful reference d o c u m e n t (Section 3.7).

Fig. 4.3. Tsunami inundation modelling using satellite imagery  
Landsat satellite image o f  northern Sumatra. M odelled inundation  
depths for a 20-metre tsunam i are shown in shades o f  red to 
yellow. A GIS m odel was developed to estimate the extent to which 
coastal land  is likely to be inundated by tsunamis. Based on a 
d ig ita l elevation model, water flow  from  the coastline in land  was 
calculated iteratively using ArcGIS Spatial Analyst 9 .1 application  
tools. Assuming tsunam i run-ups o f  5 m, 10 m, and 20 m, tsunami 
inundation zones were m odelled fo r m ost o f  the world's coastlines. 
The hazard maps were developed fo r the risk m anagem ent purposes 
o f  the insurance industry bu t could also be used by governments as a 
basis forland-use planning..

Sources: Modelling - L. Dolezalek, Munich Re Group; Satellite image - courtesy NASA 
2000,00005 7,4,2.
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JRCTsunami Assessment Modelling System (see also Fig. 7.1)BOX 4.3

Source: JRC Tsunami Assessment Modelling System

Alessandro A nnunziato ,
JRC. (h ttp ://tsu n a m i.jrc .it/m o d e l/in d e x .a sp )

The Tsunami Assessment M odelling System was developed by the  European 
Commission's Jo in t Research Centre, in order to  serve tsunam i early w arn ing 
systems such as the Global Disaster Alerts and Coord ina tion System (GDACS) in 
the  evaluation o f possible conseguences by a tsunam i o f seismic origin. The JRC 
system includes three main com ponents: a) the global scenario database; b) the 
on-line calculation system; c) the  Tsunami Analysis Tool.

The Global Scenario Database (GSD) is a set o f 136,000 calculations perform ed in 
e igh t m onths o f calculations using a m od ified  SWAN [1] m odel, using a grid o f 
10,500 possible epicentres (w ith  a 0.5 x 0.5 degrees interval) de term ined using 
historical tsunam i event epicentres. Calculations for each m agn itude  between
6.5 and 9.5 have been perform ed. This database (2 TBytes) is ready to  give a first 
im m edia te  estim ate o f the  tsunam i conseguences as soon as the  earthguake 
ep icentre is known. The scenario database identifies the  locations po ten tia lly  
affected as well as the  pred icted wave height. The overall database is accessible 
on line  th rou gh  a w eb interface (user/password reguired) or can be used locally 
fo r a guicker access th rou gh  the  TAT software.

The epicentres (yellow ) correspond to  the  tsunam i scenario database. For every 
s ing le  po in t, 13 calcu la tions w ith  m agn itudes in the  range 6.5-9.5 have been 
calculated. A to ta l o f 136,000 ca lcu la tions are available.

The O nline C a lculation System (OCS) uses the  same m odel as the  scenario da ta
base b u t it is au tom atica lly  in itia lized w ith  the  real earthguake param eters (ep i
centre and m agn itude). The ca lcu la tions start as soon as an earthguake w ith  
po ten tia l tsunam i conseguences is iden tified  and the  ca lcu la tion  tim e  is in the 
o rder o f 30 -40  m inutes. These results are n o t very  d iffe re n t from  those o f the  
GSD, b u t the y  should be m ore accurate because o f be ing in itia lized w ith  the  
real parameters.

The Tsunami Analysis Tool (TAT) is the  so ftw are  th a t a llows gu ick  v isualization 
o f the  results o f the  scenario database and on -line  ca lcu la tions and com pares 
the m  w ith  real, on line  sea-level m easurem ents.

The JRC system is n o w  opera tiona lly  serving the  GDACS system and, soon after 
any event w ith  possible tsunam i conseguences, the  
ca lcu la tions from  the  GSD and from  the  OCS are au to 
m atica lly  free ly available on the  w e b  site h ttp : / /w w w . 
gdacs.org. JRC is open to  su p p o rt any o the r early w a rn 
ing systems: as an exam ple, an ag reem ent has been 
recently  established to  su p p o rt Portugal's Ins titu te  o f 
M e teo ro logy  fo r the  de ve lo p m e n t o f the  Portugese 
Tsunami Early W arning System th ro u g h  the  use o f the  
scenario database and the  Tsunami Analysis Tool. To 
th is  purpose the  scenario database has been enlarged 
to  inc lude  som e areas in the  A tlan tic  Ocean.
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O ften  the  o n ly  w ay to  d e te rm in e  the  p o ten tia l 
in u n d a tio n  and ru n -u p  fro m  e ith e r a fa r-fie ld  or 
a local tsunam i is to  use num erica l m o d e llin g , 
since data fro m  past tsunam is are usually insu f
fic ie n t. M odels can be in itia lized  w ith  p o ten tia l 
w orst-case scenarios fo r th e  tsunam i sources, or 
fo r th e  tsunam i waves ju s t o ffshore  to  de te rm in e  
co rre spo nd ing  w orst-case scenarios fo r in u n d a 
t io n  and run-up . M odels can also be used w ith  
sm alle r sources to  unders tand  the  seve rity  o f the  
hazard fo r th e  less extrem e b u t m ore fre g u e n t 
events. This in fo rm a tio n  p rov ides a basis fo r c re
a ting  hazard m aps such as po te n tia l in u n d a tio n  
maps, w h ich  can in fo rm  th e  risk assessment p ro 
cess and the  p repa ra tion  o f tsunam i and s to rm  
surge evacua tion  m aps and procedures (see sec
tion s  6 and 7.4). Potentia l in u n d a tio n  maps can 
be used to  represent a range o f possib le hazard 
scenarios (Fig. 4.6). These m aps are ana logous to  
th e  "flood  risk maps" regu ired  to  m ee t the  Euro
pean Union's recen tly  ad op te d  Floods D irective 
(sections 2.1 and 6.3).

Numerical m odelling  is also an effective w ay to  
estim ate the  currents produced by tsunam is in har
bours and bays, and in areas likely to  be inundated. 
These horizontal currents entra in an array o f m ove- 
able ob jects and may produce large, fast-m oving 
debris fields. Fig. 4.4 shows the  m axim um  predicted 
currents in Esguimalt Harbour (Canada) fo llow ing  a 
m odelled Cascadia S ubduction Zone event. In this 
instance the m axim um  m odelled currents are in 
excess o f 5 m/s. Video foo tage o f the  2004 Indian 
Ocean tsunam i in the  streets o f Banda Aceh, m ore 
than 3 km from  the open ocean, indicated tha t the 
tsunam i f lo w  velocities were w ith in  the  range 2 -5  
m/s. M ode lling  also enables researchers to  see how  
ba thym etric  and natural or m an-m ade topograph ic

Fig. 4.4 Modelled m axim um  inshore currents from  a tsunami. This modelled event was triggered by 
fau lt slip a t the Cascadia subduction zone during an earthguake o f  m om ent m agnitude 9.0.

Source: Cherniawsky.J. Y., Titov; V. V., Wang, K. and Li, J-Y. 2007. Numérica! simulations o f tsunami waves and currents for 
southern Vancouver island from a Cascadia megathrust earthguake. Pure and Applied Geophysics, Vol. i 64, pp. 465-492. 
Courtesy Birkhäuser Verlag AG.
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features can s ign ificantly  increase (or m oderate) the 
run-up he ig h t at specific locations.

Detailed preparatory m ode lling  has been carried 
o u t for on ly  a small fraction o f the  coastal areas. Suf
fic ie n tly  accurate m odelling  technigues are now  
readily available, b u t the  correct use o f these m odels 
reguires tra ined staff as well as detailed bathym etric  
and topograph ic  data fo r the  areas being m odelled. 
Bathym etric m ultibeam  surveys and topograph ic  
LIDAR surveys (Fig. 4.1) can provide the  detailed 
nearshore in fo rm ation  reguired for effective m ode l
ling (Section 4.4), b u t m ost coastal areas still have 
older and less precise ba thym etric  and topograph ic  
coverage. Practitioners reguiring in fo rm ation  on 
available tsunam i m odels should con tact the ir 
national oceanograph ic organizations. The IOC 
tsunam i website  provides in fo rm ation  on the  IOC- 
coord inated Regional Tsunami W arning Systems 
(RTWS) and the National Contacts for those RTWS.

Storm surge m odelling
Before the com pu te r era, the  technigues used for 
storm  surge p red ic tion  were analytical, em pirical, 
graphical (nom ogram s) and statistical (regression 
relations). Statistical and em pirical m ethods are still 
applied, utiliz ing historical data to  develop a fo re 
casting techn igue  by regression or o ther s tatisti
cal approaches. Unfortunate ly, in m ost regions the 
large database o f wave he igh t in fo rm ation  reguired 
for such approaches is non-existent. Now, however, 
num erical m ethods are the w ide ly  used approach 
for storm  surge prediction. A review  o f such m e th 
ods and the current available operational storm  
surge forecasting systems, inc lud ing ensem ble 
forecasts, w ill be given in the  fo rthco m ing  JCOMM 
Guide to  Storm  Surge Forecasting (Section 3.7).

A num erical surge m odel reguires a geo-referenced 
database consisting o f nearshore ba thym etry  and, 
if in land inundation  is to  be com puted , the  coastal 
topog raphy  surround ing the  cyclone's landfall 
location. Typically, a storm  surge m odel takes the 
cyclone's track, its size, a tm ospheric pressure, w ind  
speed and predicted tides as basic input, to  w h ich  
local ba thym etry  and topography  may be added.

Storm surge forecasting depends s trong ly on 
cyclone (or ET storm ) w ind  forecasting and its uncer
tainty. Collating the  several possible cyclone con d i
tions from  the  m any in to  a com posite  potentia l o f 
surges is a dem anding task. Since each com pute r 
run gives an envelope o f h ighest waters in a basin 
for the  life history o f a cyclone, it is a s im ple com 
puter task to  de term ine, from  a particular fam ily  o f 
tracks, the  h ighest possible surge at all coastal loca
tions o f concern. The resulting com posite  is called a 
M axim um  Envelope o f Waters (MEOW) (Fig. 4.5). To 
generate the  com posite  sets o f MEOWs, know n as 
MOMs ("M axim um  o f Maximums"), the  m axim um  
surge value from  the entire fam ily  o f cyclones at 
each grid sguare o f a basin is saved, regardless o f 
w h ich  cyclone was responsible. The resulting com 
posite o f peak surges makes up a MOM. This p ro
vides an easily accessible sum m ary o f the  possible 
surge flood ing , given the uncerta in ty  in the  current 
forecast situation.

Extrem e wind-forced wave m odelling
Sophisticated technigues exist for wave forecasting. 
M ost reguire com p u tin g  facilities, tog e the r w ith  
an in pu t database for bathym etry, calibration and 
testing th a t are well beyond the  resources o f many 
National M eteorological Services. A detailed review 
o f the  existing wave m odels is given in the  WMO 
Guide to  Wave Analysis and Forecasting.

Fig. 4 .5  M odelled m axim um  surge elevations fo ra  
Category 3 hurricane.
This event was sim ulated by the N O M  SLOSH (Sea, Lake 
and Overland Surges from  Hurricanes) model, fo ra  
Category 3 hurricane m aking land fa ll a ta  fo rw ard speed 
o f  15 m/s in the Pamlico Sound basin o f  North Carolina. 
The values shown, representing the "maxim um  envelope 
o f  waters", were obtained by running several sim ilar 
hypothetical storms onshore along para lle l tracks (shown 
by black arrows).
Source: Courtesy ofNOAA/National Hurricane Center.

M odelling inundation due to sea-level rise 
and coastal erosion
Long-term , progressive inundation  th a t may be 
expected as a conseguence o f g lobal sea-level rise 
can be m odelled s im p ly  on the  basis o f coastal 
topograph ic  survey data. These data may be avail
able or acguired by trad itional survey technigues 
or by the  application of, for example, LIDAR tech 
no logy to  ob ta in  a d igita l terrain m odel o f the
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coastal land (see Section 4.4, Fig. 4.1 and boxes
5.8 and 6.1). Sea-level data from  around the  w orld  
show  tha t there are regional and local variations In 
the  rates o f change. A djustm ents may be needed 
In estim ating Inundation In coastal areas th a t are 
tec ton lca lly  active (especially those In earthguake 
zones) or sub ject to  subsidence, e ither because o f 
natural sed im entary consolida tion (e.g., deltas) or 
because o f oil and gas or w ater extraction. In some 
circum stances such ad justm ents may be far greater 
than the  am o un t o f global sea-level rise. In deltaic 
areas fu rthe r ad justm ents may be needed to  take 
accoun t o f sed im enta tion  du ring  flood  episodes 
tha t progressively elevates the  land surface.

The like lihood o f fu tu re  coastal floo d ing  Involves 
no t on ly  the expected MSL rise b u t also changes 
In tides and m eteoro log ica l conditions. These three 
factors com b ined  affect the  tota l observed sea level. 
There are a num ber o f m ethods for calcula ting how  
freguen tly  a specific level w ill be exceeded. These 
m ethods Include, b u t are no t lim ited to, annual 
extrem es analysis (reguiring m any years' data) or 
jo in t  tlde-surge p robab ility  estimates (see Section
4.6). A fu lle r discussion o f m ethods for estim ating 
extrem e sea levels Is given In the  IOC Manual on Sea 
Level M easurem ent and In terp re ta tion  (UNESCO, 
2006, Section 3.7).

M odelling  coastal erosion can be a com plex process 
on accoun t o f the m any variable parameters. These 
Include changes o f sea level, changes In the  m ag
n itude  and d irection  o f wave forcing on exposed 
shores (perhaps as a conseguence o f global clim ate 
change), changes In the  supp ly and m aintenance 
o f beach sedim ents (sand or shingle) th a t provide 
shoreline pro tection . The potentia l fo r erosion Is 
also de term ined by the  nature o f the  coastal h in 

terland (e.g., rocky terrain or a sandy beach plain) 
tha t may becom e exposed by the wasting o f beach 
materials. A lthough  physical shoreline regimes tend 
to  change w ith  tim e  and may alternate seasonally 
and Interannually be tw een erosion and accretion, 
It may be possible by reference to  historical survey 
data and anecdotal In form ation to  establish long 
term  trends o f value In m aking pro jections o f shore
line retreat.

4 .5  DISPLAYING HAZARD INFORMATION

Hazard maps are an effective means o f do cum e n t
ing and com m unica ting  the  extents, depths, forces 
and probabilities o f Inundation In respect o f the 
various hazards, bo th  rap ld-onset and creeping. 
They show  physical, hazard-related parameters dis
played on a topograph ic  survey base. Thus, they 
carry In form ation abou t the  levels o f exposure to 
w h ich  a coastal co m m u n ity  and Its assets m ig h t be 
sub ject In the  event o f a hazard Impact.

For rapld-onset hazards, the maps may show  the 
Inundation lim its for the selected event m agnitudes 
(figs 4.6 and 4.7) and, potentially, the water depths at 
m axim um  Inundation (Fig. 4.8). They can also show 
Inform ation on expected water flo w  velocities dur
ing Inundation and subseguent drainage. For the 
creeping hazards, the Inform ation comprises Inun
dation (or erosion) lim its at specified timelines, given 
observed rates o f sea-level rise (or shoreline retreat 
due to  erosion).

The hazard maps are also a means o f Indicating the 
likelihood or probability  o f Inundation at a specified 
location, w ith in  a specified tim e frame, for a specified 
hazard scenario as detailed In Section 4.6.The display 
o f probability "zones') e.g., high, m edium  and low, 
may be considered for the chosen scenario. 
Subseguently, the hazard maps w ith  their Informa
tion  about potentia l exposure and probability  may be 
Integrated w ith  maps conveying Inform ation about 
the vulnerability  o f coastal com m unities (Section
5.7). This Integration yields risk maps carrying Infor
m ation fo r the risk assessment (Section 6.3) and, In

Fig. 4.6 Inundation modelling o f  a storm surge impact.
This m odel sim ulated a Category 5 hurricane generating a surge he ight o f  7 m im pacting M iam i, U.S.A. The colour 
scale is based on modelled inundation depths: B lue= < i  m ; Green = <2 m ; Yellow = <3 m; Orange = <4 m ; Red = >4 m. 
Atlan tic  Ocean to R ight o f  image.
Source: Courtesy Ambiental Technical Solutions, Ltd. (www.ambiental.co.uk).
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tu rn ,fo r em ergency preparedness and risk m itigation 
(sections 7 and 8). The use o f Geographical Informa
tion  System (GIS) techno logy is appropriate fo r the 
representation o f geospatial in form ation relating to 
the risk assessment process. The creation o f "layers" o f 
them atic  in form ation w ith in  a GIS provides a versatile 
means o f com paring and, as reguired, com pound ing 
parameters from  a w ide range o f data p lotted to  a 
com m on topograph ic base.

4.6  ASSIGNING PROBABILITY LEVELS TO THE 
HAZARDS

The observational data and m odelling products 
obtained in respect o f the various coastal hazards 
provide indicators o f the likelihood, or probability, o f 
a dam aging hazard event occurring in the m anage
m en t area w ith in  a specified tim e interval.

The usual w ay to  express the probability  o f occurrence 
o f a rapid-onset hazard is by the average num ber o f 
events expected per year or by its return period. For 
example, if, on average, tw o  dam aging storm-surges 
im pacta  coast every 10 years, then the probability  o f 
occurrence in one single year is 20% and the return 
period is five years. The simplest statistical model to 
describe the occurrence o f such events is the b ino
mial d istribution, the same as is applied to  the th row 
ing o f coins.

Using this law, and the data from  the example above, 
we can estimate tha t the probability  o f occurrence o f 
exactly one storm-surge in a 5-year period is 41 % bu t 
the probability o f occurrence o f at least one event 
in the same 5-year period is 67%. Such a probability 
could be expressed in gualitative terms, i.e., there is 
a "high" probability  o f occurrence o f at least a single

Fig. 4 .7  Tsunami hazard m ap a t a local scale.
This m ap (a t 1:100,000 m ap scale) covers the c ity  o f  Cilacap in Java, Indonesia. I t  shows tsunam i hazard im pact zones 
(high=red; m oderate=yellow) calculated using a multi-scenario approach. The zones comply w ith  the tsunami warning  
levels issued by BMKG Indonesia in order to directly relate the tsunam i warning in fo rm ation  to hazard im pact zones. 
Additionally, the tsunamigenic sources, which cause a tsunam i im pact on land for this coastal area, are shown on the 
map (bottom  right-hand corner).
Source: GITEWS Project. Courtesy DLR, AWI.
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Fig. 4 .8  Inundation m ap showing m axim um  flood  
inundation depth caused by a sea flooding event 
This example is o f  Rotterdam in The Netherlands; 
"W aterdiepte"means "water depth".
Source: Europa, 2007, Atlas o f Flood Maps: Netherlands.
(http://ec.europa.eu/environment/water/flood_risk/flood_atlas/
countries/pdf/netherlands.pdf)

event in the 5-year period.These probabilities can be 
scaled-up to  the longer periods used for planning, 
e.g., 100 years (see Box 8.1). In this case the probabil
ity o f occurrence o f exactly 20 storm  surges in 100 
years is on ly 10% bu t the probability  o f occurrence o f 
at least 20 events in 100 years is high, 54%.This could 
prove to  be an underestimate if sea-level rise is taken 
into account.

For events tha t are very rare, like destructive tsuna
mis, since the yearly occurrence is very low, we may 
use instead the Poisson d istribu tion to  describe its 
simplest statistical properties. For example, if on 
some coast the return period for a dam aging storm  
surge is 200 years, the yearly freguency is 0.5 % and 
the probability  o f occurrence o f at least one event in 
any 10-year period is 5%, w h ich can be considered 
"low'! When the relevant events cannot be con
sidered independent (like destructive tsunamis) or 
when the probability  changes w ith  tim e (e.g., due to 
global warm ing), then more com plex statistical m od
els have to  be used for hazard assessment.

Similar criteria o f probability  may be applied to 
extreme w ind-forced waves and tsunamis. While 
w ind-forced wave and storm  surge events are driven 
by meteorological forcing tha t is to  some extent 
predictable, m ost tsunami events reflect sudden dis
placements o f the earth's lithosphere. The locations o f 
such displacements may be generally predictable on 
the basis o f geological understanding, bu t the ir t im 
ings, in the context o f a 100-year m anagem ent plan
ning cycle, are certainly not. In some ocean regions 
like the Pacific, records show  tha t close to  as many 
as 100 dam aging tsunam i impacts have occurred 
(though no t necessarily affecting the same coastal 
m anagem ent areas) over the last 100 years. Thus, on 
a regional basis, this num ber o f events could indicate

a "high" probability  o f occurrence w ith in  a 100-year 
planning w indow . Elsewhere, records may show  that 
dam aging tsunam i events are be separated by hun
dreds o f years, indicating a "low " probability.

The probability  o f a rapid-onset event has an inverse 
relationship w ith  its m agnitude. Thus, for many parts 
o f the world, the probability  o f a high m agnitude 
event occurring w ith in  a coastal m anagem ent plan
ning tim efram e may be low. But the conseguences 
o f such an event, if it does occur, may be nonethe
less devastating, as manifest by the Indian Ocean 
tsunam i o f 2004.

The probability  o f occurrence should be assessed 
for each o f the rapid-onset hazards. This could cover 
events in a range o f different m agnitude scenarios. 
Consideration should also be given to  the possibil
ity o f tw o  or more rapid-onset hazards occurring at 
the same tim e at the same location -  the issue o f the 
"jo in t probability" o f co inc ident hazard events (Sec
tion  3.6). Coincidences o f storm  surges and extreme 
w ind-forced waves are o f particular concern, also o f 
storm  surges and river floods in estuaries, a lthough 
the latter are no t included in the hazards featured in 
these guidelines.Tidal regimes may also be im portan t 
at the local scale. On meso- to  macro-tidal coasts, the 
impacts o f rapid-onset hazards tha t coincide w ith  
high tidal states, particularly during Spring tides, 
may significantly increase the scale o f inundation. 
The probability  o f the occurrence o f such coincident 
events may be low, bu t the ir conseguences could be 
devastating.

Considering the creeping hazards, the probability 
o f inundation (or land loss) is a function  o f the rate 
o f sea-level rise (or erosion). Because these rates can 
usually be established w ith  reasonable confidence
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(by observation aided perhaps by modelling), the 
probability  o f the creeping hazard im pacting a speci
fied location w ith in  a specified tim efram e may estab
lished w ith  corresponding confidence.

No rigid criteria are proposed in these guidelines for 
de fin ing thresholds between "high", "m edium " and 
"low" probabilities o f occurrence, or indeed w hether 
additional probability  classes are appropriate. Nor do 
the Guidelines express a v iew  on the usefulness o f a 
"percentage probability"schem e rather than a "quali
tative" one in the process o f risk assessment (Section 
6). In practice, the choice o f approach may be gov
erned by the guality and am ount o f available obser
vational and m odelling data.

4.7  CHALLENGES AND OUTPUTS 

Challenges
The principal challenges are:
• to  im prove the d istribu tion (geographical cover

age), data guality or timeliness o f the observation 
networks; and

• to  im prove the  analysis and in te rp re ta tion  o f 
the  data, and to  p rov ide new  or im proved  data 
products.

Outputs
The possible in form ation outputs, based on the 
background and procedures described in this sec
tion  and feeding the vulnerability  and risk assess
m en t processes in Phase II o f the ICAM process, are 
listed below.
Tsunamis
• a listing o f all known tsunami events to  im pact the 

region;
• analysis o f pre-calculated tsunam i propagation 

patterns for likely earthguake sources;

• country  map show ing coasts m ost prone to 
potential tsunam i impact;

• analysis o f prone coasts to  locate inundation ho t
spots based on coastal facing direction, nearshore 
bathymetry, coastal topography, defences, etc.;

• hazard maps for various credible tsunam i scenar
ios show ing exposure parameters including inun
dation limits, run-up, f lo w  velocities, etc.; and

• probability  levels for a range o f tsunami scenarios.
Storm surges
• a listing o f all known storm  surge events to  im pact 

the region, in con junction w ith  associated m eteo
rological event inform ation;

• country  map show ing coasts m ost prone to 
potential storm  surge impact;

• analysis o f prone coasts to  locate inundation ho t
spots based on coastal facing direction, nearshore 
bathymetry, coastal topography, defences, etc.;

• inundation maps for various surge m agnitudes 
and tidal conditions, showing HWMs, taking exist
ing defences in to account; and

• p ro b a b ility  levels fo r a range o f s torm  surge 
scenarios.

Extreme wind-forced waves
• a listing o f all known extreme wave events known 

to  im pact the region;
• country  map show ing coasts m ost prone to 

extreme wave impact;
• analysis o f prone coasts to  locate inundation ho t

spots based on coastal facing direction, nearshore 
bathymetry, coastal topography, defences, etc.;

• extreme wave inundation maps for various wave 
m agnitudes and tidal conditions taking existing 
defences in to account; and

• probability  levels for a range o f wave scenarios.
Sea-level rise
• analysis o f sea-level data from  regional tide gauge 

network, w ith  any local m odifying data included; 
and

• predicted shoreline positions at forward timelines 
(e.g., 25 yr; 50 yr; 100 yr).

Coastal erosion
• country  m ap show ing extent o f coasts prone to 

erosion (or accretion);
• maps (including geological features) o f erosion 

hotspots showing in form ation on form er shore
lines where appropriate;

• analysis o f coastal erosion rates w ith  supporting 
in form ation on sedim ent budgets; and

• predicted shoreline positions at forward timelines 
(e.g., 25 yr; 50 yr; 100 yr).

General
• hazard maps for specified, credible hazard scenar

ios show ing exposure parameters o f coastal land 
affected (inundation limits, run-up limits, erosion, 
water depths at m axim um  inundation, inunda
tion  and drainage flo w  parameters).

4 .8  DATA REQUIREMENTS AND  
INFORMATION SOURCES

The fo llow ing table identifies data sets and sources 
tha t may be useful in realizing the hazard assessment 
products as described in this section. The data sets 
and other sources o f in form ation and guidance are 
listed and described more fu lly  by hazard type at the 
end o f the previous section (Section 3.7).
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Table 4 .2  In form ation sources for hazard assessment

Products Variablesand standards Sources Global programmes and data sets
Tsunamis

Seismic event probab ility  assess

m ent

Frequency,

m agnitude,

location

National seismological institutes, 

in ternational providers, e.g., USGS

NOAA/WDC Historical Tsunami Database 

(http://w w w .ngdc.noaa.gov/hazard/tsu_db.shtm l)

NovosibirskTsunami Laboratory Historical Tsunami Database for the  W orld Ocean 

(http://tsun.sscc.ru/O n_line_Cat.htm )Tsunami probab ility  assessment Open ocean wave he ight Satellite altim etry; DART buoys

shoreline wave height, 

inundation lim it 

run-up

Local records,

anecdotal accounts, geological 

evidence

Bathym etric data, coastal 

topograph ic  data

Bathymetry, 

land topography, 

existing defences

H ydrographic charts, 

LIDAR survey, 

d igita l terrain m odelling

General Bathymetric Chart o f the  Oceans (GEBCO) 

(h ttp ://w w w .ge bco .n e t/)

NGDC-ETOPO, land and oceans 

h ttp ://w w w .ngdc.noaa .gov/m gg /g loba l/g loba l.h tm l 

SRTM, land and oceans

http://topex.ucsd.edu/W W W _htm l/srtm 30_plus.h tm l 

DNSC05, land and ocean 

ftp://ftp.spacecenter.dk/pub/BALHYMETRY/

Tsunami models Propagation, 

ocean wave height, 

shoreline wave height, 

inundation 

run-up

National oceanographic institutes JRCTsunami Propagation Model 

(h ttp ://tsunam i.jrc .it/m ode l/);

ANIJGA - h ttps://datam in ing.anu.edu.au/anuga; 

See listing in UNESCO, 2009

Inundation maps Satellite im agery 

Modelling, 

surveying, 

local records, 

anecdotal accounts

COAST-MAP-IO Project, Im proving Emergency Response to  Ocean-based Extreme 

Events th roug h  Coastal M apping Capacity Building in the  Indian Ocean 

h ttp ://w w w .ioc -cd .o rg /

Storm Surges

Cyclone and ET storm  probab ility Location,

m agnitude,

frequency

M eteorological records WMO-IOC JCOMM Guide to  Storm Surge Forecasting (in preparation) (h ttp ://w w w . 

jcom m .in fo /)

(Continued next page)
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Surge probab ility Location,

m agnitude,

freguency

M eteorologica l and oceanographic 

records

Bathym etric and coastal to p o 

graphic data

Nearshore bathymetry, 

coastal topography, 

existing defences

Hydrographic charts, 

LI DAR survey

Surge models Location,

m agnitude

M eteorologica l and oceanographic 

Institutes

WMO-IOC JCOMM (h ttp ://w w w .jcom m .ln fo /)

Inundation maps Satellite Imagery, 

m odelling, 

surveying, 

local records, 

anecdotal accounts

COAST-MAP-IO Project, Im proving Emergency Response to  Ocean-based Extreme 

Events th roug h  Coastal M apping Capacity Building In the  Indian Ocean 

(h ttp ://w w w .loc -cd .o rg /)

Extreme w ind-forced waves

Wave probab ility Location,

m agnitude,

freguency

M eteorologica l and oceanographic 

records

WMO-IOC JCOMM (h ttp ://w w w .jcom m .ln fo /)

Voluntary O bserving Ship (VOS) Program (h ttp ://w w w .w ea ther.gov/os /m arlne / 

pm o_vos.pdf)

IOC-WMO-ICSU GOOS (h ttp ://w w w .loc-goos.o rg /)

JCOMM Extreme Wave Database (In preparation)

Global Atlas o f Ocean Waves (http://ww w.sall.m sk.ru/a tlas/)

Inundation maps M odelling, 

surveying, 

local records, 

anecdotal accounts

Sea-level rise

Sea-level change probab ility  

o r rate

Sea surface he ight Tide gauges, 

buoys,

satellite Imagery, a ltim etry

IOC GLOSS (http://ww w.gloss-sealevel.org /)

PSMSL (http ://w w w .po l.ac.uk/psm sl/da ta ln fo /)

University o f Hawaii Sea Level Center (http://lllkal.soest.hawall.edu/uhslc/sta tus.h tm l) 

IOC IODE (h ttp ://w w w .lode .o rg /)

Coastal erosion

Erosion probab ility  o r rate Shore/hlnter-land geology 

and geom orph-o logy, 

Shoreline positions ove rtim e , 

changes In physical forcing 

Human Interventions

Geological and geom orpho log lca l 

surveys/m aps,

TIme-series aerial photographs and 

satellite Imagery,

clim ate change and sea-level change 

forecasts,

beach sed im ent m on ito ring

EUROSION

(http ://w w w .eu ros lon .o rg /)
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MEASURING VULNERABILITY

PHASES

STEP'

This se c tio n  a im s to  g u id e  th e  d e te rm in a t io n  o f  th e  socia l, 

phys ica l, e c o n o m ic  and  e n v iro n m e n ta l v u ln e ra b ilit ie s  o f 

coasta l c o m m u n it ie s  w h o  m ay be a ffe c te d  b y  th e  p o ss ib le  

im p a c ts  o f  in u n d a t io n . It id e n tif ie s  th e  d a ta  re q u ire m e n ts  

th a t are a p p ro p r ia te  to  th e  scale th e  m a n a g e m e n t u n it  

a nd  th e  sp e c ific  th e m a tic  d im e n s io n  o f  v u ln e ra b il ity  (see 

S ec tion  5.5). It desc ribes  h o w  th e se  da ta  m a y  be g a th e re d  

th e n  processed  to  p ro v id e  v u ln e ra b il ity  leve ls fo r  d e fin e d

in u n d a t io n  scenarios.

P rocedures  fo r  v u ln e ra b il ity  assessm ent in re sp e c t o f  

n a tu ra l hazards are d o c u m e n te d  in p u b lic a tio n s  such  as 

th o s e  o f  ISDR. W h ile  m a n y  aspects  o f  th e  v u ln e ra b il ity  o f  

coasta l c o m m u n it ie s  to  coasta l hazards are c o m m o n  to  

c o m m u n ity  v u ln e ra b il ity  to  n a tu ra l hazards in gene ra l, 

th e  se c tio n  h ig h lig h ts  co n sequences  o f  hazard im p a c ts  o f 

p a r t ic u la r  re levance  to  coasta l areas.

5.1 VULNERABILITY IN AN ICAM CONTEXT
A vu lne rab ility  assessment form s a m ajor part o f the  broad ly based social and envi
ronm enta l assessments tha t make up the  first step o f Phase II o f the  ICAM process 
- t h e  Preparation o f Plans. Together w ith  the  evaluation o f the  hazards, as described 
in Section 4, it can be fu rthe r developed to  a risk assessment, e.g., th rou gh  special 
aggregation or com b ina tion  m ethods (Section 6), to  be considered by po licy mak
ers in the  fo rm u la tion  o f the  M anagem ent Plan, or the  m od ifica tion  o f an existing 
M anagem ent Plan (figs 1.1 and 1.2, and Section 2.2).

Many coastal areas lack vu lne rab ility  assessment program mes. W hile som e haz
ard maps, land-use plans, em ergency response and deve lopm en t plans may exist, 
there m ay be no com prehensive know ledge o f vu lne rab ility  for the  defined coastal 
m anagem ent unit. Proper and com prehensive assessment o f the vu lne rab ility  o f 
coastal com m un ities  to  coastal hazards is a necessary too l in risk assessment and, 
in turn, for the  p ro m otio n  o f em ergency preparedness and strategic risk reduction 
th rou gh  the  M anagem ent Plan.

Vulnerability  assessment facilitates three main goals w ith in  ICAM:
• assessing the  risks to  coastal com m un ities  in respect o f the  various hazards;
• enhancing vu lne rab ility  awareness and crisis m anagem ent capacities (e.g. effec

tive and peop le-centred early w arn ing w ith  a p rio rity  on the  m ost vulnerable 
groups, evacuation, relief) (see Section 7); and

• provid ing  a sound basis fo r deve lop ing  long -te rm  disaster risk and vu lne rab ility  
reduction strategies, inc lud ing  measures for adapta tion (e.g. institu tional adap
tive capacity, land-use planning) (sections 7 and 8).
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Key considerations
In these guidelines, the term  "vulnerability" refers 
on ly to  the state or structure o f coastal com m unities 
(Including the ir social structure, physical assets (build
ings), economies and supporting environm ent) tha t 
make them  more likely to  be affected or harmed by

an event or danger due to  one or more o f the coastal 
hazards. Vulnerability Informs about the conse
guences (losses, damage) o f possible hazard events. 
It Is about hazard reception. Properly assessed and, 
If appropriate data permit, guantlfied, It Is the key to 
estimating the risks to  coastal com m unities o f both

rapid-onset (possibly catastrophic) and creeping 
(progressive) coastal hazard events.

The assessment o f vulnerability Is hazard-specific. For 
example, the vulnerability o f a coastal com m un ity  to 
Inundation from  progressive sea-level rise Is very dlf-

B0X5.1 The vulnerability of the city of Alexandria, Egypt, to the impacts of tsunamis, storm surges and sea-level rise

The M editerranean Sea has high Incidence o f tsunamis. The activ ity  Is partly a 
conseguence o f tec ton ic  activ ity  In the  eastern M editerranean betw een the 
Hellenic and Cyprus arcs. The southern M editerranean, In particular, has been 
h it by tsunam is several tim es In recorded history. Two big tsunam i disasters 
have affected the  Nile Delta and the  c ity  o f A lexandria -  on 21 August 365 
A.D. and 8 August 1303 A.D. respectively (the conseguences o f earthguakes 
o f m agn itude  abou t 8). M uch o f Alexandria, once a m ajor Greek and Roman 
port, was destroyed In the  21 August 365 A.D. event, w ith  the  deaths o f at least 
50,000 people (Stanley and Jorstad, 2005).

f  j i t

Box 5.1: The c ity  o f  Alexandria, sited between the Mediterranean Sea (top) and the 
p a rtia lly  reclaimed Lake Maryut.

Picture source: NASA Earth Observatory. Astronaut photograph taken July27,2003.

Alexandria Is one o f the  largest cities In the  eastern M editerranean w ith  a p o p 
u lation th a t exceeds four m illion, over 35% o f them  living In slum  areas. It hosts 
the  largest harbour In Egypt and Is considered th a t country 's second largest 
econom ic centre, hosting over 40% o f Its Industry and 50% o f Its pe tro leum

Industry. The c ity  Is also an Im portan t sum m er resort, w ith  over a m illion  visi
tors du ring  the  season.

The c ity  Is located on and be tw een tw o  ridges nearly parallel to  the  sea shore 
w ith  an e leva tion n o t exceeding 12 m. Mainly, however, the  c ity  lies on ly  1 -2  
m above sea level, w ith  m any areas be lo w  sea level. To the  sou th  o f the  c ity  
lies Lake M aryut, a sha llow  lake w ith  an average de p th  o f ab ou t one metre. 
The distance be tw een the  lake and sea varies be tw een a few  k ilom etres and 
300 m In the  area closest to  the  M editerranean. Expansion o f the  c ity  has 
been progressing over the  last few  decades by land filling  the  lake. Recent 
trends o f u rban iza tion  on land filled  areas con s titu te  a serious cha llenge to  
the  g ro un dw a te r resource In som e lo w -ly ing  areas.

Alexandria has a m oderate climate. Historically, storm  surges have occurred 
during the winter, tho ugh  w ith  alm ost no damage. However, In recent years 
surges have been m uch stronger and have caused damage to  new  shoreline 
structures. The Im pact on Alexandria o f long-term  changes o f sea level has been 
worked ou t guantlta tlvely using rem ote sensing and GIS technlgues, assuming 
scenarios o f sea-level rise o f 0.3, 0.5 and 1.0 m and taking Into consideration 
expected land subsidence. Results Indicate significant Inundation and high risk 
to  the com m un ity  w ith  the loss o f 200,000 jobs over the next 50 years.

Despite a h is to ry o f tsunam is, the  Increasing like lihood o f Inunda tion  from  
storm  surges, and the  expansion o f the  c ity  In to  vu lnerab le  zones, there  Is so 
far no Ins titu tiona l cap ab ility  fo r an early w a rn ing  system, nor are there  plans 
fo r In troduc ing  and p ro m o tin g  c lim ate  change policies In the  p lann ing  o f 
fu tu re  deve lopm en t. For such a large and h is to ric  city, It Is Im p o rta n t th a t an 
effective  early w a rn ing  system covering the  eastern M editerranean and Its 
coastal areas shou ld  be established as soon as possible.

M oham ed El Raey
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ferent to  tha t o f the same com m unity  to  inundation 
by a catastrophic tsunami impact. Vulnerability com 
prises a w ide range o f factors or parameters. Individ
ual factors tha t contribu te to  vulnerability -  and thus 
the aggregated vulnerability -  are dynamic. They are 
prone to  change ove rtim e because o f changing (usu
ally increasing) coastal population as well as chang
ing econom ic developments, social structures and 
environm ental states (e.g., due to  climate change). 
Socio-econom ic factors may have a major influence 
on a com m unity 's vulnerability to  the hazards and its 
capacity to  cope w ith  them. Because o f its m ultifac
eted nature, vulnerability is d ifficu lt to  measure. Its 
analysis m ust be adapted to  specific objectives and 
scales as well as to  the context o f the coastal area.

Because em ergency preparedness and m itigation 
strategies w ith in  the M anagem ent Plan should be 
based on a continu ing strategy o f vulnerability and 
risk assessment, vulnerability assessment is an integral 
and continu ing part o f the ICAM process. The vulner
ability assessment contributes to  a better understand
ing o f risk factors and, in turn, facilitates a reduction 
o f those risks. In general, it is not the hazard events

themselves tha t cause the greatest threat to  human 
life and property, bu t the com pound ing o f these 
events w ith  conditions wh ich enhance vulnerability 
on land. Such conditions may be due, for example, to 
inappropriate land use and inadeguate contingency 
planning. In many areas, the intensive human altera
tion o f coastal environm ents has already reduced the 
capacity o f natural systems to  cope w ith  stresses and 
shocks. Disasters in coastal areas occur on ly if hazard 
events strike vulnerable communities.

The im portance o f an awareness o f the vulnerability 
o f coastal com m unities to  coastal hazards became 
obvious during the tragedy o f the Indian Ocean tsu
nami o f 2004. Damage to  the coastal populations, 
economies, social structures and environm ents o f the 
affected countries reflected no t on ly the trem endous 
m agnitude o f the hazard im pact bu t also poor aware
ness am ong the coastal population o f its vulnerability 
to  tsunami impacts.

Overall, vulnerability assessment is a powerfu l tool 
tha t contributes to  decision support w ith in  ICAM. 
Because climate and societal changes are making it

increasingly d ifficu lt for coastal com m unities to  avoid 
these hazards, more attention m ust be paid to  vulner
ability reduction, in addition to  im proving the coping 
and adaptive capacities o f coastal areas (see sections 
7 and 8).

Traditionally, the focus o f risk reduction in respect 
o f the various hazards has been on physical science 
aspects (events and exposure) and on technical solu
tions (e.g., structural measures such as flood embank
ments, more resistant buildings) rather than on social 
factors. Today, however, environmental, developm en
tal and global change research lays emphasis instead 
on the coupled hum an-environm ental aspects o f 
vulnerability. Taking account o f the reguirements and 
principles o f the ICAM process and the latest devel
opm ents w ith in  contem porary vulnerability and risk 
research, there is a need to  approach the assessment 
o f vulnerability across disciplines and sectors. Such an 
holistic approach, integrating natural and social sci
ences, is described in Box 5.3, and an example o f its 
application specifically to  tsunami risk assessment is 
given in Box 5.5.

BOX 5.2 Community vulnerability to storm surges and tsunamis in the Indian Ocean

Inhab itan ts  o f lo w -ly in g  coastal areas in th e  trop ica l cyc lone  zones are par
tic u la r ly  vu lne rab le  to  th e  o ften  large s to rm  surges genera ted by these 
storm s. Bangladesh is a c o u n try  th a t is pa rticu la rly  p rone  to  surge im pacts, 
w ith  m ore  than  500,000 lives lost d u rin g  th e  past 200 years. A s to rm  surge 
in th e  Bay o f Bengal in N ovem ber 1970, w ith  a m ax im um  surge h e ig h t o f 9 
m, k illed at least 250,000 peop le, w h ile  a surge in 1991 killed  a b o u t 140,000 
peop le. In May 2008, the  4 -m e tre -h ig h  surge o f C yclone Nargis caused the  
deaths th ro u g h  d ro w n in g  o f at least 86,000 in ha b itan ts  o f the  Irraw addy 
de lta  in M yanm ar (Fig. 3.6).

tsunam i in 2004 was exceptional, w ith  large num bers perishing beyond these 
limits. The m ost severe tsunam i events have a potentia l to  be extrem ely 
destructive, causing a large num ber o f fatalities, heavy p rope rty  dam age and 
extensive d isrup tion to  com m erce and social life. In m ost events, m ajor dam 
age is con fined to  the  nearby coast, b u t in a few  instances (e.g., Sumatra, 2004) 
tsunam is can be destructive over several kilom etres inland. People on vacation 
on tsunam i-p rone coasts may be particularly vulnerable. The Indian Ocean 
tsunam i in 2004 killed m ore than 540 Swedish tourists and ranks as Sweden's 
w orst natural disaster in term s o f the  deaths o f its nationals.

In tsunam i events, m ost fatalities tend to  occur w ith in  one hour o f the  tsunam i 
travel tim e  from  the  source, and alm ost all w ith in  3 hours. The Indian Ocean

Alessandra Cava 11 etti
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An holistic approach to vulnerability assessment, integrating natural (including engineering) and social (including economics) sciences 
-  the BBC conceptual fram ework

BOX 5.3

The BBC fram ew ork aims at exploring the linkages o f 
the socio-econom ic spheres (who is vulnerable; e.g., 
social groups and institutions) and the physical-natu
ral spheres (what is vulnerable: e.g. bu ilt environm ent, 
critical infrastructures, and econom ic sectors). Thus, 
by addressing the three pillars o f sustainable devel
opm ent, the fram ew ork clearly indicates the link 
between vulnerability  assessment and sustainable 
developm ent. It emphasizes the fact tha t vulnerabil
ity is defined th rough exposed and susceptible ele
ments on one hand, and the coping capacities o f the 
affected entities (for example social groups) on the 
other. This means tha t focusing on deficiencies is no t 
enough. Additionally, the fram ew ork shows tha t it is 
also im portan t to  address the potentia l in tervention 
tools tha t could help to  reduce vu lnerability  in the 
social, econom ic and environm ental spheres, such as 
early warning (see Section 7). In this regard the fram e
w ork prom otes a problem -solving perspective.

The BBC fram ework stresses the im portance o f being 
proactive in reducing vulnerability before an event 
strikes the society, econom y or environment. The 
assessment o f op tionsfo r introducing preventive mea
sures, e.g., m oving parts o f a city ou t o f its exposed zone, 
aim no t only at saving lives bu t also at saving disrup
tion o f sustainable livelihoods -  the desired outcomes 
o f a preventive intervention system (BBC framework). 
In this context, the accepted residual risk is a matter o f 
political negotiation on the basis o f hazard and vulner
ability assessment and m ust be addressed w ith in  the 
ICAM process (see Section 2).

Jörn Birkmann
Sources: Birkm ann (2006), based on Cardona (2001) and  Bogardi 

and  Birkmann (2004).
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BOX 5.4 Key tasks in the vulnerability assessment procedure5.2 HOW TO ASSESS VULNERABILITY

A vu lne rab ility  assessment involves the  de fin ition  
o f its geographica l and tem pora l scales, and its 
geographical lim its; ga thering and com p iling  geo
referenced data on a w ide  range o f parameters 
relating to  the  various dim ensions o f vu lne rab ility  
(see Section 5.5); classifying those data in term s o f 
levels o f vu lne rab ility  then p roducing vu lne rab ility  
reports and vu lne rab ility  maps in respect o f each 
hazard tha t m ay po ten tia lly  im pact the  designated 
coastal m anagem ent area. Allied to  these tasks is an 
assessment o f the  deficiencies in institu tional pre
paredness in respect o f hazard impacts.

Various too ls and procedural recom m endations 
exist fo r the  assessment o f vulnerability. Procedures 
specifica lly fo r tsunam is are described in risk assess
m en t gu idelines produced as part o f the  Indian 
Ocean Tsunami W arning and M itiga tion  System 
(IOTWS; UNESCO, 2009).

5.3 DETERMINING THE SCALES OF THE 
VULNERABILITY ASSESSMENT

Initial tasks in the assessment o f vu lne rab ility  are 
to  establish the  tem pora l and geographica l scales 
o f the assessment. It is im p o rtan t tha t the  chosen 
geographical scale allows the  s tudy o f the  d iffe rent 
characteristics and dim ensions o f vulnerability.

The geographica l scale at w h ich  to  conduct a v u l
nerab ility  assessment may be at the  "macro scale" 
(regional level) or at the "m icro  scale"(local level).The 
chosen scale depends on the  reguired resolution 
and the extent o f the  designated coastal m anage
m en t area. Additionally, the  goal and user groups 
w ith in  the ICAM process (local to  national au tho ri
ties such as disaster m anagem ent, spatial p lanning

Define the  geographica l scale and lim its o f the 
assessment, using e.g., geograph ica lly de ter
m ined hazard exposure lim its (Section 4) or 
o ther in fo rm ation  on specific vulnerabilities or 
regions th a t are covered by the  coastal m anage
m en t strategy or plan.
Define the  tem pora l scale o f the  assessment 
-  th is may be a ro lling scale.
Gather geospatia lly referenced data on hum an 
and social, physical and econom ic and environ
mental parameters (asset m apping) using, e.g., 
GIS techno logy; ga ther data on deficiencies in 
institu tional preparedness.

or w ater resources m anagem ent agencies) need to 
be involved in the  assessment process. Local and 
national disaster m anagem ent agencies reguire 
d iffe rent in fo rm ation  abou t risks according to  the ir 
specific functions, e.g., coo rd inating  or carrying ou t 
em ergency m anagem ent (e.g., early w arning, evac
uation) or long -te rm  risk and vu lne rab ility  reduc
tion  (e.g., land-use planning). M u lti-d isc ip lina ry and 
m ulti-d im ensiona l vu lne rab ility  assessments p ro
duce spatially d is tribu ted in fo rm ation  at the  macro- 
or m icro scale.

A t the  m acro scale, a m e tho do log y  for vu lnerab il
ity  eva luation could be, for example, an analysis 
o f satellite im agery com b ined  w ith  an analysis o f 
popu la tion  and socio-econom ic parameters. The 
assigned vu lne rab ility  levels o f the coastal area are 
based on natural, as well as an thropogenic, param 
eters. Parameters to  be taken in to  accoun t w ith in  
the  con text o f hazard exposure (as derived from

Translate these data in to  levels o f vu lne rab ility  
w ith  regard to  the  exposure to  each hazard; 
assess as separate vu lne rab ility  d im ensions or as 
aggregated vulnerability , taking all d im ensions 
in to  account.
Assess deficiencies in institu tional prepared
ness, particularly in respect o f early w arn ing  and 
im pact response.
Produce vu lne rab ility  map(s) and reports fo r the 
designated coastal m anagem ent area. 
C om m unicate the vu lne rab ility  and prepared
ness assessments to  all involved in the  ICAM 
process.

the hazard m apping) include the  coastal popu lation 
and the ir social structure, land use, the bu ilt environ
m en t (including major critical infrastructure, such as 
e lectric ity and water supply), coast-related econom ic 
activities and the coastal environm ental assets.

A t the m icro scale, an assessment should capture 
vu lne rab ility  in fo rm ation  specific to  individual 
groups w ith in  com m unities, the ir build ings, liveli
hoods, etc.The assessment can a llow  a m ore precise 
understand ing o f a com m unity 's  susceptib ility  to  a 
po tentia l hazard event, inc lud ing  the im pacts on 
d iffe rent econom ic sectors and social groups, and 
the frag ility  o f critical infrastructure. H igh resolution, 
m icro-scale assessment should be perform ed for 
areas w ith  greatest hazard exposure.

Exposure in fo rm ation  derived from  the  hazard 
assessment process -  for example, scenarios o f sea- 
level rise or po tentia l inundation  areas o f tsunam is
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or coastal storm  surges -  may be used to  define the 
geographical lim its o f the assessment. However, one 
could also consider the Identification o f geograph i
cal lim its using adm inistrative boundaries w h ich 
encompass d ifferent social groups, critical Infrastruc
tures and land-use patterns tha t m igh t be Impacted 
by coastal hazard events. It Is crucial tha t bo th  the 
natural science and the social science perspectives 
are taken Into consideration.

Vulnerability Is a dynam ic state. Trends In vulnerabil
ity should be considered In order to  forecast future 
risks tha t m igh t affect em ergency planning and 
strategic m itigation, or Indeed be a conseguence o f 
any planning and m itigation tha t has already been 
undertaken. The tem poral scale should relate also 
to  the Identified hazard. Assessing vu lnerability  to 
a rapid-onset hazard needs a short-term  tlmescale 
gu lte different to  the long-term  v iew  appropriate to 
sea-level rise or coastal erosion. The tem poral scale 
o f the assessment should thus relate to  the po licy 
maker's needs.

The tem poral scale o f the assessment o f vulnerabil
ity depends on the d ifferent tools and data used for 
the assessment, as well as on the assessed elements 
or processes at risk (people, bu ild ings and critical 
Infrastructure, econom ic activities, environm ental 
services). The assessment o f vulnerability  using cen
sus data should, If feasible, encompass a short- or 
m edium  tim e span to  assess the current situation 
and to  understand major trends In dem ography and 
socio-econom ic deve lopm ent (e.g., th rough data 
covering the last 10 years). Overall, the tem poral scale 
o f the assessment needs to  take Into account the 
function  o f the assessment and the application pro
cess. If the assessment Is Intended to  serve as a con
tinuous m on ito ring  too l w ith in  the ICAM processes,

the tem poral scale Is no t lim ited. If the assessment Is 
to  help Identify actual vulnerability  hotspots, then It 
can be based on available data or data tha t can be 
gathered w ith in  a short- or m edium  tim e span.

Overall, the capture o f data tha t a llow  the Identifica
tion  o f changes and Interactions Is recom m ended. 
For example, It m igh t be Instructive to  draw atten
tion  to  the tem poral changes In vulnerability  o f set
tlem en t structures In the coastal area or the  dem o
graphic changes tha t have occurred as a result o f 
changes In exposure w ith in  the last 20 years. This Is 
especially true If the ICAM strategy focuses on the 
deve lopm ent o f fu ture guidelines and deve lopm ent 
goals for the next 10-20 years. Furthermore, the 
assessment needs to  select a tem poral scale appro
priate to  the specific subject o f analysis. If, for exam
ple, the vulnerability  to  creeping environm ental 
changes should be docum ented, the tim e horizon 
o f these creeping changes needs to  be considered. 
If the assessment alms to  focus on climate change 
vulnerability, the tlmescales o f the IPCC scenarios 
should be considered and potentia l socio-econom ic 
changes or projections could be developed. In order 
to  ensure the applicab ility o f the approach, the most 
appropriate tem poral scale m ust reflect the specific 
tools and Intervention Instruments, as well as the 
data and the tim e available to  conduct the vulner
ab ility assessment.

5.4  GATHERING GEO-REFERENCED 
VULNERABILITY DATA

The use and application o f geospatlally referenced 
data are useful and recom m ended, particularly If 
the vulnerability  assessment alms to  con tribu te  to  a 
better understanding o f Interactions between haz
ard scenarios and hum an w ellbe ing or livelihoods.

W ith current GIS techno logy It Is possible to  overlay 
a natural hazard map on the socioeconom ic condi
tions or settlem ent structures, show ing w h ich  peo
ple and assets w ou ld  be Impacted and w hat their 
degree o f vulnerability  m igh t be. These maps could 
even be used w ith in  the ICAM process to  discuss, 
w ith  exposed com m unities, a potentia l response (by 
Im proving preparedness or th rough m itigation) to 
these respective hazards.

The m apping o f social, econom ic and environm ental 
conditions and trends In relation to  potentia l hazard 
exposure can be a powerfu l too l to  underline the 
need for vulnerability  reduction before an event 
strikes the coastal com m un ity  or region (See Box 
5.11 and Fig. 5.1). Overall, It Is Im portant to  note tha t 
no t all the Inform ation and assessment results need 
be mapped. Additional vulnerability  Inform ation tha t 
cannot be adeguately geo-referenced can Instead 
be docum ented and explained In reports.

5.5 APPRAISING THE DIMENSIONS OF A 
COMMUNITY'S VULNERABILITY

In order to  assess or evaluate the aggregated vu l
nerability o f a coastal com m un ity  to  specific coastal 
hazards, them atic  dim ensions (or spheres) o f com 
m un ity  vulnerability  In respect o f the hazard should 
be Identified (see boxes 5.4 and 5.8). The Im portant 
dimensions w h ich should be taken Into consider
ation w ith in  ICAM Include:
• hum an and social;
• physical and econom ic; and
• environmental.

Physical vulnerability, relating to  bu ild ings (also 
referred to  as structural vu lnerability) and econom ic 
vu lne rab ility  may be treated separately, If preferred.
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BOX 5.5 Tsunami risk assessment of coastal areas in Indonesia in the context of Early Warning -  the GITEWS Project (see also boxes 5.3 and 5.9)

GITEWS pro ject alms for the Im p lem en ta tion  o f an 
effectlveTsunam l Early W arning System for the  Indian 
Ocean, m ainly off-coast Indonesia. It Is s trong ly con 
nected to  IOC-coordinated IOTWS activities In the 
region. The system Integrates terrestrial observation 
networks o f seism ology and geodesy w ith  marine 
m easuring sensors, satellite technolog ies and pre
calculated sim ulation scenarios. An effective early 
w arn ing system plays a key role In disaster risk reduc
tion  o f low -freguency b u t extrem e events like tsu 
namis. For enhancing Its effectiveness, vu lne rab ility  
and risk assessments play a key role, con tribu ting  sig
n ifican tly  to  disaster risk reduction. The know ledge 
abou t exposed elem ents, the ir susceptib ility, and 
cop ing and adapta tion mechanism s Is a p recond i
t ion  fo r the  deve lopm en t o f peop le-centred w a rn 
ing structures, local specific evacuation planning and 
recovery po licy planning.

Conseguently, the  fo llow ing  fundam enta l d im en 
sions o f risk are guantlfied:
• The probab ility  o f occurrence, the  m agnitude, 

and the  spatial d is tribu tion  o f the hazard Intensity 
(hazard assessment, see Section 4).

• The susceptib ility  and degree o f exposure o f v u l
nerable elem ents (popu lation, econom y, physical 
spheres and regions affected) to  a stressor or haz
ard.

• The ab ility  to  respond (coping) and recover from  
the disastrous Im pact o f a hazard.

Generally, the concept was established to  m on i
to r and guantlfy the spatial vulnerabilities w ith in  the 
tim eline o f disaster occurrence. That means that, at 
each location, the properties or deficiencies related to 
potentia l tsunam i Im pact -  people and critical facilities

exposed, warning (e.g., people's ab ility to  receive and 
understand a warning), response (e.g., people's deci
sion to  evacuate, people's capability to  evacuate), and 
em ergency relief and recovery (e.g., people's ab ility  to 
restore the ir livelihoods) -  are addressed and guan
tlfied. Hence, the deve lopm ent o f risk assessment 
com ponents reflects tem poral stages w ith in  disaster 
m anagem ent (warning chain, response and recovery 
phase). Conseguently risk assessment In the frame 
o f the GITEWS project contribu tes to  tw o  main tasks 
(Post et al., 2008a, b):
• enhancing crisis m anagem ent capacities (e.g., 

em ergency assistance) during an early warning 
scenario; and

• developing disaster risk reduction strategies, such 
as measures for adaptation and m itigation (e.g., 
evacuation and land-use planning, see sections 7.4 
and 8.3).

The risk assessment m ethodo logy was developed w ith  
respective Indonesian partners w ith in  a jo in t Indone- 
slan-German w ork ing group for risk m odelling and 
vulnerability  assessment. The risk assessment, m od
elled on the BBC holistic fram ew ork (Box 5.3), Is being 
conducted at tw o  scales w ith  different purposes: firstly, 
Inform ation for early warning and decision support 
conducted at a sub-national level covering the entire 
coastal area o f Indonesia facing the Sunda Trench; and 
second, addressing the provision o f sound Informa
tion  for disaster m anagem ent and risk reduction at the 
local level (e.g., support for spatial planning). The latter 
Is being conducted w ith in  three p ilo t areas (Padang 
In Sumatra, Cllacap In Java and Kuta In Ball) (see Fig. 
6.1). A t the sub-national scale, risk specific Inform ation, 
mainly In form  o f maps, Is being developed and pro
vided to  respective users.

Beside this, relevant risk assessment Information Is 
stored and available w ith in  the decision support system 
o f the Tsunami Early Warning Center In Jakarta. Here, 
risk Information Is visible as maps at different scales, 
and risk assessment Information Is available considering 
specific tsunami events (e.g., expected tsunami Impact 
area, people and critical facilities exposed, potential safe 
areas, response capability, people affected and tsunami 
risk Index) as tabulated data.

More detailed analysis Is be ing carried o u t at the 
local level w ith in  the  GITEWS p ilo t areas. Add itional 
In form ation -  detailed tsunam i Inundation  m ode l
ling and Im provem en t In hazard assessment, spatially 
detailed dynam ic popu la tion  d is tribu tion  (day and 
n igh t popu la tion  patterns), social response capabil
ity, detailed evacuation m ode lling  Includ ing vertical 
evacuation possibilities, po tentia l Infrastructure and 
bu ild ing  dam age to  d iffe rent tsunam i Intensities and 
live lihood rehab ilita tion capacity -  are addressed at 
th is assessment level. The respective risk assessment 
products are be ing developed taking Into consider
ation specific local p lann ing needs In the  con text o f 
disaster m anagem ent.

Besides generating risk assessment products at local 
and sub-national levels, the established assessment 
m ethodo log ies are Integrated Into gu idelines and 
m ethodo log ica l docum ents. The w ork  Is em bedded 
In capacity bu ild ing  activities (e.g., tra in ing, w ork
shops) In order to  facilita te use and upda ting  o f tsu
nam i risk assessment products.

Joachim  Post, Stephanie W egscheider (DLR);
Jörn Birkmann, Niklas G ebert (UNU-EHS).
Source: GITEWS Project. Courtesy DLR, UNU-EHS.
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BOX 5.6 The vulnerability of Small Island States to sea-level rise and coastal erosion

Robert N icholls Flooding caused by a high tide a t Funafuti, Fuvalu, February 2006.

Source: IPCC, 2007: Chapter on Coastal Systems and Low-lying Areas, Picture. © Monise Laaf ai

and Chapter on Small Islands.

The com m unities  o f small islands, especially low - 
lying atolls, are w ide ly  recognized as be ing th rea t
ened by marine hazards, w ith  long-te rm  sea-level 
rise (and o ther clim ate change) be ing a major 
concern w h ich  was addressed in a dedicated sec
tion  o f the  IPCC Fourth Assessment Report (AR4). 
Small island states are concentra ted in three broad 
regions: the  Caribbean, the  Indian Ocean and the 
Pacific Ocean. This vu lne rab ility  reflects a high 
exposure, lim ited data, little  local expertise to  assess 
the  dangers, and a low  level o f econom ic activ ity  to  
cover the costs o f adaptation, and often the  (local) 
retreat op tion  (Section 8.2) is no t v iable due to  lim 
ited space. Any long -te rm  rise in sea level could 
have catastrophic effects in m any island states w ith  
w idespread floo d ing  in the  m ore low -ly ing islands 
such as the  Maldives, Kiribati and Tuvalu. Even the 
'h igh ' islands in island regions appear threatened, 
as hum an activities are concentra ted in the  hazard
ous areas around the  coast. Hence it is im p o rtan t 
to  iden tify  critical thresholds o f change beyond 
w h ich  there m ay be collapse o f the  ecological (e.g., 
coral reefs) and social systems on these islands. 
These threats raise the  spectre o f a planned reloca
tion  (retreat) to  safer locations, som etim es in o ther 
countries, w ith  in ternationa l im plications.
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BOX 5.7 ICAM tak in g  coastal hazards in to  account: th e  case o f Bangladesh

The coast o f Bangladesh is know n as a zone o f vu l
nerabilities as well as opportun ities. It Is prone to  
natural disasters Includ ing tropical cyclones, storm  
surges and river floods. The com b ina tion  o f na tu
ral and m an-m ade hazards, such as erosion, high 
arsenic con ten t In groundw ater, w a te rlogg ing , 
earthguake, w ater and soil salinity, various form s 
o f po llu tion  and the  risks from  clim ate change, 
have adversely affected lives and live lihoods In the 
coastal zone and slowed dow n the  pace o f social 
and econom ic developm ents. In 2005, the  Govern
m en t o f Bangladesh Im plem ented a new  concep t 
o f Integrated Coastal Zone M anagem ent, by adop t
ing a Policy Note on coastal m anagem ent (h ttp ://  
w w w .lczm p b a n g la d e sh .o rg /re p /czp o /czp o _ e n g . 
pd f) and establishing the  Program D eve lopm ent 
O ffice (PDO-ICZM). The main o u tp u t o f the  PDO-

ICZM Is the Coastal D eve lopm ent Strategy (CDS), 
tha t Is based on, and Integrates, the  fo llow ing :
• establishing a coastal zone policy;
• setting up a p rio rity  Investm ent program m e;
• Im proving com m u n ity  capacities to  enhance 

livelihood;
• enabling Institutional and legal environm ent; 

and
• establishing an Integrated coastal resources 

know ledge base.

Three Indicators have been considered for de ter
m in ing the  landward boundaries o f the  coastal 
zone o f Bangladesh. These are: Influence o f tidal 
waters, salin ity Intrusion and cyclones/storm  
surges. N ineteen districts o f the  cou n try  are being 
affected d irectly  or Ind irectly by som e or all o f

these phenom ena. The districts are considered 
d irectly  vulnerable to  natural hazards. The exclusive 
econom ic zone (EEZ) Is regarded as the  seaward 
coastal zone. The main goal o f the  Bangladesh's 
Integrated Coastal Zone M anagem ent Is to  'cre
ate cond itions In w h ich  the  reduction o f poverty, 
deve lopm en t o f sustainable live lihoods and the 
In tegration o f the coastal zone Into national p ro
cesses can take place'. The G overnm ent has fo rm u 
lated this coastal zone po licy  tha t w ou ld  provide 
general gu idance to  all concerned w ith in  the  19 
coastal districts for the  m anagem ent and deve lop
m en t o f the  coastal zone, enabling coastal people 
to  pursue the ir life and livelihoods w ith in  a secure 
and conducive environm ent.

Alice Soares

The hum an and social dimension
Social vu lne rab ility  Is m ulti-faceted. It changes bo th  
spatially and over tim e. Major transform ations o f 
the  population 's size, Its econom ic cond ition  and 
social characteristics make this d im ension pa rticu 
larly dynam ic. Age, Income, health and education 
are basic features affecting the  physical and eco
nom ic  cond ition  o f an Individual. D ifferent levels o f 
education and Income are likely to  reflect d iffe rent 
levels o f know ledge abou t hazards and risk. Poor 
peop le m ig h t be vulnerable because the ir financial 
assets and resources are lim ited and the ir Income 
and w ork  may be seasonal. Poor, w om en-headed 
households, e thn ic  m inorities and elderly people 
are com m o n ly  am ong vulnerable groups. Know l
edge abou t the  possib ility  o f coastal hazards and

the ir Im pacts Is also Is a key for vu lne rab ility  reduc
tion. M igrants and holidaym akers w ho  have no 
experience o f such hazards are often  am ong the 
m ost vulnerable to  the ir Impacts (see Box 5.2). 
W hen assessing the  socia l/hum an dim ension o f a 
com m unity 's  vulnerability , It Is Im portan t to  Identify 
Its specific characteristics.The fo llow ing  parameters 
should be given particular a tten tion:
• popu la tion  density;
• popu la tion  gender (I.e., percentage o f w om en);
• children, disabled and /o r e lderly peop le (per

centage);
• mean Income;
• know ledge o f coastal hazards;
• tim e  and dura tion  o f liv ing In coastal areas;
• level o f education;

• access to  w arn ing  Inform ation;
• pow er relations; and
• access to  resources tha t m ig h t he lp to  bu ild  resil

ience.
The main guestlons to  be answered In assessing
social vu lne rab ility  are sum m arized as follows:
• How  m any people are liv ing and /o r w ork ing  

w ith in  the  zone(s) o f potentia l Inundation?
• To w h a t extent are people pro tected from  haz

ard Impact?
• W hich social groups are m ost vulnerable to  the 

coastal hazard Impact?

Physical and economic dimension (including
critical infrastructure)
Procedures for the  assessments o f potentia l eco
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nom ic losses are qu ite  advanced and often  link 
losses to  specific land-use types, bu ild ing  struc
tures or econom ic activities exposed to  the various 
coastal hazards. The m ethodo log ies  tend to  focus 
m ainly on the  econom ic values exposed and the ir 
dam age functions, the  latter relating to  observed 
dam age to  an Inundation parameter, such as the 
w ater depth. Damage func tions  are a m ethod  o f 
linking hazard to  dam age or loss.

In contrast, procedures fo r the  assessment o f the  
vu lne ra b ility  o f critica l In frastructure have ye t to  
be developed. M any dom estic  and com m ercia l 
opera tions cease to  fu n c tio n  w ith o u t the  services 
o f critica l In frastructure -  pa rticu la rly  energy sup
ply, b u t also w a te r and sewerage services (Box 
5.8). Interestingly, such In frastructure Is co m m o n ly  
located In hazard-prone coastal areas and may 
there fore  be pa rticu la rly  vulnerable. This d im e n 
sion o f vu lne ra b ility  needs to  be taken  Into accoun t 
w hen dealing w ith  bo th  business c o n tin u ity  and 
the  suscep tib ility  o f econom ic  ac tiv ity  In hazard- 
prone zones. The fu n c tio n in g  o f critica l In frastruc
tu re  (heating, p iped water, san ita tion, etc.) Is also 
Im p o rta n t fo r m any da lly activ ities o f coastal co m 
m un ities  and Is there fore  a key Issue w hen dealing 
w ith  the  d is rup tion  o f live lihoods and da lly ac tiv i
ties. Em ergency response and disaster recovery 
can be h indered by hospita ls and o ther In frastruc
tu re  be ing c ritica lly  affected.

Main questions to  be answered In assessing physi
cal and econom ic vu lne rab ility  are:
• W hat Is the  capital value at risk w ith in  the  po ten 

tial exposed zone?
• W hat Is the  like lihood th a t physical assets (bu ild 

ings) w ill be dam aged and the  capital value 
lost?

BOX 5.8

A country's critical Infrastructures consist o f those 
physical and In form ation techno logy  facilities, 
networks, services and assets w h ich, If d isrupted 
or destroyed, w ou ld  have a serious Im pact on the 
health, safety, security or econom ic w e ll-be ing 
o f citizens, or the  effective fun c tion ing  o f gov-

• To w ha t extent Is Infrastructure pro tected from  
hazard Impact?

• How  vulnerable are critical Infrastructure services 
provided by critical Infrastructures?

• W ho Is m ost dependen t on these critical Infra
structure services (facilities such as hospitals or 
econom ic sectors such as a glass factory)?

• How  Is econom ic vu lne rab ility  chang ing over 
time?

• Have physical structures been Im proved to 
reduce the potentia l econom ic dam age due to 
coastal hazards?

Environm ental dimension
The assessment o f environm enta l vu lne rab ility  Is 
necessary to  evaluate the  short-, m ed ium -, and 
long-te rm  environm enta l dam age tha t could be 
caused by coastal hazard events and to  achieve an 
awareness o f the  environm enta l resilience o f the 
designated areas (boxes 5.9 and 5.10).

Environm ental resources and the  environm enta l 
services on w h ich  coastal com m un ities  depend 
can be severely degraded no t on ly by catastrophic 
Inundation b u t also by gradual long -te rm  sea-level 
rise. One o f the m ost Im portan t resources th a t can 
be Im pacted Is fresh w ater (bo th  surface water 
and groundw ater) tha t Is used for d rinking and

Critical infrastructure

ernm ents. Critical Infrastructures extend across 
m any sectors o f a country's econom y, Including 
banking and finance, transport and d is tribu tion , 
energy, utilities, health, food and w ater supply 
and com m unications, as well as key governm ent 
services.

agricu lture In m any coastal regions. Sea-level rise 
and m ajor m arine Inundation, as well as reduced 
freshwater discharge from  rivers In delta regions, 
can cause serious salination o f these resources w ith  
m ajor Im plications for hum an health, livestock and 
agriculture.

On the G ulf Coast o f the  United States, waves and 
currents generated by hurricanes are capable o f 
m oving large am ounts o f sand. During the  m ost 
extrem e wave events, changes can occur across the 
w id th  o f an entire barrier Island. Beach erosion, dune 
erosion, overwash, Island breaching, marsh ero
sion and coastal c liff erosion have been observed, 
reshaping the  coastline and destroying bu ild ings 
and Infrastructure, h igh lig h tin g  the  Im portance o f 
the  environm enta l d im ension o f vulnerability.
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BOX 5.9 Coastal environmental vulnerability assessment to storms at regional scale

flood  vu lne rab ility  Index 

erosion vu lne rab ility  Index

coastal vulnerability 
index to storms

GIS beach 
database

V  7

wave data

tide  data

definition of 
storm classes

« -M S

induced response 
of storm classes

vu lne rab ility
calculator

fram ew ork to  estimate the coastal environm ental 
vulnerability  to  storm  Impacts at a regional scale 
has been developed and tested on the Catalan 
(NW Mediterranean) coast. It consists In a five-step 
procedure (see figure, right): (I) characterization 
o f the forcing -  storm  classification -  In the study 
area; (¡I) evaluation o f the Induced beach response 
-  measured In term s o f Inundation and erosion; (III) 
coastal zone characterization -  GIS database com 
prising data on all the beaches along the Catalan 
coast; (lv) de fin ition o f a coastal vulnerability  Index 
to  storms -  a com posite o f tw o  partial vulnerabil
ity estimations, the flood vulnerability  and the ero
sion vulnerability  Indices, and (v) assessment o f the 
coastal vulnerability.

The selected approach serves to  assess the environ
mental vu lnerability  to  "representative"storms. First, 
local storms are classified using a 5-class system 
(weak, moderate, significant, severe and extreme) 
obtained by using wave power as classification 
parameter. For each storm  class, the Induced physi
cal coastal response (erosion and Inundation) Is cal
culated separately for representative beach types 
(sedim ent grain size and slopes) In the area.

Partial vulnerability  Indexes have been defined as 
a function  o f the ratio between a measure o f the 
m agnitude o f the Induced physical response (Inun
dation and erosion) and the main Involved charac
teristics o fth e  beach (he lghtand w id th  respectively). 
The response Is obtained from  statistics o f calcula
tions for each process (wave run-ups and surges on 
the one hand and beach retreat on the other) for

all storms w ith in  a class. Beach characteristics are 
obtained from  actual values Included In a GIS data
base. This Inform ation Is also used to  decide which 
value o f Inundation and erosion estimates should 
be used (depending on the sed im ent and slope o f 
the beach). Finally, bo th  Indices are Integrated Into a 
single composite, reflecting the overall vulnerability  
by weight-averaging the partial values.

This approach has been app lied  to  assess the  v u l
ne rab ility  o f th e  Catalan coast to  storm  Im pacts 
In such a w ay tha t, at present, five vu lne rab ility  
maps exist fo r all beaches along the  600 km -long

coast. This should p e rm it coastal m anagers to  
associate a g iven set o f  actual or forecasted wave 
con d itions  to  one storm  class and, using the  cor
respond ing v u ln e ra b ility  map, to  rap id ly  Identify  
the  areas sensitive to  such storm  cond itions. The 
regional assessment fo r class-V storm s (extreme) 
Indicates tha t the  m ain c o n trib u to r to  the  vu lne r
a b ility  a long the Catalan coast Is flo o d in g , con 
tro lled  m a in ly  by wave run-up.

José A. Jimenez and Tonatluh Mendoza
Principal source: Coastal Vulnerability to Storms in the Catalan coast. 
More information available at: (http://www.tdx.cat/TDX-041410S- 
122517)
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BOX 5.10 Assessing community and environmental vulnerability on the Australian coast
W ith in  the environm enta l vu lne rab ility  d im ension, 
parameters tha t need to  be taken in to  accoun t are:
• surface water;
• groundw ater;
• soil;
• ecosystem services;
• landscape; and
• dependency o f coastal com m un ities  on these 

environm enta l resources and services.

For each o f these parameters, the characteristics 
tha t could be affected by the  hazard event should 
be identified. For example, for an inundation  event, 
the  "surface w ater qua lity  com p on en t" param eter 
has to  be stud ied in term s o f salinity, the presence 
o f debris and o f po llu tants. For each selected char
acteristic (e.g., salinity) the  possible im pact may be 
evaluated considering environm enta l resilience 
bo th  w ith , and w ith o u t, hum an in te rven tion. Such 
analysis w ill facilita te the  prio ritiza tion  o f m itiga 
tion  and rehab ilita tion measures. Furtherm ore, it 
is essential to  analyse w hethe r the  coastal com 
m un ity  is dependant on one resource base -  for 
example, a surface w ater resource -  or w he the r the 
co m m u n ity  has alternative surface w ater resources 
in the  h interland in case the  coastal wells becom e 
contam inated. Thus the  qua lity  and frag ility  o f the 
environm enta l resource base as well as the  depen
dence o f the com m u n ity  on th is resource base 
de term ine the  overall level o f environm enta l v u l
nerab ility  (see Box 5.10).

The Australian coastline is one o f th e  longest and 
m ost diverse o f any in the  w o rld , ex tend ing  for 
m ore than 35,000 km around the  m ainland, w ith  
a range o f o ffshore islands and a com p lex  o f coral 
reefs on no rth e rn  shores. Over 80% o f Australia's 
p o pu la tio n  live in the  coastal zone, focused in 
m e trop o litan  centres b u t w ith  rapid expansion 
on n o n -m e tro po litan  parts o f the  eastern and 
sou th -w este rn  coasts. Coastal se ttlem ents  are 
already sub ject to  a num ber o f hazards, m ost o f 
w h ich  are likely to  be exacerbated as a result o f 
c lim ate  change. Several approaches have been 
adop ted  in the  d iffe ren t states and te rrito ries  
to  assess the  vu lne ra b ility  o f shore line env iron 
m ents and com m u n itie s  to  various hazards.

In no rth e rn  Australia, the re  are extensive low - 
ly ing coastal and estuarine plains th a t flank the 
large m acro tida l river and estuary systems. Salt 
w a te r threatens to  invade the  un ique  freshw ater 
w e tlands th a t have established over the  plains' 
surface and w h ich  are the  basis o f an expand
ing tou rism  indus try  centred on Kakadu National 
Park. The extension o f tida l creeks has already 
been observed on several systems, and the  v u l
ne rab ility  o fth e  plains has been assessed in term s 
o f several processes. These inc lude shore line e ro
sion, ove rto p p in g  o f low -ly ing  ridges, incursion 
o f seawater in to  freshw ater w e tlands and salt- 
w edge  in trus ion  fu rth e r upstream  exacerbated 
by possib le reductions o f river f lo w  (fig. a).

In South Australia, a similar, g e om o rpho lo g ica lly - 
based approach to  m app ing  the  suscep tib ility

o f coastal landform s to  erosion and in unda tion  
has been tria lled  in no rth e rn  Spencer Gulf, w here 
hom ogeneous geo log ica l/eco log ica l units, w ith  
a clearly de fined re la tionsh ip  be tw een elevation 
and substrate, p rov ided a surrogate fo r the  type 
o f coastal processes occurring , th a t can be used 
to  ind ica te vu ln e ra b ility  (fig. b).

In trop ica l Q ueensland, w here there  is a series o f 
small tow n s  established on the  low -ly ing  plains 
flank ing  the  m ou ths o f river systems, there  are 
concerns ab ou t the  po ten tia l im p ac t o f trop ica l 
cyclones. These se ttlem ents  are already prone to  
in un da tio n  by storm  surges. The risks to  these 
com m u n itie s  are an tic ipa ted  to  be exacerbated 
as a consequence o f th e  likely in tens ifica tion  o f 
storm s, superim posed on the  trend  o f g radually 
rising sea-level. M ode lling  provides an ind ica tion  
o f th e  p robab le  ad justm ents to  the  recurrence o f 
extrem e w ate r levels, a lth ou gh  the  reso lu tion o f 
to p o g ra p h ic  survey data is genera lly insu ffic ien t 
to  assess the  de ta iled  risk to  in frastructure. More 
precise surveys ad op ting  techn iques such as 
a irborne LIDAR are needed to  c o m p le m e n t the  
surge m od e llin g  (fig. c).

In New  South Wales, the  beaches are sub ject to  
massive erosion du ring  storms, pa rticu la rly  in 
response to  east coast cyclones. The cu t-and- 
fill pa tte rns are likely to  mask the  m ore sub tle  
response to  gradual sea-level rise, and a n u m 
ber o f erosion m ode lling  approaches have been 
deve loped (fig. d).

(Continued on next page)
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BOX 5.10 (Continued)

■ ■■.■ ■ ■

In Tasmania, a novel Indicative approach to 
shoreline geom orpho logy and stab ility has been 
adopted, using a line segm entation technlgue 
to  characterize the shoreline on the basis o f form  
and fabric, assigning attributes to  segments which 
can subseguently be used to  define vulnerability  
classes (fig. e). Recently, this linear segm entation

5 .6  HOW TO DETERMINE THE LEVEL OF 
VULNERABILITY FOR EACH DIMENSION

The In fo rm a tion  acgulred ab ou t the  various d im e n 
sions o f vu lne ra b ility  should be m erged, If feasible, 
to  create an In tegrated vu lne ra b ility  m ap show ing 
the  ho tspo ts  o f vu lne rab ility . This regulres the  no r
m alization and w e ig h tin g  o f d iffe re n t Indicators

approach, term ed the 'Smartllne', has been m od i
fied and extended on a national basis to  the entire 
Australian shoreline as part o f a first-pass assess
m ent o f coastal vulnerability. This Is the first national 
approach to  coastal vulnerability  In Australia.

Colin D. W oodroffe  and Nick Harvey

as w e ll as the  d e ve lopm e n t o f v u ln e ra b ility  levels 
and classes th a t a llow  the  In teg ra tion  o f very  d if
fe ren t types o f In fo rm a tion  and GIS layers.

One exam ple Is to  aggregate several Indicators 
Into a useful and m ean ing fu l aggregated Indicator. 
In the  case s tudy o f Indonesia (Box 5.11), "Access

to  In fo rm a tion  and K now ledge" encom passes fou r 
Indicators. Furtherm ore, logical, verbal a rgum en
ta tive  or statistical m ethods  can be used to  g roup  
and com b in e  Ind icators and to  m erge the m  Into 
a s ing le Index th a t can be Illustra ted and show n 
In a vu lne ra b ility  map. If the  co m m u n ity  has no t 
deve loped Its ow n  goals and standards to  classify 
vu lne rab ility , the  m ost reasonable approach to  
derive d iffe re n t levels o f vu lne ra b ility  Is the  spatial 
com parison be tw een d iffe ren t regions. Regions 
w ith  a h igh percen tage o f e lderly  peop le  and 
ch ildren, and w ith  lim ited  access to  In form ation , 
health facilities and educa tion  m ig h t be defined 
as m ore vu lne rab le  than those w here peop le  have 
a low er percen tage o f e lderly  and ch ild ren as well 
as a be tte r access to  In fo rm a tion  (early w arn ing), 
educa tion  and health facilities.

The d e ve lopm e n t o f vu lne ra b ility  levels can also 
be sup po rte d  by using statistical m ethods, such 
as an analysis o f the  variance or a fac to r analysis 
to  Iden tify  appropria te  th resholds and classes o f 
h igh, m ed ium  and low  vu lnerab ility . M ost Im por
ta n t Is the  Iden tifica tion  o f certa in patte rns and 
m ore vu lne rab le  areas com pared to  less vu lne ra 
ble. W hile fo r every assessment the  Ind ica tor value 
m ig h t d iffe r slightly, the  spatial d is tr ib u tio n  and 
com parison o f th e  In fo rm a tion  Is crucial.

A lternative ly, the  use o f o ther logical approaches 
or a pa rtic ipa tive  too l to  decide on the  m ost 
Im p o rta n t Ind icators and the  w e ig h tin g  am ong 
the m  cou ld be considered. Even results o f s ingle 
Ind icators cou ld  be do cum e n ted  regard ing d if
fe ren t areas, thus show ing  a relative vu lne ra b ility  
-  the  d ifferences be tw een the  areas. The m ost 
Im p o rta n t Ind icators cou ld also be derived by 
using a regression analysis to  Iden tify  those vari-
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abies th a t have the m ost s ign ifican t In fluence on 
the  overall p icture. W hat Is Im p o rta n t at th is stage 
Is tha t, In the  assessment, the  results o f single 
Ind ica tor analyses and also the  aggregated Index 
results are docum en ted , plus the  m ethods used to  
arrive at these results. The assessment should firs t 
be carried o u t separate ly fo r each o f th e  vu lne r
a b ility  dim ensions. S im ple egual w e igh ts  cou ld  be 
app lied  to  com b ine, e.g., the  social and econom ic 
vu lne ra b ility  layers.

It w o u ld  be desirable to  deve lop  th resho lds for 
social, physical and econom ic, and env ironm en ta l 
vu lne rab ilities  w ith in  the  ICAM process. However, 
In m ost areas, precise goals w h ich  cou ld  serve as 
th resho lds fo r the  classification o f vu lne ra b ility  and 
non-vu lne rab le  con d itions  do no t exist. In lieu o f 
such goals, a pragm atic  approach Is the  de ve lop 
m en t o f relative vu lne rab ility , tak ing In to consider
ation  the  variance o f vu lne ra b ility  be tw een d iffe r
en t parts o f th e  coastal area exam ined, or w ith in  
d iffe re n t social groups or critica l Infrastructures.

From a m e tho do log ica l p o in t o f view, d iffe ren t 
m ethods  cou ld  be used to  derive levels and classes 
o f vu lnerab ility . One o f th e  m ost com m o n  w ou ld  
be the  d iffe re n tia tion  o f th e  areas or groups In tw o  
or three vu lne ra b ility  classes -  thus one cou ld  o u t
line green, ye llow  and red areas o f vu lnerab ility . 
Furtherm ore, statistical m ethods  such as the  cal
cu la tion  o f th e  standard dev ia tion  cou ld be used 
to  Iden tify  th resho lds fo r levels o f vu lnerab ility . 
The results o f th e  re liab ility  test and standard dev i
a tion  cou ld  be used to  de fine  the  range o f classes 
th a t ensure th a t the  actual values can be g rouped 
In to  classes w h ich  show  m ajor differences. It 
w o u ld  depend on the  e n d -p ro d u c t w hether, for 
exam ple, all the  d iffe re n t levels o f vu lne ra b ility  are

show n In a m ap (w ith  the  o p tio n  o f Inc lud ing  6 -8  
classes and levels o f vu lne rab ility ), or w h e th e r the 
aggregation  and Illustra tion o f vu lne ra b ility  levels 
should be lim ited  to  the  three colours o f a tra ffic  
lig h t -  red, orange and green (see Fig. 5.1).

Beside the  ju s tifica tio n  o f th e  classes used to  dis
tingu ish  d iffe ren t levels o f vu lne rab ility , It m ig h t 
also be he lp fu l to  assess vu ln e ra b ility  trends and 
to  exam ine w h e th e r In the  past these trends 
reached d iffe ren t vu ln e ra b ility  levels. Particularly 
If one alms to  evaluate actions and In te rven tions 
w ith  these vu ln e ra b ility  Indicators, the  levels and 
vu lne ra b ility  classes need to  be re la tive ly sensitive 
to  changes due to  these In terventions. If a general 
ove rv iew  o f vu ln e ra b ility  In a larger coastal area 
Is regulred (the m acro scale), c ruder vu lne rab il
ity  levels such as low, m idd le  and h igh m ig h t be 
suffic ient. Lastly, the  de ve lo p m e n t o f vu lne rab il
ity  levels w ill also depend heavily on the  specific 
e lem en t at risk. For exam ple, fo r social groups d if
fe ren t m ethods are needed com pared to  critical 
Infrastructures.

To com pare and derive vu lne ra b ility  levels fo r c r it i
cal In frastructure and the ir various com p on en ts  
-  e.g., w ith in  an e lec tr ic ity  ne tw o rk  -  the  ne tw ork  
s tructure  Itself, the  transform ers and the  various 
ne tw ork  stations, etc. can be assessed and classi
fied using the  m e tho d  o f u t ility  functions. In th is 
regard, each c o m p o n e n t Is evaluated accord ing 
to  Its value and Im portance  fo r the  w h o le  system. 
W hen a co m p o n e n t Is crucial fo r the  fu n c tio n in g  
o f the  entire  system, It w ill ge t m ore values as a 
co m p o n e n t th a t can be replaced by o th e r existing 
com ponents . For exam ple, If a m ajor transform er 
sta tion fo r e lec tr ic ity  from  h igh vo ltage  to  m idd le  
vo ltage  fa iled and the  local transform ers and sub

stations were unable to  com pensate fo r th is  loss, 
then  the  transfo rm er sta tion  from  h igh vo ltage  
to  m idd le  vo ltage  w o u ld  be a crucial co m p o n e n t 
w hen dealing w ith  the  critica l e lec tric ity  Infra
structure.

W ith in  the  fram ew ork  o f th e  ICAM process, local 
and regional stakeholders should Involve respec
tive  com panies and agencies or NGOs to  discuss 
the  vu ln e ra b ility  th resho lds and the  classification 
m odel used. Overall, due to  a lack o f specific  v u l
ne rab ility  th resho lds and goals fo r vu lne ra b ility  
reduction , the  assessment o f relative vu lne rab il
ity  seems to  be an appropria te , practical w ay to  
derive respective v u ln e ra b ility  levels, tak ing Into 
accoun t the  variance w ith in  the  area or country. In 
th is  regard, com parison o f th e  d iffe ren t vu lne rab il
ity  values, fo r exam ple, d iffe re n t areas w ith in  the  
ICAM region, Is recom m ended ; also com parison 
o f the  values w ith  national or regional averages. 
For som e Indicators, In ternational norms, such as 
the  de pe nd ency  ratio or norm s fo r the  calcula
tio n  and m easurem ent o f Illiteracy, can be used. 
Finally, stakeholders th a t m ig h t be partners w ith in  
the  ICAM process do have an ove rv iew  o f d iffe ren t 
vu lne ra b ility  levels. For exam ple, the  urban p lan
n ing au thorities  In som e areas have a cata logue 
regard ing the  earthguake and tsunam i resistance 
o f d iffe re n t b u ild in g  types. These cata logues can 
also serve as a basis to  derive vu ln e ra b ility  levels 
fo r bu ild ings.

5 .7  DISPLAYING VULNERABILITY  
INFORMATION -  M APS, MATRICES AND  
REPORTS

The results o f the  classifications o f vu lne ra b ility  
levels fo r each Ind ica tor can be p lo tted  on the -
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m atie vu lne ra b ility  maps th ro u g h  GIS softw are  or 
can be do cum e n ted  in m atrices and reports, using 
d iffe re n t colours fo r the  d iffe ren t vu lne ra b ility  lev
els, in order to  g ive a v ie w  o f the  main vu lne rab ility  
features. GIS softw are provides a flex ib le  system, 
w h ich  allows each end-user to  ob ta in  specific, 
custom ised ou tputs.

If the  aim is to  in fo rm  the  local po pu la tio n , it 
m ig h t be useful to  m in im ize the  d iffe re n t vu lne r
a b ility  levels to  three: green (low  vu lne rab ility ), 
ye llow  (m iddle) and red (high vu lne rab ility ). These 
colours are co m m o n ly  se lf-exp lana to ry and m ig h t 
n o t need to  m uch add itiona l in fo rm ation . If the  
m aps or reports regard ing v u ln e ra b ility  are for 
a specific end-user, such as fo r urban p lann ing, 
add itiona l, m ore deta iled in fo rm a tion  pa rticu la rly  
re levant fo r p lann ing  cou ld be inserted. Similarly, 
m aps fo r critica l in frastructure  m ig h t need to  be 
m ore deta iled, fo r use by disaster response agen
cies w h ich  reguire an appropria te  basis fo r evacu
ation and preparedness strategies.

Overall, the  vu ln e ra b ility  in fo rm a tion  w ith in  ICAM 
processes should be visually a ttrac tive  and should 
encom pass d iffe re n t form ats, such as maps, m a tri
ces and reports. Also, sho rt m ovies or d ig ita l 
m aterial m ig h t be he lp fu l to  expla in w h a t vu lne r
a b ility  is and w h ich  ho tspots o f vu ln e ra b ility  were 
de tected  du ring  the  assessment. D isplaying v u l
ne rab ility  in fo rm a tion  should also a llow  d iffe ren t 
stakeholders to  id en tify  po ten tia l ways o f reduc
ing vu lne rab ility . Thus the  in fo rm a tion  should be 
action -re levan t and shou ld  he lp  to  p ro m o te  the  
de ve lo p m e n t o f strategies to  reduce vu lne rab ility . 
For exam ple, local adm in is tra tions cou ld  be in te r
ested in bu ild ings  vu lne rab ility , in order to  b e t
te r plan urban de ve lo p m e n t and urban renewal.

Insurance com panies m ig h t need in fo rm a tion  
regard ing "physical vu lne rab ility " to  set insurance 
p rem ium s in d iffe ren t areas. Local au thorities, 
em ergency m anagem en t and hum an itarian  assis
tance agencies cou ld  be in terested in soc io -eco
nom ic  and env ironm en ta l aspects o f vu lne rab ility  
to  concen tra te  the ir e fforts  -  m itig a tio n  and p re
ven tion  strategies -  in ho tspots o f vu lnerab ility .

M any aspects o f v u ln e ra b ility  can be m apped and 
there fore also be com b in ed  w ith  hazard in fo rm a
tion  to  produce  a risk m ap (Section 6.3). In the 
d e ve lopm e n t o f vu ln e ra b ility  maps, the  spatial 
reso lu tion o f these m aps should m atch the  end- 
user needs. If specific in fo rm a tion  fo r urban p lan
ning, fo r exam ple, is reguired, the  maps should 
pe rm it illus tra tion  o f the  m ost vu lne rab le  areas 
at 1:100,000 and 1:50,000 m ap scales (Fig. 5.1). If 
the  assessment is ta rge ted to  produce a general 
ove rv iew  at a national level, m uch smaller-scale 
maps w o u ld  be appropria te . Furtherm ore, experi
ence shows th a t maps fo r the  ind iv idua l features 
o f vu lne ra b ility  (soc io-econom ic vu lne rab ility , 
in frastructure  vu lne rab ility , etc.) should be deve l
oped in add ition  to  an in tegra ted  map, w h ich  can 
usefully ou tlin e  how  vu ln e ra b ility  com pares w ith  
o ther regions.

The end-user should be involved w hen de ve lop 
ing specific  vu ln e ra b ility  maps. For exam ple, in 
the  GITEWS p ro jec t in Indonesia, vu lne rab ility  
and exposure in fo rm a tion  were in tegra ted  in to  a 
"response m a p "th a t estim ates at sub-na tiona l and 
local levels ho w  m any peop le  w o u ld  p o te n tia lly  be 
able to  evacuate them selves to  safe areas. D em o
graph ic v u ln e ra b ility  features as well as physical 
vu lne ra b ility  characteristics were com b ined.

For a m ore general vu lne ra b ility  map, the  social 
fab ric  o f th e  exposed po pu la tio n , the  educational 
level and awareness ab ou t the  coastal hazards are 
key features th a t can be spatia lly  com pared (Box 
5.11). It m ig h t be also be useful to  in tegra te  a phys
ical vu lne ra b ility  layer th a t shows areas exposed 
to  coastal f lo o d in g  in w h ich  a vertica l evacuation 
in bu ild ings  w o u ld  be possib le (see Fig. 7.3). As a 
s ta rting  po in t, de ve lo p m e n t o f th e  fo llo w in g  fou r 
types o f vu ln e ra b ility  m ap is recom m ended:
• soc ioeconom ic  and hum an vu lne ra b ility  map;
• physical vu ln e ra b ility  m ap (vulnerable b u ild 

ings) (see Box 5.12);
• v u ln e ra b ility  m ap o f critica l in frastructure  (hos

pitals, e lec tr ic ity  ne tw ork , schools, etc.); and
• v u ln e ra b ility  m ap o f env ironm en ta l services 

(see Box 5.12).
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BOX 5.11 Sub-national vulnerability assessment to tsunami risk in Indonesia in the context of Early Warning -  the GITEWS project (see also Box 5.5)

The assessment o f vu lne rab ility  w ith in  the  GITEWS pro ject aims to  com pare 
the  vu lne rab ility  be tw een d iffe rent regions at the  coasts o f Sumatra, Java and 
Bali, particularly focusing on the  aspect o f th e  potentia l o f loss o f life du ring  a 
tsunam i event. Tsunami risk assessment is linked to  the  guestion o f effective, 
peop le-centred early w arn ing and evacuation. W ith this focus, the  vu lnerab il
ity  indicators developed fo llo w  the assessment gu id ing  guestions:
• Do exposed peop le have access to  warning?
• Do they know  how  to  respond to  warnings?
• Are they  able to  reach a safe place in due tim e  (evacuation)?

The com p lex ity  o f th e  relevant vu lne rab ility  factors con tribu ting  to  the po ten 
tial loss o f life during a tsunam i event reguires an in tegrated assessment 
approach by inc lud ing hum an vu lne rab ility  factors (e.g., exposure o f th e  p o p 
ulation, age, gender, know ledge and access to  in fo rm ation) and spatial and 
physical vu lne rab ility  factors (e.g., the  "reachability" o f safe places as a fun c 
tion  o f land use, topography  and distance relationships betw een safe places 
and se ttlem en t areas). The ta rge t audience o f the  vu lne rab ility  assessment 
products are authorities from  the local to  the  national level w h o  need to  take 
know ledge-based in te rven tion  decisions for the  deve lopm en t and the o p ti
m ization o f th e  early w arn ing chain, the  awareness o f th e  popu la tion  at risk 
and the  evacuation strategy.

The m ost crucial challenges o f sub-national assessments are data gaps and 
the  a tte m p t to  calculate and m ap locally based vu lne rab ility  patterns on a 
coarse scale. Nevertheless, by utiliz ing a varie ty o f m ethods, such as rem ote 
sensing and GIS technigues, and the  analysis o f available national statistical 
data, im p o rtan t vu lne rab ility  in fo rm ation  can be generated tha t allows com 
parison o f vulnerable regions. For the hum an vu lne rab ility  factors, existing 
statistics in Indonesia (e.g., the  Population Census 2000) were utilized and 
processed. These provided dem ograph ic  data (d istributions o f th e  popu la tion  
at the  coastline, gender and age); data regarding the  access o f households 
to  in fo rm ation  (and warnings), represented th rou gh  the  indicators o f access 
to  e lectric ity  and m ob ile  phones; and data regarding the  level o f education 
w ith in  a region, representing people's degree o f an tic ipated response to  tsu
nami warnings. For the  case o f the  spatial and physical vu lne rab ility  factors, 
land-use characteristics, street networks, spatial relationships o f evacuation

in frastructure and popu la tion  d is tribu tion  were analyzed by using rem ote 
sensing and GIS technigues. The in tegra tion  o fth e  hum an and spatial /  physi
cal dim ensions o f vu lne rab ility  yield an overall vu lne rab ility  index, classified 
in to  low, m odera te and high vulnerability. The m ore vulnerable a region is, 
com pared to  others, the  m ore likely peop le are unable to  evacuate in due 
tim e, thus po tentia lly  suffering h igher loss o f life during a tsunam i event.

The s tudy o f th e  sub-national assessment w ill be com p lem ented  by assess
m ents o f vu lne rab ility  at local scales in the  p ilo t areas o f GITEWS. Here, par
tic ip a to ry  research m ethods and guan tita tive  household surveys were also 
conducted  jo in tly .

To ou tline  the usefulness o f vu lne rab ility  in form ation, pre lim inary maps o fth e  
vu lne rab ility  assessment to  tsunam i risk in Indonesia are shown. The maps 
provide a first ou tline  on how  vu lne rab ility  in fo rm ation  can be represented in 
maps at the sub-national level.

Exposure as a factor o f vulnerab ility
The firs t m ap (fig. a) shows the degree o f popu la tion  exposure to  a tsunam i 
event (people per hectare in the  hazard zone). The estim ation has tw o  major 
functions. Firstly, it serves as an ind ica tor tha t links the  hazard and the  vu lne r
ab ility  com ponent. Secondly, the  ind ica tor is related to  the  available space for 
evacuation (pathways and safe place capacity), thus playing an im p o rtan t role 
fo r the  estim ation o f th e  potentia l o f loss o f life du ring  a tsunam i event (over
all vu lne rab ility  map). Here, the  m ap shows a m ajor d ifference betw een the 
islands o f Java and Sumatra. In Sumatra especially, urban centres are indicated 
as h igh ly  exposed (red), whereas in Java high popu la tion  densities also occur 
in rural areas.

Access to inform ation and know ledge as a factor of vu lnerab ility
The second m ap (fig. b) shows the "access to  in fo rm ation  and know ledge" in 
d iffe rent coastal regions in Indonesia. The red zones indicate a low  level o f 
access w h ile  green and ye llow  areas are generally be tte r o ff regarding people's 
access to  in fo rm ation , the ir education level and the ir access to  electricity. The 
m ap shows tha t, particularly in Sumatra, the  southern part and the  islands in 
fro n t o f Sumatra have to  be seen as hotspots, w h ile  cities such as Padang have

(Continued on next page)
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BOX 5.11 (Continued)

fig. b Access to in fo rm ation  f ig ,  ¡ j  im m ediate response capability

(Continued on next page)

fig. a Exposure fig. c Demographic susceptibility
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generally a h igher level o f access to  In form ation and know ledge. In Java, the 
north -w este rn coastal regions particularly can be Identified as a hotspot, w h ile  
the  region o f Ball Is relatively be tte r off.

Dem ographic configuration of regions as a factor of vulnerab ility
Interestingly, the  analysis and visual presentation o f th e  dem ograph ic  suscep
tib ility  Index (third map, fig. c) shows that, particularly In m id - to  north -w estern 
Sumatra, there are areas w ith  a s ign ificantly  h igher dem ograph ic  susceptib ility  
(relatively m ore elderly, children and w om en) representing a lower response 
capacity to  m anage successful evacuation. The Islands In fro n t o f Sumatra also 
show  up as a ho tspo t o f dem ograph ic  susceptib ility. In Java, the  north -w est 
shows up as a ho tspo t as well.

Spatial and physical m orphology as a factor of vulnerab ility
W ith respect to  the  spatial analysis o f the  "reachability" o f safe places w ith in  a 
given tim es lo t at the  Indonesian coastline, ho tspots appear especially on the 
M entawal Islands o ff  the  Sumatra coast and various sub-districts in Sumatra 
(see fig. d). In Java, especially the  western part o f th e  south coast shows rather 
good cond itions fo r successful evacuation. This is due largely to  the  cliffed 
topography  in th a t area.

Aggregated vu lnerab ility
As one pre lim inary result, an aggregated vu lne rab ility  m ap (see fig. e) was 
developed, encom passing the  indicators used to  exam ine the exposure o f 
people (fig. a), the  access to  in fo rm ation  and know ledge (fig. b), the  de m o
graphic susceptib ility  (fig. c) and the  physical and spatial factors tha t in fluence 
the capab ility  o f peop le to  reach a safe place in due tim e  (fig. d).

The dra ft m ap o f th e  aggregated vu lne rab ility  index shows in teresting pat
terns. The islands in fro n t o f Sumatra are hotspots o f vu lne rab ility . Furthermore, 
im p o rtan t sub-national differences are revealed such as the  differences w ith in  
the  province o f Aceh and the  differences betw een the  c ity  o f Padang and the

fig. e Aggregated vulnerability

area o f Padang Pariaman. In Java, the  north -w este rn part is s ign ificantly  less 
vulnerable than, fo r example, the  south-west. In conclusion, the  sub-national 
vu lne rab ility  assessment, in the  con text o f tsunam i risk and early w arn ing in 
Indonesia, reveals th a t it is no t the  cities, b u t the  rem ote and rural areas (e.g., 
islands in fro n t o f Sumatra as well as the  north -w este rn part o f Java) th a t are 
hotspots o f vulnerability. The hotspots tha t the assessment clearly reveals 
m ig h t be a basis to  define p rio rity  areas for risk reduction efforts, e.g., w ith in  
the  ICAM process.

W hile these sub-national assessment results are a first analysis abou t the  gen
eral situation, m ore detailed in fo rm ation  can be given by the  vu lne rab ility  
maps produced for the  local and d is tric t levels (see Fig. 5.1), based on qualita
tive (e.g., Participatory Rural Appraisal) and guan tita tive  data co llection  m e th 
ods and processing.

Jörn Birkmann and Niklas G ebert (UNU-EHS), Joachim  Post (DLR)
Sources: GITEWS Project. Courtesy UNU-EHS, DLR.
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Fig 5.1 Tsunami vu lnerability map a ta  local scale.
This map (a t 1:100,000 m ap scale) covers the c ity  ofC ilacap in Java, Indonesia. I t  shows the vu lnerability (high=red; moderate=yellow; low=green) o f  people 
towards the tsunam i hazard. The map combines in fo rm ation  on the degree o f  exposure and  people's ab ility  to respond.

Source: GITEWS project. Courtesy DLR.
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BOX 5.12 The CRATER project: Coastal Risk Analysis of Tsunamis and Environmental Remediation

For Thailand's coastal areas w ith  a high popu la tion  density, a presence o f va lu
able infrastructure, tourism  and environm enta l resources sub ject to  tsuna
mis, the  CRATER pro ject has assessed the potentia l dam age due to  tsunam i 
waves. This has provided in fo rm ation  for the  vu lne rab ility  and risk assessment 
reguired for the  design o f prevention and m itiga tion  plans, for the  deve lop
m en t o f p ro tection  structures and for appropria te  environm enta l uses o f the 
coastal areas.

The pro ject has Involved analysis o f the tsunam i's effects th rou gh  hazard m ap
ping and vu lne rab ility  and risk assessment and evaluation; It has calculated 
w ater levels and current velocities associated w ith  possible tsunam i floods. 
This has enabled the  evaluation o f vu lne rab ility  maps and provided data nec
essary for rescue planning. V ulnerability  has been assessed at regional and

local scales for the  various dim ensions, in particular the environm enta l and 
Infrastructure (bu ilt environm ent) vulnerability.

Field data and m ulti-criteria  analysis have been used fo r the  vu lne rab ility  evalu
ation and the com p ila tion  o f vu lne rab ility  maps. Two manuals -"O p tim iz a tio n  
o f evacuation plans"and "Creating tsunam i vu lne rab ility  and risk maps th rough  
GIS so ftw a re "- have been created as specific too ls to  gu ide local au thorities to 
assess and evaluate vu lne rab ility  w ith in  designated coastal areas.

Alessandra Cavalletti
Sources: Cavalletti et al., 2006; Dall'Osso et al., 2006.

The CRATER project is the Italian technical contribution to Thailand's 2004 tsunami-affected area, 
implemented by experts o f  the Italian Ministry o f Environment and Territory in association with experts from 
the Asian Disaster Preparedness Centre and the Ministry o f  Interior o f Thai land.

5 .8  DEFICIENCIES IN PREPAREDNESS

For the  assessment o f risk in respect o f a hazard sce
nario, It Is also Im portan t to  consider deficiencies In 
preparedness w h ich  m aybe m anifest as weaknesses 
o f Institutions and disaster-risk m anagem ent agen
cies. Early w arn ing systems, and evacuation p lan
ning and standard opera ting procedures for em er
gency response, as described in Section 7, m ay be 
lacking or Inadeguate. A no ther possible defic iency 
m ig h t be a lack o f risk transfer mechanisms, such 
as insurance. In general, such weaknesses may be 
grouped into:
• weaknesses In early w arn ing systems and 

responses In the  event o f a w arning;
• weaknesses related to  the  em ergency response; 

and
• risk transfer mechanism s fac ilita ting  post-im pact 

recovery.

O pin ion Is d iv ided as to  w he the r such deficiencies 
In Institutional preparedness should be assessed as 
a con tribu to r to  co m m u n ity  vu lne rab ility  -  "Insti
tu tiona l vulnerability". The presence o f good Insti
tutionalised capacities, effective organizations and 
good governance may be seen as reducing vulnera
bility. However, it may be argued th a t,fro m  a po licy
relevant p o in t o f view, the  responsib ility  concern ing 
preparedness should be placed on those agencies 
w h ich  are In charge o f preparedness (National or 
Local Em ergency Com m ittees), w h ile  vu lne rab ility  
should be the  responsib ility  o f those w h o  generate 
it. In these guidelines, the  top ic  o f "deficiencies in 
preparedness" is Included w ith in  the  section deal
ing w ith  vu lne rab ility  assessment.

Main guestions to  be answered w h ile  assessing 
deficiencies in preparedness are:
• Are there institu tions and organizations In place

w h ich  have the capacity to  deal w ith  coastal 
hazards and vulnerability?

• How  are d iffe rent institu tions coordinated 
towards an Integrative vu lne rab ility  and risk per
spective (perhaps th rou gh  the  ICAM process)?

• Are there w arn ing  systems In place and have 
these been tested?

• W hat Is the  w arn ing tim e  for em ergency 
response?

• Are there established procedures fo r em ergency 
response at national and local au tho rity  levels, 
and have these been tested?

• Are there adeguate levels o f national, local author
ity and com m u n ity  awareness o f the hazards?

• W hat Is the  level o f Institutional resilience?
• How  do these ins titu tions and organizations 

p rom ote  the  preparedness and resilience o f the 
m ost vulnerable groups, econom ic sectors, infra
structures and environm enta l services?
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• Are the re  in s tru m en ts  and too ls  in place to  
reduce v u ln e ra b ility  and to  p ro m o te  ad ap ta 
tio n  to  a cha ng ing  c lim a te  and m ore in tense 
and fre g u e n t coastal hazards?

A lack o f in s titu tio n a l p reparedness or a lack 
o f co o p e ra tio n  be tw e e n  d iffe re n t a d m in is tra 
tive  and p o litica l levels shou ld  be d o c u m e n te d  
and m e n tio n e d  in an assessm ent rep o rt, w h ich  
sho u ld  re late to  th e  v u ln e ra b ility  m aps and 
in c lu d e  a d d itio n a l in fo rm a tio n  a b o u t cop in g  
and a d a p ta tio n  to  th e  respective  hazards. The 
re p o rt co u ld  also d o c u m e n t h o w  these fin d in g s  
are g o in g  to  be ackn o w le d g e d  and used w ith in  
th e  ICAM process.

Remedial procedures dealing w ith  sho rtcom ings in 
preparedness are considered in sections 7 and 8.

5 .9  CHALLENGES AND OUTPUTS 

Challenges
Key challenges to  successful assessment o f vu lne r
ab ility  can include the  fo llow ing :
• In m any coastal areas the re  is a lack o f v u ln e ra 

b ility  assessm ent program m es. W hile  land-use 
plans, em e rge ncy  response and d e v e lo p m e n t 
plans m ay exist, the re  m ay be no c o m p re h e n 
sive kno w le dg e  o f th e  vu lne rab ility .

• A th o ro u g h  assessment o f the  v u ln e ra b ility  o f 
coastal c o m m u n itie s  (in all its d im ensions) to  
coastal hazards is an essential e lem e n t in the  
p re pa ra to ry  phase o f ICAM, an im p o rta n t too l 
th a t shou ld  be im p le m e n te d  by all au tho ritie s  
in charge o f disaster preparedness and risk 
red u c tio n  plans.

• V u ln e ra b ility  assessm ent reguires kno w le dg e  
o f the  co m m u n ity 's  exposure to  a hazard even t 
(see Section 4.3).

• Changes in v u ln e ra b ility  m ust be expected  as 
conseguences o f so c ioe cono m ic  and en v iro n 
m enta l changes. Future scenarios shou ld  be 
assessed. V u ln e ra b ility  assessments m ust be 
kep t under review.

Outputs
Key ou tpu ts  and results associated w ith  th is phase
may include:
• an asset database fo r the  coastal area be ing 

assessed;
• a p re lim ina ry  appraisal o f v u ln e ra b ility  car

ried o u t (perhaps lead ing to  a p re lim in a ry  risk 
appraisal, Section 6), so th a t local au tho ritie s  
and disaster red uc tio n  and p re ven tion  agen
cies m ay apprec ia te  the  im p o rta n ce  o f se ttin g  
up a plan w ith in  ICAM fo r v u ln e ra b ility  assess
m e n t o f th e  des igna ted  coastal area;

• in -d e p th  assessments o f each d im en s ion  o f

v u ln e ra b ility fo r  each o f the  recogn ized coastal 
hazards;

• vu lne rab ility  maps and reports produced, w ith  
the  invo lvem ent o f end users, fo r the  designated 
coastal areas, w hethe r at the  regional or the  local 
scale, covering each o f the  d iffe rent d im ensions 
o f vulnerability , and aggregated vulnerability , fo r 
each o f the  recognized hazards;

• v u ln e ra b ility  m aps and reports  cove ring  fu tu re  
scenarios, tak ing  in to  a cco un t the  like ly  co n 
seguences o f im p roved  em e rge ncy  p repared
ness (Section 7) and m itig a tio n  (Section 8);

• a p re lim in a ry  appraisal o f th e  state o f p re 
paredness in c lu d in g  early w a rn in g  practices, 
evacua tion  plans, Search and Rescue O pera
tion s  and risk transfer schem es; and

• c o m m u n ic a tio n  o f th e  v u ln e ra b ility  and p re 
paredness assessments to  all invo lved in the  
ICAM process.

5 .1 0  DATA REQUIREMENTS AND  
INFO RM ATIO N SOURCES

Table 5.1 id en tifie s  data sources th a t m ay be use
fu l in rea liz ing th e  v u ln e ra b ility  assessm ent p ro d 
ucts as described in th is  section.
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Table 5.1 In form ation sources for vulnerability assessment.

Products Variables and standards Sources Global program m es and data sets

Vulnerability maps

Social Demographic, gender and educational parameters;

access to  in fo rm ation and hazard awareness; exposure to  tsunam i risk

(how  many people are living in the  hazard zone (people per ha.))

Inundation and asset maps;

Local A u tho rity  census;

health and welfare services;

tourism  organizations; exposure and susceptibility

surveys

Physical and econom ic D istribution and value o f industry, agriculture and infrastructure; 

the  bu ilt environm ent; public utilities; existing hazard defences

Inundation and asset maps; 

land-use maps

Local and national authorities; 

u tility  suppliers;

trade and industry organizations includ ing ports,

agriculture and fisheries;

transport companies;

insurance companies;

exposure and susceptibility surveys

Environmental D istribution and value o f habitats supporting  human w ell-being; water 

supply, groundw ater guality

Inundation and asset maps; 

agriculture and fisheries organizations; 

w ater and sewerage utilities; 

environm enta l health authorities; 

exposure and susceptibility surveys

Other products

Vulnerability reports Vulnerability indicators as shown above, plus additiona l in form ation 

guantita tive  or gualita tive on cop ing  capacities

National and local statistics;

household surveys; additiona l reports in media and

local institu tions

There is currently no global standard

ized data set to  measure vulnerability. 

Perhaps th is is even not feasible 

-  hazard specific vu lnerab ility  and 

differences in regions (e.g., Europe 

versus Asia) have to  be taken into 

consideration.

77



M EASURING VULNERABILITY HAZARD AWARENESS AND RISK MITIGATION IN ICAM

Early warn ing Tsunami early w arn ing system in place;

com m unica tion  links from  national warn ing centre to  coastal com m un i

ties in place;

w arn ing schemes w ith in  coastal com m unities in place and tested; 

w arn ing schemes targe t vulnerable groups previously identified; 

evacuation routes properly iden tified w ith  visible signs; 

drills and simulations conducted to  test the  state o f readiness o f the  

com m un ity  to  respond to  a warning.

G overnm ent agencies; NGOs

Emergency response Emergency O peration Centres operational;

Standard O perating Procedures operational;

Search and Rescue teams well tra ined and well eguipped; 

tem porary shelters ready to  be used at an y tim e , properly staffed and 

w ith  suffic ient resources to  cope w ith  the  needs to  evacuees.

G overnm ent agencies, NGOs

Risktransfer Insurance and m icro-insurance provide adeguate coverage; 

catastrophe bonds in place to  ensure gu ick recovery; 

transparent and effic ient mechanisms in place to  access national em er

gency o r catastrophe funds.

Insurance companies; 

re-insurance companies; 

G overnm ent agencies; 

NGOs
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ASSESSING THE RISK

[  PHASES

This se c tio n  p ro v id e s  g u id a n c e  in d e te rm in in g  th e  

lik e lih o o d  o f  sp e c ifie d  loss and  d a m a g e  to  a coasta l 

c o m m u n ity , in c lu d in g  its p o p u la t io n , e co n o m y , 

s u p p o r t in g  e n v iro n m e n t and  its in s t itu t io n a l s tru c tu re s  

caused b y  th e  im p a c ts  o f  th e  coasta l hazards.

6.1 DETERMINING RISK IN AN ICAM CONTEXT

The risk assessment is the  cu lm ina tion  o f the  broad ly based social and environ
m ental assessment tha t form s the firs t step o f Phase II o f the  ICAM process, lead
ing to  the  preparation o f the  M anagem ent Plan (Section 2.2). As described here, 
the  risk assessment is a gualita tive ju d g e m e n t w h ich  draws tog e the r the  baseline 
and background know ledge gained from  the procedures o f hazard assessment and 
guan tifica tion  (Section 4) and the results o f the vu lne rab ility  assessment (Section 
5). Evaluation o f the  risk in fo rm ation  is a key procedure in the  creation and m ain te
nance o f the M anagem ent Plan (figs 1.1 and 1.2).

Key considerations
In these guidelines, the  te rm  "risk" refers to  the  like lihood o f danger and loss due 
to  coastal hazards as it may affect coastal com m un ities  (includ ing the ir build ings, 
econom ies and suppo rting  environm ent). The assessment o f risk is hazard-spe
cific -  for example, the risk to  a coastal co m m u n ity  from  progressive sea-level rise 
m ay be very d iffe rent to  tha t to  the same com m u n ity  from  a catastrophic tsunam i 
im pact. Just as there are d iffe rent d im ensions o f vu lne rab ility  fo r a coastal com 
m unity, so there are corresponding dim ensions o f risk. Thus the  assessment may 
deliver a range o f risk in form ation, depend ing on the  specific hazard and com 
m un ity  aspects considered. The p robab ility  estimates for each hazard type and its 
de fined scenario are com b ined  w ith  measures o f a com m unity 's  vu lne rab ility  to  
derive and m ap the  risks associated w ith  these hazards.
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BOX 6.1 Tsunam i risk assessment and m itiga tio n  fo r th e  p o rt city o f Galle, Sri Lanka

M any coastal cities o f Sri Lanka, inc lud ing the  historic po rt c ity  o f Galle, were 
severely dam aged by the  Indian Ocean tsunam i o f 2004, w ith  a large loss o f 
hum an lives. This was due to  the  m agn itude  o f the hazard and h igh vu lner
ab ility  o f the  coastal com m un ity , w h ich  was inadeguately prepared.

The tsunam i waves w h ich  reached the offshore waters o f Galle were prim arily 
waves d iffracting  around the  southern coast o f Sri Lanka. The c ity  lies beside 
a w ide  bay and a natural headland on w h ich  is located the  historic fort. In 
the  v ic in ity  o f the  headland, the  wave energy became concentra ted due to  
d iffraction. These waves were reflected by the  vertical solid walls o f the  fo rt 
and propagated around the headland. The canal on the  western side was a 
fac ilita tor in conveying the  massive wave and associated f lo w  towards the  c ity 
centre. To the  east, the  tsunam i m oved along the bay. The waves, w h ich  were 
increasing in he igh t due to  reduced w ater depths, were fu rthe r am plified by 
m od ified  shoaling processes arising from  reduced wave crest w id th  to  accom 
m odate the  bay shape, a phenom enon iden tified  as local enhanced exposure 
to  the tsunam i hazard. Poorly constructed build ings, in frastructure and inad- 
eguate drainage increased vulnerability. Preparedness against the  tsunam i 
hazard was non-exis tent leading to  a very high risk situation.

In order to  safeguard lives and pro tect infrastructure in the  future, a risk assess
m en t case study was undertaken for the city. The s tudy com prised fie ld  sur
veys, m athem atica l m odelling  for hazard assessment, investigations on vu l
nerab ility  and the deve lopm en t o f m itiga tion  measures, fie ld  surveys were 
carried o u t to  co llect data on inundation  he ight, the  d irection  o f the  first tsu
nami wave and the overall tsunam i hazard. The area stud ied was d iv ided in to 
a 250 m x 250 m grid. People liv ing w ith in  the  respective areas o f each grid 
sguare were in terviewed. The results o f the  study were used to  iden tify  safe 
areas and safe build ings, evacuation routes and refuge areas, and locations for 
evacuation route signage.

Lor a num ber o f source scenarios selected for the  Sunda/Java trench, m ode l
ling was carried o u t using de te rm in is tic  num erical models. General coarse-grid 
m odelling  was carried o u t for the  coastal region in the  southern parts o f the 
island and detailed fine -g rid  m odelling , inc lud ing tsunam i run-up and inun
dation was carried out. H igh resolution nearshore ba thym etric  data, ob ta ined

fo r the port, were used for study, along w ith  high resolution topograph ic  data 
ob ta ined from  LIDAR surveys (Pig. 4.1) o f the  coastal zone carried o u t after 
the  tsunam i. The results o f the  m odelling  and fie ld  surveys were used for the 
preparation o f a hazard m ap and in the  de te rm ina tion  o f evacuation routes. 
There are m any counterm easures tha t could be adop ted w ith in  the fram e
w ork  o f ICAM, in p lanning fo r a tsunam i and o ther coastal hazards th a t accom 
pany high waves. These include engineering in te rven tions such as p ro tection  
structures and regulatory in terventions in the fo rm  o f extension o f the  existing 
'setback'defence line. These need to  be supp lem ented w ith  pub lic  awareness 
on disaster preparedness, e ffic ien t evacuation procedures, incorporating, if 
necessary, planned evacuation structures tha t effective ly in tegrate w ith  the 
overall p lanning process.

A Master Plan had been deve loped before the  tsunam i fo r the  expansion o f 
the  port. In o rder to  m ain ta in  healthy exchange o f tida l f lo w  fo r the  conser
va tion  o f an existing coral reef system, the  design incorpora ted  an offshore 
detached breakwater, w h ich  co inc id en ta lly  has all the  characteristics o f an 
effective  tsunam i breakwater. By im p le m e n tin g  th is  p ro je c t w ith  a s ligh tly  
ex tended offshore breakw ater in the  d irec tio n  o f the  Galle Port, the  c ity  w ill 
have the  be ne fit o f a tsunam i breakw ater as part o f a p o rt de ve lopm e n t 
pro ject. M athem atica l m ode lling  con firm ed its effectiveness. A reve tm ent 
arm oured w ith  e ither rock or concrete needs to  be constructed  along the  
coastline to  sup p le m e n t the  tsunam i breakwater. These measures w o u ld  
also be effective against wave attack arising from  surges and extrem e w in d - 
forced waves th a t have a greater p ro b a b ility  o f  occurrence than an extrem e 
tsunam i wave. Measures to  reduce vu ln e ra b ility  and im prove preparedness 
were iden tified.

Physical m od e llin g  on a large scale was used to  investigate specific  tsunam i 
im pacts and the effectiveness o f counterm easures. T w o-d im ensiona l physi
cal m ode lling  was carried o u t to  understand the  effectiveness o f b io-sh ie lds 
(reefs, sand dunes and coastal vegeta tion). In add ition , physical m ode lling  
was carried o u t on rock-arm oured structures to  be used in c o n ju n c tio n  w ith  
bio-shields.

Sam Hettiarachchi
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BOX 6.2 Key tasks in the risk assessment procedure
Risk assessment, as described in these guidelines, 
is a qualitative procedure or ju d g e m e n t w h ich  
aims to  rank the  d iffe rent hazards according to  pre
de term ined thresholds or levels. W here suffic ient 
and appropria te  data are available, it may be pos
sible to  apply a quantita tive, statistical approach to  
risk assessment.

Risk is com m o n ly  defined as "hazard x vu lne rab il
i t y " -  the  p ro du c t o f the  assessed hazard probab il
ity  level (frequency, m agnitude) and the  assessed 
vu lne rab ility  level (losses, damage). The preced
ing sections on quan tifica tion  o f the  various haz
ards in term s o f exposure and probab ility  (Section 
4) and assessments o f vu lne rab ility  in term s o f its 
various dim ensions and inc lud ing  deficiencies in 
preparedness (Section 5) provide the  bases for risk 
assessments relating to  these hazards. Because the 
u ltim ate  goal is to  reduce risks to  acceptable levels, 
measures to  m anage the risks, planned or in hand, 
(sections 7 and 8) also need to  be considered.

It is im portan t to  understand tha t the risks are 
dynam ic and w ill norm ally increase both as the prob
abilities o f hazardous events increase and as the con
sequences or vulnerabilities in respect o f hazardous 
events grow. Conversely the risks can be reduced 
by hazard awareness and em ergency preparedness, 
and strategic m itigation. Given hum an-induced cli
mate change and the rapid grow th  o f coastal popu
lations and the ir assets, levels o f risk in respect o f the 
coastal hazards are generally increasing.

6.2  HOW TO MAKE A RISK ASSESSMENT

Risk assessment is a logical ou tcom e o f the  processes 
involved in hazard and vu lne rab ility  assessments. As 
w ith  those assessments, it assumes the  de fin ition  o f

• Define the  geographica l scale and extent o f 
the assessment, using de term ined geograph i
cal hazard lim its (Section 4).

• Define the tem pora l scale o f the  assessment.
• Integrate geospatially referenced hazard expo

sure in form ation and probabilities w ith  assessed 
vulnerability  using, e.g., GIS technology.

• Translate integrated hazard and vu lne rab ility  
o u tp u t in to  levels o f risk for each vu lne rab ility  
d im ension in respect o f each hazard; assess risk 
for separate vu lne rab ility  dim ensions or aggre-

its spatial and tem pora l scales, and its geographical 
limits. It entails the  in tegra tion  o f geo-referenced 
data on hazard exposure and p robab ility  w ith  the 
results o f the  vu lne rab ility  assessment (Section 5). 
The in tegrated o u tp u t is classified in term s o f the 
levels o f risk for each vu lne rab ility  d im ension (or for 
aggregated vu lnerability) for each hazard, and may 
be expressed in risk maps and reports for the  des
ignated coastal m anagem ent area. The assessment 
procedure specifically for tsunam is in the  Indian 
Ocean region is described in gu idelines produced 
as part o f the  Indian Ocean Tsunami W arning and 
M itiga tion  System (IOTWS; UNESCO, 2009).

Risk assessment in respect o f coastal hazards 
w ith in  ICAM should consider all the  relevant haz
ards and dim ensions o f vulnerability. Each d im en 
sion o f vu lne rab ility  -  hum an and social, physical 
and econom ic and environm enta l (Section 5.5) 
-  has a risk level in respect o f each o f the  hazards. 
An assessment o f risk needs to  be m ore than jus t 
a snapshot o f risk under present (baseline) condi-

gated, taking all d im ensions and deficiencies in 
institu tional preparedness in to  account.

• Produce risk map(s) fo r the  designated coastal 
m anagem ent area in respect o f selected haz
ard scenarios.

• Analyze and evaluate uncertainties.
• Assess fu tu re  risk(s) taking preparedness and 

m itiga tion  measures in to  accoun t (sections 7 
and 8).

• Com m unicate risk assessment to  po licy- and 
decision makers.

tions. The assessment needs to  address how  risk 
m ig h t change w ith  chang ing vulnerability , inc lud
ing existing and planned preparedness and m itiga 
tion  measures.

Successful m itiga tion  (sections 7 and 8) w ill reduce 
risk by constra in ing the  hazard and /o r reducing the 
vu lne rab ility  (includ ing im proving preparedness). 
However, environm enta l changes such as sea-level 
rise w ill progressively increase the risk. It is also 
im p o rtan t to  recognize th a t risk may increase over 
long periods due to  un in tended consequences o f 
m itiga tion , such as an increase in the  density o f 
habita tion and assets in new ly p ro tected b u t p o ten 
tia lly  exposed locations, particularly behind dykes 
and o ther defences. The im plica tions o f all these 
long -te rm  trends need to  be considered w ith in  the 
risk assessment process.

The timescales considered in risk assessment w ill 
vary from  one coun try  to  another, b u t it is w o rth  
no ting  tha t there is a m ove to  longer assessment
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periods due to  the  long -te rm  im plica tions o f m any 
m itiga tion  measures and the recogn ition  o f the 
dynam ic nature o f risk. Hence, som e countries are 
exp lic itly  considering a 100-year timescale, or even 
longer, fo r risk assessment (Box 8.2).

6.3 DISPLAYING RISK INFORMATION

Risk maps (Fig. 6.1) are useful décis ion-support tools 
for several d iffe rent stakeholders in the M anage
m en t Plan, e.g., local adm in istra tions and au tho ri
ties, disaster planners, insurance companies. Differ
en t stakeholders can use these maps no t on ly  for 
em ergency planning, bu t also fo r reducing po ten 
tial dam ages and losses th rou gh  logical and sus
ta inable urban planning (see Box 6.3).

The availability or acguisition o f reliable risk assess
m en t in fo rm ation  from  th is stage o f Phase II in the 
ICAM process is essential to  the fo rm u la tion  o f an 
ICAM M anagem ent Plan tha t takes the  coastal haz
ards in to  account. This applies bo th  for the  rapid- 
onset hazards as well as those creeping hazards 
w h ich  affect the coastal co m m u n ity  over the  m uch 
longer tim efram e (Phase III, Step 1). The risk assess
m ents for all aspects o f the  com m unity , bo th  at the 
present tim e  and in scenarios for the  years to  come, 
are essential e lem ents feed ing in to these con ds tag e  
o f Phase II o f ICAM. In this stage, strategies are devel
oped and defined. These take in to  accoun t present 
and fu tu re  social and environm enta l conditions, 
econom ic pressures,financial and hum an resources 
for im p lem en ta tion  and available data.This process 
is the  precursor to  the  fo rm u la tion  o f the M anage
m en t Plan (Step 3 o f the  Preparation Phase, Fig. 1.1), 
from  w h ich  the  strategy fo r the  m anagem ent o f the 
coastal hazards, as described in sections 7 and 8 o f 
these guidelines, w ill be determ ined.

A I  t A  1 a

Fig. 6.1 Tsunami risk m ap a t a local scale
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BOX 6.3

• Prelim inary Flood Risk Assessments required 
to  be com p le ted  by 2011

• Flood Risk Maps required by 2013
• Flood Risk M anagem ent Plans focused on 

prevention, p ro tection  and preparedness 
required to  be in place by 2015

• The Directive applies to  in land waters as well 
as all coastal waters across the  w ho le  te rrito ry  
o f the  European Union, (see Section 2.1)

Source: WISE -  Water Information System for Europe, European
Commission (http://ec.europa.eu/environment/water/flood_risk/
index.htm)

The EU Floods Directive, 2007:Timelines 
for actions by EU Member States

6 .4  CHALLENGES AND OUTPUTS

Challenges
Key challenges to  successful assessment o f risk can
include the fo llow ing :
• A cqu iring the  fu llest possible in fo rm ation  on 

hazard p robab ility  (for selected scenarios for 
each o f the  recognized hazards, Section 4) and 
on vu lne ra b ility  (Section 5). These are essen
tial prerequisites fo r a m ean ing fu l assessment 
o f risk to  coastal com m un ities , in c lud in g  the ir 
econom ies, the ir sup p o rtin g  ecosystem s and 
institu tions.

• Appropria te  data and resources for carrying ou t 
the risk assessment m ay be lim ited.

• Risk assessments should be carried o u t for 
fu tu re  scenarios as well as existing cond itions 
so tha t likely socioeconom ic and environm enta l 
changes may be taken in to  account.

• Uncertainties m ust be clearly iden tified w ith in  
the risk assessment.

Outputs
Key ou tpu ts  and results associated w ith  the  risk
assessment may include:
• assessments o f riskfor each dim ension o f vu lne r

ability, or aggregated vulnerability , produced in 
respect o f each o f the recognized coastal haz
ards (scenarios w ith  defined probabilities);

• risk maps and reports produced relating to  the 
d iffe ren t dim ensions o f vu lne rab ility  for each o f 
the  recognized hazards, taking deficiencies in 
preparedness in to  account, covering the  desig
nated coastal areas, w he the r at the  regional or 
the  local scale;

• risk maps and reports covering fu tu re  scenarios 
produced, taking in to  account the likely effects 
o f im proving em ergency preparedness (Section 
7) and strateg ic m itiga tion  (Section 8); and

• risk assessment ou tpu ts  effective ly co m m u n i
cated to  all levels involved in the  ICAM process. 
The assessments are vital inpu ts to  the  po licy
m aking process w ith in  ICAM, de te rm in ing  the 
nature and level o f response (M anagem ent 
Plans) w ith  the aim o f reducing risk.

Table 6.1 In form ation sources for risk assessment

6 .5  DATA REQUIREMENTS AND  
INFORMATION SOURCES

The fo llow ing  tab le identifies data sources tha t may 
be useful in realizing the risk assessment products 
described in th is section. It h igh ligh ts  the  depen
dency o f the risk assessment process on the hazard 
and vu lne rab ility  assessments described in sections 
4 and 5 o f these guidelines.
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Products Variablesand standards Sources Global programmes and data sets

Risk maps and reports for each iden ti

fied hazard in respect o f 

population, 

economics, 

environm ent and 

deficiencies in preparedness

Assessed probab ility  for 

each hazard type

Assessed vu lnerab ility  

parameters in respect o f 

each hazard type

See Section 4 

See Section 5
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7ENHANCING AWARENESS AND PREPAREDNESS

BOX 7.1 Key tasks to  enhance awareness and preparedness

This se c tio n  sets o u t g u id a n c e  on  th e  p ro ce d u re s  

to  re d u ce  th e  risks to  coasta l c o m m u n it ie s  th ro u g h  

aw areness and  p repa redness . It desc ribes  g o o d  p ra c tice  

b o th  in th e  te c h n ic a l p ro v is io n  and  c o m m u n ic a t io n  o f 

ea rly  w a rn in g  o f  th e  ra p id -o n s e t hazard  e ve n ts  and  in 

th e  d e v e lo p m e n t and  m a in te n a n c e  o f  p re pa redness  fo r  

e m e rg e n c y  response  to  such hazard  e ven ts  a t all leve ls 

o f  th e  c o m m u n ity . These m easures address d e fic ie n c ie s  

in  p repa redness , th e  assessm ent o f  w h ic h  is de sc rib e d  

in S ec tion  5.8, and  w h ic h  m a y  have c o n tr ib u te d  to  a 

c o m m u n ity 's  leve l o f  risk  in re sp e c t o f  hazard  im p a c ts . 

T o g e th e r w ith  S ec tion  8, th e  se c tio n  describes  p ro ce d u re s  

w h ic h  address th e se  to p ic s  w ith in  th e  Im p le m e n ta tio n  

phase  (III) and  C o n s o lid a tio n /R e p lic a tio n /E x p a n s io n  phase 

(IV) o f  th e  ICAM  process (Fig. 1.1; se c tio n s  2.3 and  2.4).

P rocedures  c o v e rin g  p re pa redness  fo r  ts u n a m is  are also 

d e sc rib e d  in g u id e lin e s  p ro d u c e d  as p a rt o f  th e  In d ia n  

O cean T sunam i W a rn in g  and  M it ig a t io n  System  

(IOTWS; UNESCO, 2009).

Identify  an appropria te  early w arn ing fram ework.
Raise awareness o f the  risk at all levels In the  com m unity .
Establish the  key operational requirem ents o f the  early w arn ing system. 
Prepare all levels o f the  com m u n ity  fo r em ergency responses.

7.1 IDENTIFYING AN EARLY WARNING FRAMEWORK

The provision o f early w arn ing facilities to  coastal com m un ities  Is a key part o f the 
deve lopm en t o f the  preparedness o f those com m unities  for cop ing w ith  the rapld- 
onset, po ten tia lly  catastrophic hazards. The o ther crucial part o f co m m u n ity  pre
paredness Is know ing w h a t to  do In the  event o f an alert being received from  a 
Regional Watch Centre and a w arn ing being Issued by a National W arning Centre. 
The planning and practising o f em ergency evacuation and o f procedures fo r deal
ing w ith  vulnerable people and utilities Infrastructure are priorities In establishing 
preparedness. These plans and procedures w ill be Incorporated In the  M anage
m en t Plan, w h ich  has been Inform ed by the  hazard, vu lne rab ility  and risk m apping 
In form ation produced by the  assessment procedures described In sections 4 to  6.

Experience over recent years regarding the  Impacts o f coastal hazards In devel
oped and deve lop ing countries alike has shown tha t Inadequate preparation for, 
and response to, em ergency situations has con tribu ted  to  w idespread dam age 
and loss o f lives and livelihoods. In som e Instances these sho rtcom ings have been 
due to  a lack o f w arn ing th rou gh  poor regional de tection  and com m unica tion  sys
tems. In m any cases, however, they have reflected Inadequate awareness, p lanning

85



ENHANCING AWARENESS A ND PREPAREDNESS HAZARD AWARENESS AND RISK MITIGATION IN ICAM

BOX 7.2 Raising awareness of disaster risk reduction -  recommended stepsand coord ination  on the  part o f national and local 
authorities, agencies, and people exposed to  such 
hazards. In som e cases, such inadequacies have 
resulted in catastrophic hum an losses w h ich  could 
and should have been avoidable. A particular chal
lenge for local authorities and agencies is to  create 
and m aintain an awareness o f rap id-onset hazard 
events that, in m any parts o f the  world , m ay recur 
on ly  after intervals spanned by m any generations.

Key considerations
Key questions th a t should be asked by all countries 
in the  ICAM con text are:
• Is there an adequate preparation for, and 

response to, coastal hazards?
• W hy is th is im portant?
• W ho and w ha t are risk?
• W hat could be the  consequences o f inaction?

The assessment o f deficiencies in preparedness has 
been addressed in Section 5.8. Such deficiencies 
certa in ly con tribu te  to  a com m unity 's  risk in respect 
o f the  coastal hazards, while , in the op in ion  o f some 
experts, they  are also d irect con tribu to rs  to  v u l
nerab ility  and should be accounted for w ith in  the 
vu lne rab ility  assessment. W hatever v ie w  is taken, 
awareness o f the  hazard-related risks and prepared
ness for them  fo rm  essential parts o f IOC's "end-to- 
end" early w arn ing system program m es in respect 
o f coastal hazards. These systems incorporate the 
early w arn ing system (EWS) fram ew ork developed 
and adopted by the  United Nations International 
S trategy for Disaster Relief (UN/ISDR) th rou gh  the ir 
Platform fo r th e  P rom otion o f Early W arning (PPEW). 
The PPEW fram ew ork is applicab le to  all natural 
hazards and integrates fou r d is tinc t elements:
• awareness o f the  risk;
• technical m on ito ring  and w arn ing  service;

Awareness cam paigns need to  include a w ide 
variety o f activities focused on various audiences 
and im p lem ented  by d iffe rent actors.

To develop an appropria te  awareness cam paign 
strategy, a cou n try  needs to:
• secure con tinued  resources for im p lem en ting  

awareness campaigns;
• de term ine w h ich  com m un ica tion  channels w ill 

appeal to  the w idest range o f stakeholders, to 
ensure the  cam paigns reach w om en and o ther 
high-risk groups;

• seekto  engage and in form  d iffe rent age groups 
so as to  bu ild  sustained understand ing across 
generations;

• establish relationships for the  invo lvem en t o f 
media professionals and other com m ercial and 
m arketing interests; and

• engage respected local officials, religious and 
co m m u n ity  leaders, and wom en's and o ther 
special interest groups, in order to  dissem inate 
in fo rm ation  and encourage partic ipation.

Measures th a t can sup po rt effective im p lem enta 
tion  o f an awareness cam paign include:
• selecting and undertak ing activities tha t w ill 

appeal to  ta rge t groups - such as educational 
cam paigns in schools and com m u n ity  cen
tres, com m u n ity  fairs, annual com m em orative  
events or festivals, and ne ighbourhood  safety 
drills and sim ulations;

• p ro m otin g  activities th a t enable school-aged 
children to  in fluence parents;

• encouraging private and com m ercial enter
prises to  raise awareness am ong the ir em p loy
ees, and create incentives for em ployees'w ider 
invo lvem en t in awareness campaigns, th rough  
such activities as sponsorships and advertising 
opportun ities ; and

• organizing workshops, forum s and educational 
activities fo r com m un ities  at local, social and 
cultural facilities.

Basic princip les o f awareness program mes:
• Programmes to  be designed and im p lem ented 

w ith  a clear understand ing o f local perspec
tives and requirem ents, descriptive materials 
reflecting local conditions.

• All sections o f society to  be targeted, inc lud
ing decision makers, educators, professionals, 
m em bers o f the  pub lic  and individuals liv ing in 
threatened com m unities.

• D ifferent types o f messages, locations and 
delivery systems are necessary to  reach the 
various ta rge t audiences.

• Sustained efforts are crucial to  success, 
a lthough  single activities such as com m em ora
tive disaster reduction  events and special issue 
cam paigns can be useful if they are part o f a 
larger, consistent program m e.

Source: UN/ISDR, 2007
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dissem ination o f m eaningfu l w arn ings to  those 
at risk; and

• pub lic  awareness and preparedness to  act.

7.2 RAISING AWARENESS OF THE RISK

The principal issues and activities relating to  rais
ing awareness o f the  need for hazard-related risk 
reduction are addressed below. They are relevant 
to  all levels o f governance w ith in  countries, no ta
bly am ong the  coastal com m un ities  at risk. These 
include the iden tifica tion  o f the  audiences tha t 
need to  be reached and the  form ats and means to 
com m unica te  the  risk to  them . Behind all o f these 
activities lies the need for a solid base o f political 
support, laws and regulations, institu tional respon
sibility, and trained people. Specific guestions are 
considered below.

W hat is the main goal fo r the  risk-awareness 
process?
The goal behind any risk-awareness process is to  
p rom ote  am ong people, the ir leaders and deci
sion makers an acceptance o f the  value concern ing 
the  m anagem ent o f hazards in order to  reduce the 
risks o f fu tu re  catastrophic losses. The ISDR recom 
m ended cam paign strategy to  raise awareness o f 
the  need for hazard-related risk and disaster reduc
tion  is given in Box 7.2.

W hat means and form ats should be used to  
com m unicate the risk?
These should be ta ilored to  the proposed targe t 
audience. In the  con text o f decis ion-m aking and 
disaster preparedness, risks are usually represented 
by means o f maps and m atrices w ith  com p le m e n
tary tex t (the ou tpu ts  o f procedures detailed in Sec
tion  6). Recom m ended measures to  be conveyed to

the general pub lic  for raising the  level o f awareness 
are listed in Box 7.2. In addition, there are needs to:

• sustain the  social m em ory concern ing events 
w h ich  have very long return periods; and

• p rom ote  awareness concern ing safe areas and 
evacuation routes.

Is there a specific fo rm at to com m unicate the  
hazard?
C om m unication  o f the  hazard to  those at risk 
should be conducted in a plain language or lan
guages (includ ing local languages) tha t are clear 
and understandable. This m ust take in to  consid
eration local experience and education, traditions, 
and culture. In addition, the  range o f com m un ica
tion  form ats and channels m ust be tailored to  the 
capacities and lim ita tions o f the  co m m u n ity  at risk, 
in term s o f the  media being used.

How can public be aw are of coastal hazards?
Posters and leaflets can be em ployed, as well as 
publications in mass media such as newspapers, 
magazines and the  In ternet (see boxes 7.4, 7.5 and
7.6). It is im p o rtan t to  consider the  in tended level 
(national, provincial, m unicipal, or local) at w h ich  
the  proposed risk maps w ill be em ployed.
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BOX 73 Okushiri Tsunami: Community response and mitigation measures at Aonae

Japan has a long history o f destructive tsunam is and, in response to  tha t 
s ign ificant threat, has developed effective tsunam i w arn ing  and m itiga tion  
procedures. M ost events have occurred along the  seismically active Pacific 
Ocean coast o f Japan -  the  Sea o f Japan is no t so active, seismically. However, 
a m agn itude 7.8 earthguake occurred in the  Sea o f Japan on 26 May 1983. 
This earthguake generated a tsunam i w h ich  struck Okushiri Island 20 m inutes 
after tha t earthguake, w ith  a m axim um  wave he ig h t o f 1.2 metres. As a result 
o f th a t  tsunam i and the  high level o f tsunam i awareness th ro u g h o u t Japan, 
the  residents o f Okushiri Island were aware o f the tsunam i hazard and had a 
tsunam i response plan.

On th e  even ing  o f 12 Ju ly 1993, an ea rthguake  o f m a g n itu d e  7.8 occurred 
in the  Sea o f Japan so u th w e s t o f H okka ido Island. This ea rthguake  was 
fe lt by th e  residents o f O kushiri Island and m any peop le , in sp ite  o f the  
late ho u r (10.17 p.m. local tim e), im m e d ia te ly  to o k  a p p ro p ria te  ac tion  and 
m oved to  h igh e r g ro un d  in land. A lth o u g h  the  JMA D is tric t M e te o ro lo g i
cal O bse rva to ry  issued a tsunam i w a rn in g  5 m inu tes  a fte r the  ea rthguake 
event, th e  firs t tsunam i wave reached O kushiri Island less than  5 m inu tes  
a fte r th e  earthguake , sw eep ing  away m any peop le  and hom es in th e  Aonae 
D is tric t on th e  sou th  coast o f the  island. Those hom es n o t destroyed by the  
tsunam i w ere destroyed by fires, fed by frac tu red  gas lines and to p p le d  
fue l containers.

In the tow n  o f Aonae, the tsunam i run-up was 5 -1 0  metres. A lthough m ost o f 
the com m u n ity  was able to  evacuate safely, 114 persons were killed. The people 
w ho  were killed were either unable to  evacuate guickly enough or, based on the 
1983 event, th o u g h t they had more tim e to  evacuate. In some instances, ind i
viduals left the ir homes, bu t then returned and were caught by the tsunami.

As a resu lt o f  th is  ca tas troph ic  tsunam i, g o v e rn m e n tfu n d in g  was p rov ided  
to  co n s tru c t/ra ise  th e  local sea w a ll and tsunam i em bankm ents , install 
s lu ice gates on fo u r rivers (w h ich  w ill au to m a tica lly  close one m in u te  after 
an em e rge ncy  a n n o u n ce m e n t fo llo w in g  an ea rthguake  event), and rein-

Evacuation p la tfo rm  a t Aonae p o rt

force som e slopes as tsunam i p re ven tion  measures. In s u p p o rt o f im p roved  
em e rge ncy  response, g o v e rn m e n t con s tru c ted  an evacua tion  p la tfo rm  at 
the  fish ing  p o rt (it is 6.6 m etres above sea level and can ho ld  a b o u t 440 
evacuees), d is tr ib u te d  a disaster p re ven tion  handbook, and s u p p o rte d  the  
purchase o f an em ergency  broadcast rece iver by every househo ld . In a d d i
t io n , the  Japan M e teo ro log ica l A ge ncy  de ve loped  an "earthguake em er
ge ncy  re p o rt" th a t is des igned  to  issue a tsunam i w a rn in g  tw o  m inu tes  
a fte r an earthguake.

The residents o f Okushiri Island had an em ergency response plan in place 
and had undertaken m itiga tion  measures prior to  the 1993 tsunam i. However, 
those preparations were no t adeguate. Since th a t tim e  the  various levels o f 
gove rnm en t have taken steps to  fu rthe r pro tect the island from  tsunamis, 
tho ugh  at considerable financial cost.

Fred Stephenson
Picture source: Laura Kong, ITIC



HAZARD AWARENESS AND RISK MITIGATION IN ICAM ENHANCING AWARENESS A N D  PREPAREDNESS

BOX 7.4 Societal impacts of storm surge and m itigation strategies in Far North Queensland, Australia

Far N o rth  Q ueensland Is In Australia's Tropical C yc lone -p rone  reg ion. Over 
the  last 50 years, la nd fa lllng  trop ica l cyc lones have been re la tive ly  in fre - 
quen t, a lth o u g h  many, I ike TC Larry in M arch 2006, have been severe. Poten
t ia lly  th e  m ost dangerous th re a t fro m  trop ica l cyc lones is s to rm  surge. W ith  
the  Great Barrier Reef run n ing  a long m uch the  coast th e  reg ion  is one o f 
Australia's p rim e  to u ris t de s tina tion s  and, in recent years, has experienced 
rapid and susta ined d e v e lo p m e n t and p o p u la tio n  g ro w th .

In the  late 1990s, w e a the r and em e rge ncy  services m anagers becam e 
increas ing ly  concerned  th a t the  region's g ro w in g  n u m b e r o f coastal res
iden ts  w ere c o m p la ce n t a b o u t the  trop ica l cyc lone  risk and it was ev i
d e n t th a t th e y  w ere  n o t respond ing  to  advice to  be w e ll p repared fo r the  
cyc lone  season.

In an e ffo rt to  unders tand  th e  c o m m u n ity  at risk and de fine  and u n d e r
stand th e  c o m m u n ity  hazard-re la ted risk pe rcep tion , a series o f surveys 
o f c o m m u n ity  residents and school ch ild ren  w ere  co n du c te d . The results 
o f these surveys con firm e d  tha t, w h ile  the re  was som e c o m m u n ity -w id e  
unde rs ta nd ing  and kno w le dg e  o f trop ica l cyclones, th e  re s ide n ts 'a w a re 
ness o f s to rm  surge and th e ir  p e rcep tion  o f the  risk associated w ith  
la nd fa lling  trop ica l cyc lones w ere  genera lly  ve ry  lim ited . M any residents 
m is taken ly  be lieved a local m yth  th a t the  reg ional ge o g ra p h y  and to p o g 
raphy, to g e th e r w ith  th e  close p ro x im ity  o f the  Great Barrier Reef, p rov ided  
a natural p ro te c tio n  fro m  trop ica l cyc lone  and s to rm  surge im pacts. It 
was also fo u n d  th a t m ost househo lde rs  d id  n o t kn o w  ho w  h igh  above 
sea level th e ir p ro pe rties  were, and th a t m any had a false con fide nce  th a t 
th e ir  hom es w ere  in safe locations, because th e y  had been b u ilt  w ith  local 
g o v e rn m e n t b u ild in g  approvals. C o m m u n ity  and school hazard educa tion  
p rogram m es and m ateria ls w ere fo u n d  to  be lim ite d  in local de ta il and 
o ften  p o o rly  de livered.

It becam e appa ren t tha t, ra ther than  be ing  co m p la c e n t a b o u t the  t ro p i
cal cyc lone  and s to rm  surge risks, m any in th e  c o m m u n ity  had, based on 
flaw ed and biased in fo rm a tio n , dec ided  th e y  w ere n o t at g reat risk and 
needed to  take o n ly  m in im a l p re cau tiona ry  action . W arn ings messages and 
defensive ac tion  advice were the re fo re  un like ly  to  be w e ll acted upon.

The Austra lian Bureau o f M e te o ro lo g y  opera tes w ith in  the  c o n te x t o f  a 
Total W arn ing System and w orks c lose ly w ith  p a rtn e r o rgan iza tions and 
em e rge ncy  services to  de ve lop  and de live r w a rn in gs  messages th a t are 
co m m u n ica te d  effective ly. This m eans th a t th e  w a rn in gs  in fo rm a tio n  is 
accurate and tim e ly , th a t it is de live red in a range o f fo rm a ts  via a range 
o f m edia, th a t te rm in o lo g y  is unde rs to od  and app rop ria te , and th a t it is 
rece ived by an in fo rm ed  and recep tive  c o m m u n ity  th a t is able to  pe rsona l
ize th e  risk and take e ffec tive  defensive actions.

W ith  the  greater kno w le d g e  and u n de rs ta nd ing  o f c o m m u n ity  be lie fs and 
pe rcep tions  o f trop ica l cyc lones and s to rm  surge, The Bureau o f M e te o ro l
ogy, to g e th e r w ith  pa rtne r agencies, has n o w  deve lope d  w a rn in gs  services 
and focused e d uca tion  cam pa igns th a t address th e  id e n tifie d  c o m m u n ity  
and in d u s try  needs, de scrib ing  the  hazards and exp la in ing  th e  risks. This 
s tra tegy  includes:
• W orkshops w ith  s takeho lders and th e  p u b lic  at the  b e g in n in g  o f the  

cyc lone  season.
• The p ro d u c tio n  o f p r in t m ateria l rang ing  fro m  fr id g e  m agne ts  w ith  s im 

ple defensive action  messages to  com prehens ive  bookle ts , m any loca lly  
spec ific  in detail.

• In fo rm a tio n  p rov ided  on Bureau and pa rtne r o rg an iza tio n  websites.
• C o n tr ib u tio n s  fo r inc lus ion  in school curricula .
• The p ro d u c tio n  o f 'S to rm w a tc h e rs '-  an in te ra c tive  ch ild ren 's  gam e, 

in it ia lly  on a CD and m ore  re ce n tly  ava ilab le  on th e  Bureau's w e bs ite  
(fig. a).

• Targeted in d u s try  sem inars w ith  pa rticu la r em phasis on the  region's 
to u ris t industry.

• Maps th a t id e n tify  areas o f re lative s to rm  t id e  risk fo r th e  local res iden
tia l c o m m u n ity  have been p roduced  and d is tr ib u te d  by Local G overn
m e n t a u tho ritie s  (fig. b).

• The in tro d u c tio n  o f th e  Q ueensland S torm  Tide W arn ing System to  sup 
p o r t po licy, c o m m u n ity  and in d iv idu a l dec is ion -m ak ing . This invo lves a 
co llab o ra tive  a rra ng em en t be tw ee n  the  Bureau o f M e te o ro lo g y  and key 
State and Local G ove rn m en t coun te r-d isas te r groups. W hen the re  is a 
th re a t o f tides exceed ing H ighest A s tronom ica l T ide (HAT), the  Bureau 
p rov ides tw o  types o f w a rn in g  to  these key stakeholders:
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BOX 7.4 (Continued)

- p re lim inary advice o f threa t up to  24 hours ahead;
- detailed warn ings inc lud ing guan tita tive  storm  tide  estimates issued 

from  12 hours before the  event;
- a storm  tide  w arn ing graphical p ro du c t (the 'to te m  pole') to  assist 

disaster managers to  in te rp re t the sea-level he ights given in the  tex t 
o f the  storm  tide  w arn ing  by the  Bureau. This illustrates the  predicted 
storm  tide  w ith  reference to  the  National Storm  Tide M apping Model 
(fig. c).

• Q ua lita tive  reference to  the  s to rm  tid e  th re a t is in c lud ed  in pu b lic  
cyc lone  w arn ings.

F o llow -up  surveys across th e  reg ion  co n firm  the  co m b in e d  effects o f the  
in tro d u c tio n  o f the  w e ll-s tru c tu re d  and d irec ted  awareness and educa 
t io n  cam pa igns and the  im p le m e n ta tio n  o f th e  Q ueensland S torm  Tide 
W arning System. These have raised p u b lic  awareness of, and sup p o rte d  
im p roved  p u b lic  response to, trop ica l cyc lones and, m ore particu larly , 
the  s to rm  surge threa t. This seems to  be ev idenced  by the  fa c t pu b lic  
p e rcep tion  o f the  risk is n o w  less biased. In 1996 52% o f the  p o p u la tio n  
be lieved th e  area to  be na tu ra lly  p ro te c te d  fro m  Tropical Cyclone im pact, 
w h ile  by 2002 th is  had fa llen  to  ju s t 7 per cent. Response to  Bureau w a rn 
ings has also im proved . In M arch 2004 coastal c o m m u n itie s  im p ac ted  by 
Severe Tropical Cyclone Larry co m p lie d  w ith  d irec tio ns  fro m  em ergency  
services to  evacuate, th e ir  decis ions to  leave th e ir p ro pe rties  based on 
th e ir  in fo rm ed  u n de rs ta nd ing  o f the  risk o f s to rm  surge.

Residents in co m m u n itie s  at risk need to  be em p ow ered  to  m ake sound 
and w e ll- in fo rm e d  decis ions a b o u t the  level o f  hazard-re la ted risk the y  
face and th e  defensive actions th e y  need to  take to  p ro te c t them selves, 
th e ir  househo lds and th e ir  com m u n itie s . This is an e ffec tive  p rim a ry  disas
te r m itig a tio n  s tra tegy  th a t can be ach ieved w h en  c o m m u n ity  needs are 
de fined  and unde rs tood , and addressed w ith  th e  prov is ion  o f specific  
and ta rge ted  in fo rm a tio n .

Linda A nderson-B erry

fig. a Stormwatchers -  an interactive  
electronic tropical cyclone and storm  
surge game. An education resource for 
prim ary  school students.

Source: (hftp://www.bom.gov.au/storm_watchers_ 
game/)
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fig. b Local area storm surge maps 
illustrate areas a t risk o f  inundation  
and help raise com m unity storm surge 
awareness.

Source: National Storm Tide and Mapping Model 
for Emergency Response, 2002; Issued by the 
Queensland Government, the Australian Bureau 
o f Meteorology and Emergency Management 
Australia.

fig. c The 'totem  po le ’ - a  graphica l storm  
tide warning graphica l p roduct developed 
to assis t  disaster managers, emergency 
services and  response agencies to interpret 
the sea-level heights given in  the text o f  the 
storm tide warning by the Bureau.

Source: Tropical Cyclone Storm Tide Warning- 
Response System Handbook, Eighth Edition, 2008; 
Issued by the Queensland Government State Disaster 
Management Group and the Australian Bureau o f  
Meteorology.
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BOX 7.5 Road siqnaqefor hazard awareness BOX 7.6 Informing communities about an 
Early Warning System

In Indonesia, road signs are used to  warn o f the 
tsunam i hazard. These have been designed by 
a local NGO -  KOGAMI -  for the  coastal c ity  o f 
Padang. They have been prin ted In the  local lan
guage to  p rom ote  awareness on the levels o f 
hazard. Hazard levels were defined by th is NGO 
In term s o f e levation o f the  land w ith  respect to 
mean sea level.

Is th e re  a connection betw een  public  
awareness and frequency o f th e  hazard?
O ne Issue to  consider w h en  c o m m u n ic a tin g  bo th  
th e  hazard and a pa rticu la r hazard-re la ted even t 
relates to  th e  popu la tio n 's  previous experiences 
o f such events. S torm  surges and extrem e w in d - 
fo rced  waves are m ore  fre g u e n t than  tsunam is, 
and thus  coastal peop le  m ay already be aware o f 
these hazards and h o w  to  m anage such events. 
However, w o rld w id e , tsunam is  are basically less 
know n, thu s  stra teg ies m ust be devised to  p ro 
m o te  awareness o f such events.

Are th ere  special ta rg e t audiences?
Special c o m m u n ic a tio n  e ffo rts  m ay be desirab le  
for:
• ch ild ren  liv ing  In coastal c o m m u n itie s  w h o  

shou ld  be m ade aware o f th e  hazards fro m  an 
early age; and

• tou ris ts  v is itin g  coastal areas w h o  m ay be 
un fam ilia r n o t on ly  w ith  the  hazards b u t also 
w ith  the  local ge og raph y  and language (see 
Box 5.2).

Road sign describing the 
tsunam i hazard in  Padang, 
Indonesia

7.3 ESTABLISHING KEY OPERATIONAL 
COMPONENTS OF AN EARLY WARNING  
SYSTEM

This section describes the  key operational aspects 
and com ponents  regulred fo r an effective coastal 
hazard w arn ing system.These Include data regulre- 
ments, egu lpm en t, products, te lecom m unications, 
outreach strategies and too ls  th a t com prise a full, 
peop le-centred system. Technical m on ito ring  and 
w arn ing services for coastal hazards, operated by 
technical and scientific agencies In m any countries, 
are playing an Im portan t role In m in im iz ing  fata li
ties, Injuries, and material and p rope rty  losses.

An early w arn ing system usually com prises seven 
com ponents:

earth data observations; 
data and In form ation collection; 
hazard event de tection ; 
hazard w arn ing system decision support; 
w arn ing and o ther products; 
d issem ination and no tifica tion ; and 
antic ipated response.

Some aspects o f the  first three o f these co m p o 
nents have been considered In sections 4 to  6 o f

Because tsunam is are very In freguent In some 
parts o f the  w orld , the  efforts relating to  the 
Im plem en ta tion  o f a tsunam i early w arn ing  sys
tem  need to  be supported  w ith  awareness cam 
paigns tha t Illustrate all aspects o f the  system, 
Includ ing signs In coastal areas Ind icating evacu
ation routes, safe areas, and o ther pe rtinen t 
In form ation concern ing the  system. It Is also 
Im portan t th a t visitors to  tsunam i-p rone coasts 
are adeguate ly advised o f the  potentia l hazard.

Leaflet describing a tsunam i early w arning system in 
Sri Lanka 
Source: UNU-EHS.

An EWS may encom pass specific aspects related to  
the  generation and dissem ination o f Inform ation, 
Its f lo w  and m anagem ent, and reliable and redun
dant means o f com m unica tion . Legal and Institu
tional aspects and standard opera ting procedures 
should also be considered. A llocation o f the  neces
sary resources for all tasks to  be executed Is crucial; 
w ith o u t w h ich  those agencies w h ich  are assigned
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new  responsibilities w ith in  the  EWS may no t be 
able to  execute them . In add ition , institu tional 
m andates may need to  be revised and m od ified  to  
incorporate new ly assigned tasks in the con text o f 
such EWS.

Successful end-to -end  systems require cooperation 
and co m m itm e n t o f all stakeholders. Stakeholders 
should be aware o f all procedures w ith in  such sys
tems. These comprise:
• Partners -  usually o ther gove rnm en t and no n 

gove rnm en t organizations th a t play som e role in 
the de tection , warn ing, and preparedness p ro
cesses. These include:
- Dom estic and in ternationa l data providers;
- G overnm ent and private entities (includ ing 

the  mass media) th a t serve as com m un ica
tions condu its  for p roduc t dissem ination;

- G overnm ent and private sector groups tha t 
train and educate o ther Regional Watch Cen
tre (RWC) and National W arning Centre (NWC) 
partners and customers; and

- Business and econom ic groups, such as 
coastal hotel operators.

• Customers -  usually groups and individuals tha t 
rely on the  Regional Watch Centres (RWCs) or 
National W arning Centres (NWCs) and the ir part
ners for tim e ly  and accurate alerts and warnings, 
fo r p ro tection  o f the ir lives and the o p p o rtu n ity  
to  m in im ize the  im pact on the ir property. Cus
tom ers include:
- the  general public;
- N on-governm enta l organizations (NGOs) and 

o ther private sector groups tha t m ust respond 
to  events; and

- G overnm ent agencies th a t m ust respond to  
events.

Follow ing the  Indian Ocean tsunam i o f 2004, IOC 
has facilita ted the  global expansion o f tsunam i 
early w arn ing systems (see Foreword). This expan
sion builds on the  experience o f the  PacificTsunami 
W arning System (PTWS) tha t has been operational 
since 1965.Three additiona l w arn ing  and m itiga tion  
systems are in the  course o f deve lopm ent, co -o rd i
nated by IOC. These cover the  Indian Ocean region 
(IOTWS),the M editerranean, North-East A tlan tic  and 
Connected Seas region (NEAMTWS) and the  Carib
bean (CARIBE-EWS). Associated w ith  the IOTWS is 
the  GITEWS pro ject (Box 5.5), w h ich  aims for the 
im p lem enta tion  o f an effective Tsunami Early W arn
ing System for the  Indian Ocean, w ith  an emphasis 
on Indonesia.

Reference guides relating to  existing w arn ing sys
tem s for tsunamis, storm  surges and w ind-fo rced 
waves associated w ith  tropical cyclones and extra- 
tropical storm s are listed in Section 7.6. Awareness 
materials for tsunam is are published by IOC-ITIC 
(International Tsunami In form ation Centre) and are 
available on-line (see Section 7.6).

Earth data observations
Earth data observations are a critical com p on en t 
o f an EWS. In an end-to -end  EWS, the  first indica
tion  o f a potentia l coastal hazard is provided by a 
rapid de tection  and characterization o f its generat
ing event (i.e., earthquakes or tropical cyclones and 
extra-tropical storms, typ ica lly  m on ito red  by gov
ernm enta l agencies, such as the  National Seismo- 
logical and M eteorological services, respectively, 
and research agencies). Critical seismic, a tm o 
spheric and sea-level data m ust be received rapidly 
at a w a tch centre (RWC) to  be o f s ign ificant use in 
the  early w arn ing process.

There are now  networks o f deep-ocean gauges in 
the  Pacific and Indian Ocean regions, and a net
w ork  o f gauges is presently being installed in the 
eastern Indian Ocean. For tsunamis, the  observed 
deep-ocean data can be used to  select an appro
priate m odelled scenario w h ich  provides estimates 
o f expected wave heights at nearshore locations 
as well as predictions o f an tic ipated inundation  in 
areas where detailed coastal and inundation  m od 
els exist (see Section 4.4). This m e tho do log y  has 
been tested several tim es in recent years (in the 
Pacific) and has been shown to  be very effective in 
pred icting, e.g., tsunam i wave heights and propa
ga tion times, and, by do ing  so, a llow ing NWC staff 
and em ergency managers to  make appropria te 
decisions abou t the  risks to  coastal com m unities. 
The Case Study o f the  2003 Rat Islands tsunam i (Box
7.7) provides additional in fo rm ation  in th is regard. 
Precursors to  a hazard event m ay be present bu t 
som etim es no t taken in to  account. This may be 
because they  are unrecognized or because there 
is no recognized ins titu tion  in charge o f m on ito r
ing such precursors at the  national or local levels. 
As cases in po in t, the  exodus o f animal w ild life  from  
the seashore and the w ithdraw al o f the  sea from  
the shore m inutes before the  Indian Ocean tsunam i 
o f 2004 h it coastal areas in Indonesia, India, and Sri 
Lanka, were no t recognized by m any local people 
as tsunam i precursors.

Collection of data and inform ation
C om m unications are the  lifeb lood o f a m ulti-hazard 
w arn ing system. All aspects o f operations, from  co l
lecting data to  d issem inating warn ings to  deve lop
ing co m m u n ity  connections, depend on effective 
com m unications. The tim e ly  co llection  o f data and 
in fo rm ation  from  nationally m ainta ined and in ter
national earth data observation networks is a cru-
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da l task o f na tional and regional centres. Several 
te le com m u n ica tion s  connections  are required to  
retrieve data and In fo rm a tion  needed to  de tec t a 
po ten tia l coastal hazard. Som e data are available 
In rea l-tim e on the  In te rne t and th ro u g h  sate llite  
dow nlinks. Data from  na tiona lly  m a in ta ined ne t
works o ften  require a lte rnate com m un ica tions  
paths such as landllnes, w ireless te lephone, or 
radio. These data are o f litt le  value to  the  centres 
If th e y  are n o t received In tim e  to  p e rm it analysis. 
Such co m m u n ica tion  requires the  use o f In ter
na tional networks, In particu lar the  W MO Global 
Te lecom m unica tions System (GTS) and the  W MO 
In fo rm a tion  System (WIS). It Is Im p o rta n t to  recog
nize the  role o f these W MO ne tw orks (In situ and 
space-based) o f na tional and regional observing 
systems, data d issem ination  systems (see be low), 
data archives and p red ictive  m ode lling  tools, par

ticu la rly  fo r s torm  surge early w a rn ing  and fo re 
casting. W ith o u t these data, observations and 
transm issions there  cou ld be no early warn ing. 
M odels by them selves canno t prov ide useful fo re 
casts w ith o u t rea l-tim e data; the y  are no t a substi
tu te  fo r observations.

The centres should also acquire, In the m ost effec
tive and effic ient way, real-time data and Inform ation 
released by other advisory and w arning centres and 
observatories. Inform ation should be acquired from  
other national centres and posted on Internet w eb 
sites, the GTS/WIS, and other alternate public and 
non-public Inform ation sources (see Section 7.6).

Hazard event detection
The phenom ena w h ich  may trigge r or o therw ise 
con tribu te  to  a hazard event -  earthquakes, tro p i

cal cyclones and extra-trop ica l storms, In particular 
-  are the  subjects o f con tinuous m on ito ring  by 
national and International organizations. Analysis o f 
the  derived data perm its the  forecasting o f hazard 
events. In add ition , com p lem enta ry  data sources 
may be used to  forecast or verify  w hethe r hazard 
events, such as tsunam is or storm  surges, may have 
been generated. This requires the  Incorpora tion 
o f seismic, a tm ospheric and sea-level data from  
the com m unica tions channels Into an Integrated 
observing system, and analysis o f this Inform ation 
as Inpu t to  the  decision-m aking sup po rt com p o 
nent. Forecast m odels (e.g., Inundation models) 
and user-friendly m apping tools, as described In 
sections 3 and 4, m ust also be used and developed 
at the  NWC to  assist In m aking quick decisions In 
response to  the  receipt o f In form ation bu lle tins and 
alerts from  RWCs.

BOX 7.7 A tsunami warning case study: the Rat Islands tsunami in the Pacific

Hilo, on the  Island o f Hawaii, Is a coastal co m m u n ity  h igh ly  vulnerable to 
the  effects o f tsunamis. This co m m u n ity  was h it by a destructive tsunam i In 
1946 w hen a m agn itude 8.1 earthquake near Unim ak Island, In the  Aleutian 
Islands, produced a tsunam i w ith  wave run-up heights o f a lm ost 8 m at Hilo 
and as m uch as 12 m at o ther locations on the  Island. A t Hilo, 96 people 
were killed and m ore than 400 structures were destroyed. On May 22 1960, 
the  tsunam i from  a m agnitude 9.5 earthquake o ff  Chile struck Hilo w ith  a 
m axim um  run-up he ig h t o f 10.7m. The harbour fro n t o f H ilo was destroyed 
and there were 61 deaths. The destructive effect o f these tw o  tsunam i events 
In the Hawaiian Islands and elsewhere u ltim ate ly  led to  the  fo rm ation  the 
Pacific Tsunami W arning System.

On N ovem ber 17 2003, a m a g n itu d e  7.8 ea rthquake  occurred near the  
Rat Islands In th e  A leu tian  Islands. A lth o u g h  th is  ea rthquake  occurred 
ap p ro x im a te ly  1000 km w est o f the  1946 event, the re  was concern  th a t

It cou ld  genera te  a tsunam i th a t w o u ld  place coastal areas In Hawaii at 
risk. T rad itiona lly , a tsunam i w a rn in g  Is Issued based on th e  earthquake 's 
m a g n itu d e  and loca tion , and Is la ter con firm e d  by data from  coastal t id e - 
gauge stations. In th e  case o f th e  Rat Islands earthquake , th e  closest tide  
gauge sta tions were located at Shemya and Adak and w o u ld  like ly  d e te c t 
litt le  or no signal due to  th e ir lo ca tion  re la tive to  th e  m ax im um  wave 
energy. The closest s ta tions like ly  to  d e te c t th e  tsunam i w ere  located 
at M id w ay  and In th e  Hawaiian Islands. These sta tions w o u ld  o ffe r litt le  
w a rn in g  fo r the  residents o f H ilo  and o th e r coastal co m m u n itie s  In the  
Hawaiian Islands. A tsunam i w a rn ing , If Issued bu t, In the  event, u n ne c
essarily, cou ld  resu lt In som e loss o f life and d is ru p t th e  eco no m y fo r a 
n u m b e r o f hours. If a tsunam i w a rn in g  was n o t Issued and the re  was a 
de s tru c tive  wave, th e n  peop le  In coastal areas w o u ld  have received no 
w a rn in g  and m any peop le  cou ld  die.
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BOX 7.7 (Continued)

Tsunami Forecost at Hilo

fig. a Observed and predicted signal a t
DART gauges
Graphics: Courtesy NOAA PMEL
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fig. b Observed and predicted water 
levels a t Hilo, Hawaii

Fortunately, th is event gave scientists at the  Pacific Marine Environm ental 
Laboratory (NOAA) in Seattle an o p p o rtu n ity  to  em p loy tw o  new  tsunam i 
w arn ing too ls -  data from  recently installed DART gauges (Deep Ocean 
Assessment and Reporting o f Tsunamis) in the  G ulf o f Alaska and new  tsu
nami m ode lling  software know n as SIFT (Short-term  Inundation  Forecasting 
for Tsunamis, see Section 4.4).

The tsunam i generated by the  Rat Islands earthguake was recorded by one 
o f the  DART buoys southeast o f the  earthguake epicentre (see fig. a, this 
box) and this in fo rm ation  was transm itted  by satellite to  the  scientists at 
PMEL. M odelled tsunam i waves from  a num ber o f tsunam i scenarios (sim i
lar location and m agnitude) were com pared w ith  the  data observed at the 
DART buoys to  select the propagation m odel m ost likely to  represent the 
Rat Islands tsunam i. The o u tp u t from  this m odel was then used to  estim ate 
wave he ights at nearshore locations th ro u g h o u t the  Pacific. It was also used 
as in pu t for a h igher resolution m odel at Hilo.

The m odel results indicated th a t the  tsunam i was no t su ffic ien tly  large 
to  issue a tsunam i w arn ing for coastal areas in Hawaii. The tsunam i data 
recorded at the  tide  gauge in Hilo Harbour was in excellent agreem ent w ith  
the m odelled pred ictions (see graph in fig. b, above) and dem onstra ted the 
im portance o f these tw o  new  tsunam i w arn ing too ls in m aking em ergency 
m anagem ent decisions w h ich  are bo th  know ledgeable and tim ely. Since 
tha t tim e  data from  DART gauges and the  SIFT process have been used effec
tive ly  in several o ther earthguake/tsunam i events.

Fred Stephenson
Graphics: Courtesy NOAA PMEL

For example, w hen an earthguake o f suffic ient 
m agn itude  occurs be low  the ocean floo r or near 
the  coastline, a tsunam i w arn ing may be issued 
based on the m agnitude and characteristics o f 
th a t earthguake, as well as o ther relevant historical 
in fo rm ation. A t the  Pacific Tsunami W arning Center 
(PTWC), the threshold for issuing a tsunam i w a rn 
ing is an earthguake w ith  a m agn itude greater than 
6.5. Box 7.7 provides a case s tudy on the  de tection  
and m ode lling  procedures em ployed in response 
to  the  Rat Islands event in 2003.

W arnings o f storm  surges and w ind-fo rced waves 
are issued based on the  m agnitude and character
istics o f the  tropical and extra-tropical cyclones. For 
example, the  threshold for issuing a storm  surge 
w arn ing isa category one o ftheS affir-S im pson Hur
ricane Scale, and the threshold for issuing a waves 
w arn ing is w ind  speed Force 7 o f Beaufort Scale or 
greater (see "Global Guide to  Tropical Cyclone Fore
casting", Section 7.6).

Hazard W arning System decision support
Once a coastal hazard is de tected and its am p litude

forecast, there m ust be a com p o n e n t to  assess the 
po tentia l im pact o f th a t  hazard. As detailed in Sec
tion  4.2, an appropria te  historical database o f such 
hazards should be available, w ith  possible inunda
tion  areas under d iffe rent scenarios o f these haz
ards'occurrences. This is necessary fo r the  issuance 
o f credib le warn ings tha t cover on ly  areas actually 
affected, thus avoid ing "false alarms" th a t lead to  
unnecessary and costly evacuations.

Tsunami propagation  m odels a llow  the  pred ic tion 
o f the  tsunam i travel tim e  and wave am p litude
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Fig. 7.1 Preparing for a tsunam i event.
In form ation from  prepared m odel outputs based on actual o r credible tsunamigenic events 
forms an im portan t p a rt o f  an Early Warning System. This figure shows the response o f  the on
line JRCTsunami m odel fo r the Papua New Gui nea 1998Tsunami. Contours show propagation  
times from  the source in hours. Source: Annunziato, 2007. Courtesy JRC.

once the initial location o f the earthquake is fixed. 
The m odel, in contrast to  o ther 2D propagation 
models, is fast and su ffic ien tly  precise to  be in te 
grated in a Tsunami Early W arning System to  give 
a firs t estim ate o f the  im pact o f the  tsunam i on the 
coast w hen the cond itions w h ich  favour tsunam i 
generation (an earthquake o f m agnitude > 7 and 
epicentre in a subm arine location) are met. One o f 
several such m odels is the  system developed by the 
European Commission's Jo in t Research Centre (JRC) 
(see Box 4.3 and Fig. 7.1).

As described in Section 4, a large part o f these deci- 
s ion-support too ls includes local inundation  maps 
for various m agnitudes o f coastal hazard. These 
maps are o ften generated locally, and updated 
as new  techno log ies (such as bette r inundation  
m apping or h igher resolution topograph ic  data) 
becom e available. Increasingly, it also involves sce
narios to  produce probabilities o f various degrees 
o f im pact from  the source cause event (earthquake, 
tropical or extra-tropical cyclone).

W arning and other products
Once the  decision is made by a Regional Watch 
Centre to  issue an alert, the regional products should 
be drafted in a clear fashion, fo llow ing  as closely as 
possible international standards and formats. Lead 
tim es for each type o f p roduct should be established 
and published as Operational Plans and Manuals for 
each region (see listing o f Guides in Section 7.6 for 
illustrations o f p roduct examples). It is the responsi
b ility  o f national authorities to  issue warnings to  their 
coastal populations identified as being at risk.

The nom enclature, de fin itions and thresholds for the 
various ou tpu ts  o f existing early w arn ing systems 
differ from  one region to  another and even w ith in

regions. This im p o rtan t top ic  is currently  under 
review am ongst the  in ternationa l bodies (includ ing 
IOC) and o ther agencies involved. Examples o f the 
con ten t o f som e hazard bu lle tins are described in 
the  guides and manuals listed in Section 7.6.

Dissemination and notification
Bulletin recipients, or national focal points, should 
be iden tified  and com m unica tions m ethods estab
lished as a m atter o f preparedness. W henever pos
sible, there should be redundant com m unica tions
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paths to  ensure receipt o f critical data and com ple te  
dissem ination o f im p o rtan t bulletins. People at risk 
should be identified at an early stage, in order to  
ensure tha t the  critical warn ings are properly de liv
ered to  "the last m ile" inc lud ing  to  the  beach. The 
entire dissem ination process should be tested on 
a rou tine basis, and be autom ated as m uch as pos
sible to  m in im ize the  tim e  reguired and im prove 
effic iency for warn ings provision.

In addition to  international dissem ination via GTS/ 
WIS, and use o f regional, satellite-based dissemi
nation systems, such as the Emergency Managers 
Weather Inform ation Network (EMWIN), Radio and 
Internet for the C om m unication o f Hydro-M eteo
rological and Climate-Related Inform ation (RANET), 
and GEONETCast (a global ne tw ork o f satellite based 
data dissemination systems provid ing environm en
tal data to  a w orldw ide  user com m unity), some o f 
the m ore local com m unications channels should 
be used for dissemination. An overview  o f present 
satellite em ergency com m unications resources is 
listed in Section 7.6. Possible dissem ination channels 
include:

• Short Message Service (SMS) o f m ob ile  phones;
• e lectron ic or te lephon ic  faxes;
• mass media broadcasting systems consisting o f 

radio, television, and p rin t media;
• pub lic  announcem en t systems using sirens, 

alarms, and all hazards alert broadcast systems;
• conventional te lephones; and
• In ternet w eb pages.

N e w te c h n o lo g ie s , like m o b ile  p h on e  e m e rge ncy  
rad io  and cell b roadcas ting , cou ld  im p rove  the  
re lia b ility  and cove rage o f m ore tra d itio n a l cha n 
nels.

A m echanism  to  bu ild  organizational sup po rt and 
long-te rm  co m m itm e n t exists th rou gh  bodies such 
as com m ittees tha t bring toge the r stakeholders 
from  w arn ing centres, em ergency m anagem ent 
and first responders, scientists, o ther gove rnm en t 
agencies, non-governm enta l organizations and the 
private sector. A com m ittee 's mission is to  enable 
and be advocate for policies, procedures, and p ro
gram m es tha t are needed to  save lives and p ro p 
erty  from  hazard impacts. Examples are the  five 
Tropical Cyclone com m ittees (WMO/ESCAP Panel 
on Tropical Cyclones, ESCAP/WMO Typhoon Com 
m ittee, Regional Association (RA) I Tropical Cyclone 
C om m ittee  for the  South-W est Indian Ocean, RA IV 
Hurricane C om m ittee, and RA V Tropical Cyclone 
C om m ittee  for the  South Pacific and South-East 
Indian Ocean) th a t cover all these aspects fo r tro p i
cal cyclones and the ir conseguent storm  surges 
and w ind-fo rced waves. Due to  the  generally infre
quen t nature o f tsunamis, it is s trong ly advised tha t 
a tsunam i w arn ing  system be em bedded in a m u lti
hazards fram ew ork to  ensure sustainability.

A key issue in the  d issem ination  o f w arn ings 
by NWCs is c la rity  ab ou t w h o  decides on issu
ing a w a rn ing  th ro u g h  the  m edia, and w h o  has 
a u th o rity  over the  m edia to  issue such a warn ing. 
The decis ion m aker m ust be clearly de fined and 
a u th o rity  de legated, w ith  the  chain o f com m and 
clearly iden tified  and unders tood by the  agencies 
involved. Because there m ay be various means to 
dissem inate the  w arn ings to  the  p o p u la tio n  at risk 
in coastal areas, it is im p o rta n t to  address the  fo l
low ing  issues:
• A consensus regarding how  the peop le w ill be 

warned in urban and rural areas. Local pub lic  
radio and television networks, and o ther po ten 
tial w arn ing services (as local signs th a t are often

based on previous experience, siren alert, etc.) 
should be incorporated in such a d issem ination 
process. The dissem ination process should have 
redundancy, so tha t if one service fails there is 
still a means to  com m unica te  messages. The 
w arn ing messages need to  be con firm ed (same 
message issued from  credib le sources).

• H igh ly  vulnerable groups need to  be warned as 
gu ick ly  as possible so tha t such groups can be 
evacuated as soon as possible (children, w om en, 
fisherm en, com m un ities  in coastal areas, densely 
popu la ted areas such a pub lic  markets and pla
zas, pub lic  bus or tra in stations, and seafronts 
and beaches). Thus, it is im p o rtan t tha t such 
h igh ly  vulnerable groups are iden tified  th rough  
the vu lne rab ility  m app ing efforts (Section 5.5).

• A fo rm a t has to  be established for local radio 
and television stations regarding the  w ord ing  
o f w arn ing messages to  be broadcast, as well 
as messages in d iffe ren t languages and generic 
sym bols for tourists.

• The use o f the  local police depa rtm en t to  warn 
critical service facilities, to  gu ide tra ffic  and to  
sup po rt the  evacuation process should be dis
cussed (schools, health centres or hospitals, mar
kets, access roads, coastal roads, mass transport 
systems).

Mass media such as radio and television are 
em ployed to  disseminate warnings to  geographical 
areas where the event is expected to  impact. O ther 
means to  com m unica te events are the Internet and 
cellular telephones. While it is im portan t to  stress the 
need for redundancy in the con text o f com m unica t
ing events, recent experiences in Latin America and 
Asia po in t ou t tha t cellular networks are susceptible 
to  saturation during an emergency, making them  an 
unreliable means o f com m unications.
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Anticipated Response
The final com p on en t in the  end-to -end  EWS is 
the  action taken by those w h o  w ill be affected by 
a hazard warning. Local preparedness and com 
m itm e n t Is a critical e lem ent fo r the  success o f an 
EWS, because, ultim ately, w arn ing systems w ill be 
ju d g e d  on the ir capacity to  save people and m in i
mize losses. W arnings should reach these critical 
popu la tions and facilities as soon as possible, In 
order to  start the  antic ipated response. For local 
(near-source) tsunamis, w h ich  In som e cases could 
com e ashore w ith in  10 m inutes, special reactive 
measures should be carried o u t as soon as possible. 
For d istant tsunamis, storm  surges or w ind-forced 
waves, w h ich  could take hours to  reach shore, 
w arn ing centres and national disaster m anage
m en t organizations have su ffic iën t tim e  to  organize 
evacuations.

7 .4  PREPARING FOR EMERGENCIES

Em ergency preparedness usually consists o f five 
elements:
• coo rd inating  the  response;
• Standard O perating Procedures;
• Em ergency Operations Centres;
• evacuation planning; and
• sim ulations and drills.

The fo llow ing  procedures deal w ith  preparedness 
to  react In case o f a hazard event. Note that, again, 
these procedures relate on ly  to  rap ld-onset hazards 
tha t regulre Im m ediate response -  tsunamis, storm  
surges and w ind-fo rced waves. Emergency and 
disaster preparedness Involve a w ho le  spectrum  
o f tasks w h ich  are Intended to  ensure governm ent 
agencies, vo lun ta ry  and private organizations, and 
the coastal co m m u n ity  at large react to  an event

effic iently, appropria te ly  and In a tim e ly  manner. 
The aim Is to  m in im ize loss o f life and property, soci
etal d isruption, financial losses, and environm enta l 
degradation.

Because the hazards, and In particular tsunamis, 
can affect several countries at once, regional efforts 
m ust be Incorporated Into national and local efforts 
headed by Civil Protection agencies and M aritim e 
authorities. It m ay even be useful to  dissem inate 
warn ings g loba lly  w here they concern areas w ith  
large tou ris t Influxes. In the  case o f the  2004 Indian 
Ocean event, countries In the  region w ith  many 
tourists m ig h t have reacted, or been bette r pre
pared, fo r the  catastrophe (Box 5.2). A t the  regional 
level In Europe, the  European Com m ission Is respon
sible for suppo rting  and supp lem en ting  efforts at 
national, regional and local levels w ith  regard to 
disaster prevention, preparedness o f those respon
sible for civil p ro tec tion  and In tervention  In case o f 
an event or disaster. The legislative fram ew ork for 
European Civil Protection has enabled the Com m is
sion to  establish a fram ew ork th rou gh  Its M on ito r
ing and In form ation Centre (MIC) fo r effective and 
rapid co-opera tion  betw een national civil pro tec
tion  services w hen m utua l assistance Is needed 
(see Section 7.6).

Coordinating the response
Emergency preparedness should lead to  a well coor
dinated response. A major disaster w ill regulre an 
Integrated response by d ifferent sectors (emergency 
services, health, agencies In charge o f life-lines, public 
Infrastructure, law enforcem ent, etc.) and at different 
levels (local, provincial or state, national and Interna
tional), as necessary. O ther partners In a coordinated 
response could Include tourlsm /hote l and transport 
organizations. In m ost countries there are Civil Pro

tection agencies and M aritim e authorities w h ich 
coordinate inter-institutional efforts at the national 
level, whereas local law -enforcem ent agencies and 
local organizations, such as Local Emergency com 
mittees, fire brigades and the Red Cross/Red Cres
cent agencies or other vo lun ta ry organizations, 
handle events at the local level. Inter-institutional 
coordination is prom oted and achieved through 
the im p lem entation o f a variety o f measures. In the 
con text o f em ergency preparedness, three types o f 
procedures are com m on:
• deve lopm en t o f Standard O perating Proce

dures;
• im p lem en ta tion  and use o f Em ergency Opera

tions Centres; and
• e laboration o f evacuation plans, and the ir subse- 

gu en t testing and im p rovem en t th rou gh  sim u
lations and drills.

BOX 7.8

In the  Am erican Hemisphere, the  Caribbean 
Disaster and Em ergency Response Agency coor
dinates efforts on disaster preparedness, focus
ing on English-speaking island states. In paral
lel, the  Central Am erican Coord ination Centre 
for Natural Disaster Prevention targets all tasks 
related to  disaster reduction, inc lud ing prepared
ness. A recently elaborated manual concern ing 
the  m anagem ent o f relief aid in case o f disasters 
has been endorsed by the  m inistries o f Foreign 
Affairs o f all six Central Am erican nations and 
constitutes the  pro tocol under w h ich  relief aid 
m ust be provided by such countries in case o f 
disasters. The manual aims at correcting the  bad 
practice o f having to  receive a particular type o f 
aid w h ich  may no t necessarily be reguired.

Disaster preparedness in the  
Caribbean and Central America
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Standard Operating Procedures
In order to  avoid Im provisations du ring  the  response 
phase, it is im p o rtan t to  fo llo w  a previously agreed 
set o f procedures. Again, a com m and chain m ust 
be established and recognized, w ith  a clear under
standing o fw h o  decides on priorities in the  decision 
m aking process. The procedures, typ ica lly  labelled 
as "Standard O perating Procedures" (SOPs), describe 
the  seguence o f activities to  be executed fo llow ing  
a w arn ing  or an event. Such procedures include 
in fo rm ation  regarding w h ich  agency is respon
sible for the  execution o f certain activities, w h ich  
agencies should provide sup po rt in the  execution 
o f these activities, w h a t resources w ill be used to  
execute them , and any special cond itions w h ich  
should be m et if certain tasks are to  be carried ou t 
or com ple ted. As is to  be expected, SOPs m ust be 
developed for the  d iffe rent types o f hazards w h ich  
m ay im pact a designated coastal area. Such SOPs 
are elaborated w ith  the  fo llow ing  purposes:
• acknow ledg ing decisions regarding the  execu

tion  o f certain tasks, even w ith o u t the presence 
o f authorities (the decision to  a llow  the execu
tion  o f certain tasks is taken well before the 
event, and is m anifested th rou gh  the SOPs);

• ensuring tha t tasks are executed in the  proper 
hierarchical order;

• ensuring con tinu ity  in case o f changes in per
sonnel in various institu tions; and

• m in im iz ing  im provisations th a t may lead to  inef
ficiencies or delays in em ergency operations 
(e.g., dup lica tion  o f effort).

The im p lem enta tion  o f SOPs becom es relevant 
w hen institu tions in charge o f response activities 
change the ir personnel for particular reasons. In this 
context, the  SOPs w ill provide the  reguired con ti
nuity, as successors to  previous sta ff m em bers can

fo llo w  the  SOPs regarding the  execution o f specific 
tasks. Even w hen sta ff do  no t change, SOPs are very 
im p o rtan t and need to  be tested at regular intervals 
to  ensure essential systems (e.g., com m unications) 
and links (contacts and con tact in fo rm ation  -  te le 
phone numbers, etc.) remain valid and functiona l.

SOPs should be developed by every fac ility  or 
organisation at risk in the  case o f the  rap id-onset 
hazard events. SOPs can include tasks to  be exe
cuted sho rtly  before, during, or after an event to 
m in im ize the  im pact o f an event on routine opera
tions, processes or resources; and to  ensure the 
safety o f people w ith in  the  agency th rou gh  evacua
tion  to  safe areas or sim ilar procedures. For example, 
in the  case o f schools, SOPs focusing on tsunam is in 
geographical areas where the  earthguake sources 
are very close to  shore should con tem pla te  tasks to 
be executed after an earthguake, such as the  im m e
diate and orderly evacuation o f children to  safe 
areas; the  m anagem ent o f critical paperw ork (class 
lists and em ergency con tact in form ation), custo
dian responsibilities (e.g., tu rn ing  o ff  gas lines), and 
teaching resources w h ich  may be reguired after the 
event to  re-start the  education process as soon as 
possible. In case o f the  police, SOPs may include the 
designation o f specific teams to  assist in the  evacu
ation process; m anagem ent o f critical in form ation; 
the  set-up o f special security measures in particular 
bu ild ings or places, evacuation o f the  premises; and 
the use o f back-up com m un ica tion  systems should 
the  main systems fail.

It is im p o rtan t to  stress tha t in the  case o f a coastal 
city, specific SOPs should be developed by each 
agency, in particular, critical facilities such as the 
police departm ent, schools, health centres and 
hospitals, energy and te lecom m unica tion  facilities,

mass transport systems as well as any other agency 
w h ich  may be at risk o f being affected by hazard 
event.

Emergency Operations Centres
Because governm ents are responsible for the coordi
nation o f m any aspects regarding any event, a Com
mand Post or an "Emergency Operations Centre" 
(EOC) should be set up and activated so tha t gov
ernm ent agencies can coordinate operations. These 
may include evacuation to  safe areas, as well as the 
response after a rapid-onset hazard event. Such a 
facility allows all relevant agencies to  share inform a
tion, identify needs, and coordinate inter-institutional 
activities. The advantages o f using such a facility  are:
• a coordinated approach to  solving the problem s 

w h ich  arise during and after an event, avoiding 
the duplication o f resources to  execute the same 
task (unless absolutely necessary to  com ple te the 
task) and avoiding leaving other places w ith o u t 
any support;

• a more effic ient m anagem ent o f resources avail
able to  carry ou t the response activities, and a 
more rapid identification o f the needs w h ich  can
no t be m et w ith  local resources for subseguent 
reguest to  authorities at a higher level; and

• a unified in form ation m anagem ent system, avoid
ing confusion arising from  agencies provid ing 
in form ation in m utual isolation.

As expected, such a facility also reguires specific SOPs 
for its activation and standard operations. W hile the 
activation o f an EOC at any particular level is dictated 
by such SOPs, the activation o f specific agencies 
w ith in  an EOC depends on the severity o f the event. 
In cases where the event is small and contained, pos
sibly on ly a few  agencies are activated. In other cases, 
it may be necessary to  gradually activate additional
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agencies, again depend ing on the particular c ircum 
stances.

Evacuation planning
An essential e lem ent o f the response is the evacu
ation (or self-evacuation) o f people and key m obile 
assets (e.g., vehicles and im portan t inform ation) to 
safe areas before the im pact o f a potentia lly  cata
strophic event. Evacuation planning begins w ith  an 
assessment o f the types o f im pact w h ich the  hazard 
can provoke, and o f the tim e available to  carry ou t 
such evacuation, considering the lead warning tim e 
(see sections 4 and 5). It involves the fo llow ing  tasks:
• identification o f the people at risk, and the ir geo

graphical location;
• physical vulnerability  o f infrastructure w h ich 

needs to  be used for vertical evacuation;
• identification o f potentia l evacuation routes to  be 

used by the d ifferent groups;
• identification o f safe areas and m eeting points.

The installation in prom inen t places o f sim ple maps 
carrying in ternationally recognized signs indicating 
hazard zones, evacuation routes and safe routes may 
be considered (Fig. 7.2).

The identification o f people at risk and the ir location 
allows em ergency and disaster planners to  develop 
evacuation plans and strategies tailored to  the needs 
and capacities o f those people at risk. The identifica
tion  o f potentia l evacuation routes and safe areas is 
carried ou t using in form ation regarding the dynam ic 
features o f the hazard. In some cases it is im portan t 
to  consider vertical evacuation, and therefore, a struc
tural assessment o f the bu ild ings to  be em ployed for 
evacuation purposes is reguired to  ensure tha t such 
bu ild ings offer adeguate safety to  those people w ho 
use it to  seek tem porary shelter (Fig. 7.3).

Fig. 7.2 In form ing communities about hazards and  
responses.
Maps should be used to provide tsunam i safety 
instructions and  identification o f  the hazard zones, 
evacuation routes and safe places.

Source: ISO 20712-1:2008—Water safety signs and beach safety fiags- 
-Part 1 : specifications for water sa fety signs used in workplaces and 
public areas, and from ISO 20712-3:2008—Water safety signs and beach 
safety flags—Part 3: Guidance for use. Reproduced with the permission o f 
the International Organisation for Standardisation, ISO. This standard 
can be obtained from any ISO member and from the Web site o f  the ISO 
Central Secretariat a t the following address: (www.iso.org/isostore). 
Copyright remains with ISO.

Sim ulationsand drills
Simulations and drills constitute exercises to  test and 
im prove the degree o f preparedness o f an institu tion 
or a com m un ity  to  react e ffic iently and in a tim e ly 
manner to  an event, to  test the  soundness o f SOPs, 
to  im prove in ter-institutional coordination m echa
nisms, and to  prom ote awareness regarding how  
to  respond in case o f an event o f a certain nature. 
Simulations usually refer to  more passive exercises 
whereby SOPs are pu t to  the test to  identify their 
strengths and weaknesses, bu t no actions take place

Fig. 7.3 Evacuation m ap forKuta, Bali.
Map shows the time in  m inutes (short tim e=yellow; long  
time=red, purple) people need to evacuate to vertical 
shelter buildings o r horizonta l shelter areas.
Source: GITEWS Project. Courtesy DLR.

in the field. In contrast, drills or exercises refer to  field 
exercises whereby SOPs are pu t to  the test, as well 
as response capacities in a contro lled way. In drills 
and exercises, m ob iliza tion  o f people and resources 
takes place. W hile bo th  s im ulations and drills fo llow  
a sim ilar procedure regarding p lanning, prepara
tion  fo r the execution is m ore com plex in the  case

http://www.iso.org/isostore
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BOX 7.9 Gaps and challenges in response capability in early warning systemso f drills. Unlike the  s im ulation, the drill w ill involve 
the  m ob iliza tion  o f people. Both sim ulations and 
drills can be executed at the  level o f an institu tion , 
such as a single school, for example, or fo r a group 
o f institu tions, a ne ighbourhood, a c ity  or a region. 
All partic ipants and others w h o  could po tentia lly  
be affected need to  know  th a t it is on ly  a drill or 
exercise. Such an in te r-institu tiona l drill to  test the 
response capacities o f national and local agencies 
was conducted in Indonesia in Decem ber 2006, 
headed by the M in is try  o f Science and Technology, 
RISTEK, and coord inated w ith  the sup po rt o f the 
disaster m anagem ent agency o f Indonesia, BAKOR- 
NAS. RISTEK is the national agency w h ich  has the 
respons ib ility to  design and im p le m e n tth e ts u n a m i 
early w arn ing  system for th a t country.

7.5 CHALLENGES AND OUTPUTS 

Challenges
The m ajor actors concerned w ith  the  d iffe rent ele
m ents o f an effective EWS should m eet regularly to  
ensure they  understand all o f the  o ther com ponents 
and w ha t in fo rm ation  or sup po rt o ther parties need 
from  them . Specific targets to  be achieved in estab
lishing a new  (or in m ainta in ing and enhancing an 
existing) end-to -end  EWS m ay include:
• the relative im portance o f the various coastal 

risks at national to  local scales established and 
understood;

• risk scenarios constructed and /o r reviewed;
• specific responsibilities th ro u g h o u t the  chain 

agreed and im p lem ented ;
• past events s tud ied and im p rovem ents  im p le 

m ented;
• manuals and procedures deve loped and m a in 

ta ined;
• com m u n itie s  consu lted  and in fo rm a tion  dis-

Lack o f m u lti-agency co llabora tion and clarity 
o f roles and responsibilities at national to  local 
levels;
Lack o f pub lic  awareness and education for 
early w arn ing response;
Lack o f sim ulation exercises and evacuation 
drills;

sem inated; and
• opera tiona l procedures, such as evacuations, 

p racticed and tested

Challenges in raising awareness o f disaster risk 
reduction  m ay include:
• a lim ited  pub lic  awareness and know ledge  o f 

the  po ten tia l dam age from  the  hazards; and
• a lack o f appropria te  awareness cam paigns.

Challenges in establish ing and m a in ta in ing  an 
Early W arning System fo r coastal hazards may 
include:
• a lack o f observationa l data in som e critica l 

regions (see Section 4);
• in e ffic ie n t te le co m m u n ica tio n  connections;
• in e ffic ie n t forecasting m odels and dec is ion

m aking too ls  (see Section 4);
• acgu iring  appropria te  to p o g ra p h ic  and ba thy

m e tric  data (see Section 4); and
• ga in ing  the  c o m m itm e n t o f all stakeholders.

Challenges in em ergency preparedness may 
include:
• d e ve lopm e n t o f appropria te  Standard O pera t

ing Procedures;
• appropria te  im p le m e n ta tio n  and use o f Emer

gency O perations Centres;

Lim ited understand ing o f vulnerabilities and 
o f the  public's concerns;
Need fo r a pa rtic ipa to ry  approach and inc lu
sion o f trad itiona l know ledge; and 
Need for long -te rm  risk-reduction strategies
Source: UN/ISDR, 2007

• e labora tion  o f e ffic ien t evacuation plans;
• de ve lo p m e n t o f in te r-ins titu tiona l e fforts  at the  

reg ional and national levels on disaster pre
paredness; and

• reguired e lem ents fo r establishing new  (or 
m a in ta in ing  and enhanc ing existing) en d -to - 
end EWS.

Outputs
These may include:
• an adeg ua te fra m ew o rk fo r designing and estab

lishing an effective Early W arning System;
• steps for raising awareness o f disaster risk m an

agem ent established;
• adeguate means and form ats to  com m unica te  

the  hazard in place;
• special ta rge t audiences identified;
• operational com ponents  fo r an Early W arning 

System in place;
• adeguate means and form ats to  dissem inate the 

alert established;
• stakeholders identified;
• adeguate capacity established to  carry o u t an 

integrated, in te r-institu tiona l response in case o f 
a coastal hazard event;

• fun c tio n a lity  o f Em ergency O peration Centres 
dem onstra ted; and

• evacuation p lanning in place and tested.
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7 .6  DATA REQUIREMENTS AND INFORMATION SOURCES

Table 7.1. In form ation sources for enhancing awareness and preparedness

Products Variables and standards Sources Global program m es and data sets

Education and

awareness

products

GeoHazards International. 2008. Preparing Your C om m unity  forTsunamis: A G uidebook for Local 

Advocates, (www .geohaz.org)

Intergovernm ental Oceanographic Commission. 2008a. Tsunami, The Great Waves, Revised Edition. 

Paris, UNESCO, ¡Mus. IOC Brochure 2008-1.16 pp. Available at: h ttp ://ioc3 .unesco.org /itic /con ten ts. 

php?ld=169

Intergovernm ental Oceanographic Commission. 2008b.Tsunaml Glossary, 2008. Paris, UNESCO. IOC 

Technical Series, 85. Available at: h ttp ://ioc3 .unesco.org/itic /con tents.php?id=328 

lOCTsunami Teacher. (http://ioc3.unesco.org/Tsunam iTeacher/)

UNESCO. 2008.Tsunaml Preparedness: Inform ation Guide for Disaster Planners. IOC Manuals and 

Guides N o.49. (http://unesdoc.unesco.O rg/im ages/0016/001600/160002e.pdf)

Rapid-onset hazard 

Early W arning

Systems

Alerts and In form ation on loca

tions, t im ings and m agnitudes o f 

tsunam i and storm  surge coastal 

impacts.

National warnings o f impacts

RegionalTsunami Watch Centres 

th rough  National Focal Points to  

National W arning Centres

National W arning Centres

IOC-coordinated regionalTsunam i Early W arning Systems 

(RTWS) and National Contacts, (h ttp ://w w w .loc-tsunam l.o rg /)

JRCTsunaml Propagation Model. An on-line procedure is available to  calculate a tsunam i event. 

(http ://tsunam i.jrc .it/m odel/index.asp)

WMO RSMCs forTropical Cyclones. (http ://w w w .w m o.ch /pages/p rog /w w w /tcp /A dvisories-R S M C s. 

htm l)

C om m unications

systems

WMO-GTS/WIS (W orld M eteorological Organization, Global Te lecom m unications System) (h ttp :// 

w w w .w m o.ch /pages/prog/w w w /TEM /G TS /gts.h tm l)

EM WIN (Emergency Managers W eather Inform ation Network) (h ttp ://w w w .w ea the r.gov /e m w in / 

index.htm )

RAN ET (Radio and In ternet for the  C om m unica tion o f Hydro-M eteorological and Climate-Related 

Inform ation) (h ttp ://w w w .rane tp ro jec t.ne t/)

GEONETCast (a global ne tw ork  o f satellite based data dissem ination systems provid ing environm en

tal data to  a w orldw ide  user com m unity ) (h ttp ://w w w .earthobserva tions.o rg /geonetcast.shtm l) 

Satellite Earth Stations and Systems (SES) - an overview  o f present satellite em ergency 

com m unica tions resources, ETSI. (EuropeanTelecom m unications Standards Institute). (h ttp ://w w w . 

etsi.org)

Evacuation plans Evacuation maps w ith  

evacuation routes and tim ings; 

shelters and refuges; 

em ergency practice drills

Inundation, vu lnerab ility  and risk 

maps;

vu lnerab ility  hotspots for people 

and utilities
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cp01_en.htm

European Commission, EXCIMAP Evacuation M ap
ping. h ttp ://e c .eu ropa .eu /env ironm en t/w a te r/ 
floo d_ risk /flood _a tlas /pd f/floo d_ m ap s_ch7 .p d f 
(Accessed 19 February 2009.)

European Commission, Joint Research Centre: JRC 
Tsunami Propagation Model. An on-line proce
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Available at: h ttp ://tsunam i.jrc.it/m odel/index.asp
• h ttp : / / lu n a r . jrc . i t / ts u n a m i/C u rre n tE v e n ts /  

tab id/55 /D efau lt.aspx - all the  calculations o f 
the  online system

• h ttp ://lu n a r.jrc .it/ts u n a m i/G rid C a lc u la tio n s / 
tab id/54 /D efau lt.aspx - descrip tion o f the  grid 
rationale

GDACS: The Global Disaster A le rt and Coord ination 
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near real-tim e alerts abou t natural disasters 
around the w orld  and too ls to  facilita te response 
coord ination, inc lud ing media m on ito ring , m ap 
catalogues and a Virtual On-Site O perations 
Coord ina tion Centre. Available at: h t tp :/ /w w w . 
gdacs.org/

h t t p : / / w w w . g d a c s . o r g / t s u n a m i / a r c h i v e . 
asp?CMD=GET_ID&TSID=916 An exam ple o f an 
on line calcula tion for an event in Japan (19 July 
2008)

IOTWS: U.S. con tribu tion  to  the  IOC-led Indian 
Ocean Tsunami W arning System. Available at: 
h ttp ://a p p s .d e ve le b rid g e .n e t/u s io tw s /p a g e a a - 
hom e.htm l

PTWS: Pacific Tsunami W arning and M itiga tion  Sys
tem . h ttp ://ioc3 .unesco .o rg /itic /file s /p tw s_b ro - 
chure .pd f (Accessed 19 February 2009.)

UN/ISDR. 2004. Living with Risk: a Global Review o f 
Disaster Reduction Initiatives. International Strategy 
for Disaster Reduction. Geneva, UN Publications.

UN/ISDR. 2006. Global Survey o f Early Warning Systems. 
An assessment o f capacities, gaps and o p p o rtu 
nities towards bu ild ing  a com prehensive global 
early w arn ing system fo r all natural hazards. 
United Nations International S tra tegyfo r Disaster 
Reduction, h ttp ://w w w .un isd r.o rg /ppe w /in fo - 
resources/ew c3/G loba l-S urvey-o f-E arly -W arn - 
ing-System s.pdf (Accessed 19 February 2009.)

UN/ISDR. International S tra tegy fo r Disaster Reduc
tion: Platform for the  P rom otion o f Early W arn
ing: Tsunami. Available at: h ttp ://w w w .u n isd r. 
o rg /p pe w /tsu na m i/ppe w -tsun am i.h tm

UNESCO. 2008. Tsunami Preparedness: Information 
Guide for Disaster Planners. IOC Manuals and 
Guides, No. 49. Paris, UNESCO. h ttp ://u nesd oc . 
un esco .o rg /im ages/0016 /001600 /160002e.pd f 
(Accessed 19 February 2009.)

UNESCO. 2009. Tsunami risk assessment and m itig a 
tion for the Indian Ocean; knowing your tsunam i 
risk -  and w hat to do abou t it. IOC Manuals and 
Guides, No. 52, Paris, UNESCO.

UNESCO. Unified tsunam i website  -  IOC Tsunami. 
Provides in fo rm ation  on the  IOC tsunam i p ro
gram m e, the  RegionalTsunami W arning Systems 
(RTWS) and the  National Contacts for RTWS 
Available at: h ttp ://w w w .io c -tsu na m i.o rg /

USAID. 2007. The Tsunami Warning Genter Reference 
Guide. Available at: h ttp ://w w w .io tw s .o rg /ev_  
en.php?ID=2897_201 &ID2=DO_TOPIC describes 
a concep t o f operations fo r a National Tsunami 
W arning Centre or Regional Tsunami W atch p ro
vider.

WMO. 1993. The Global Guide to  Tropical Cyclone 
Forecasting. Available at: h ttp ://w w w .b o m .g o v . 
au /b m rc /p u b s /tcg u id e /g  loba_gu ide_ in tro .h tm )

Describes storm  surges and w ind-fo rced waves 
associated w ith  tropical cyclones.

WMO. 2006. Guide to  M eteorological Instrum ents 
and M ethods o f Observation (W MO-No. 8, 7th 
edn, 2006).

WMO. n.d. Regional Specialized M eteorological 
Centres (RSMCs) for Tropical Cyclones. The six 
tropical cyclone Regional Specialized M eteoro
logical Centres (RSMCs at Honolulu, La Réunion, 
M iam i, Nadi, New Delhi and Tokyo) provide advi
sories and bu lle tins w ith  up -to -da te  firs t level 
basic m eteoro log ica l in fo rm ation  on all tro p i
cal cyclones, hurricanes, typhoons everywhere 
in the  world. The first-level basic in fo rm ation  
com prises reliable in fo rm ation  from  a clearly 
defined source on the  tropical cyclone's location 
and size and its present and forecast m ovem en t 
and intensity. Available at: (h ttp ://w w w .w m o .c h / 
pages/prog/w w w /tcp/Advisories-R SM C s.htm l)
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MITIGATING THE RISK

PHASES

This S ec tion  o u tlin e s  th e  p ro ce d u re s  and  in fo rm a tio n
, . . .  . ,  . . .  . 8.1 STRATEGIC MANAGEMENT W ITH IN  ICAMth a t p o lic y  m akers  s h o u ld  c o n s id e r w ith in  ICAM w h e n

d e v e lo p in g  a risk  m it ig a t io n  s tra te g y  fo r  th e  coasta l The u ltim ate  goal o f strategic risk m anagem ent Is effective and sustainable risk
hazards. reduction  or m itiga tion . This entails choosing strateg ic m anagem ent op tions for

risk reduction tha t are appropria te  to  the  scale o f the designated coastal m anage
m en t area, balancing social and econom ic pressures against environm enta l consid
erations, Includ ing susta inability over the  long-term . Together w ith  Section 7, the 
section describes procedures relating to  m itiga tion  w ith in  the  Im p lem en ta tion  (III) 
and C onso lldatlon/Repllcatlon/Expanslon (IV) phases o f the ICAM process (figs 1.1 
and 1.2; sections 2.3 and 2.4). An exam ple o f the  need for clear gu idance on strate
gic risk m anagem ent Is Illustrated by the  case s tudy at Box 8.7.

Key considerations
There Is a w ide  range o f m ethods th a t can be em ployed w ith in  a risk m anage
m en t strategy to  m itiga te  the im pacts o f coastal hazards. The te rm in o lo gy  used 
to  define these d iffe rent m ethods can be confusing, especially w hen referring to  
o ther au thorita tive  sources, such as those on disaster reduction by the  UN/ISDR 
and the IPCC assessment reports, w h ich  use the  same term s in gu ite  d iffe rent ways. 
For the  purposes o f these Guidelines, the  term s o f"adap ta tion "and  "m itiga tion"a re  
essentially synonym ous (see Glossary).

Once the risk assessment process Is com p le ted (sections 4-6), po licy makers should 
have at the ir disposal the  essential In form ation on the  hazards, vulnerabilities and 
risks w ith in  the  designated coastal m anagem ent area. The risk assessment exercise 
should have considered the cum ula tive risks o f all coastal hazards and acknow l
edged the d iffe ren t types o f risks associated w ith  indiv idual hazards and events.
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BOX 8.1 Key tasks and goals for the strategic m anagem ent of the perceived risks

Define the  tem pora l and geographica l scales 
o f the  m anagem ent.
Determine the options for strategic m itigation. 
Consider the  adop tion  o f a m u ltl-p ronged 
approach to  the  m anagem ent response. 
Incorporate o ther ICAM goals In the 
response.

A pp ly  declslon-analysls too ls In the  m anage
m en t process.
Involve the  pub lic  In the  decision-m aking 
processes.
Identify m anagem ent responsibilities and 
sources o f adeguate fund ing.

This know ledge o f the  hazard-prone areas and the 
prioritized risks provides po licy makers and plan
ners w ith  a basis for deve lop ing a risk m anagem ent 
strategy to  reduce the com m unity 's  exposure and 
vu lne rab ility  to  these hazards. Such a strategy w ill 
need to  take accoun t o f the  full range o f o ther 
coastal area m anagem ent pressures and consid
erations, Includ ing the w ide  range o f stakeholder 
Interests, In the  deve lopm en t o f the M anagem ent 
Plan. The strategy w ill also need to  Identify respon
sibilities, bo th  operational and financial. The assur
ance o f adeguate fund ing , w he the r national or 
local, Is likely to  be a key de te rm inan t In the  suc
cessful execution o f the  plan.

Procedures for m itiga tion  prim arily In respect o f tsu
namis In the Indian Ocean region are also described 
In gu idelines produced as part o f the  Indian Ocean 
Tsunami W arning and M itiga tion  System (IOTWS; 
UNESCO, 2009).

8.2  SELECTING THE STRATEGIC APPROACHES 
TO RISK REDUCTION

W hat is the scope and scale of strategic m an
agement?
Due to  the  com p lex ity  o f coastal hazards and the 
uncerta inties Identified th rou gh  the  risk assess
m ent, selected strategies need to  be robust. It Is very 
un like ly th a t a single m itiga tion  approach w ou ld  be 
effective by Itself. Rather, po licy  makers w ill need to 
develop a po rtfo lio  o f op tions to  co llective ly reduce 
hazard-related risk. There Is a need fo r system -orl- 
ented th ink ing  and an adaptive strategy, taking Into 
accoun t the  Interdependencies and In terconnect
edness o f the  various coastal Interests.
As sections 4 -6  describe, m any factors Influence a 
com m unity 's  vu lnerabilities and risks to  coastal haz

ards. These Include the location o f critical Infrastruc
ture, vulnerable populations, and key econom ic 
centres, as well as environm enta l considerations. 
Therefore, po licy makers w ill need to  cater the  haz
ard m itiga tion  response for specific areas based on 
the  level o f deve lopm ent, land use and the critical 
ecosystems present. Where regulation Is regulred, 
en forcem ent and contro l may be a problem . Box
8.6 brings o u t one exam ple from  the  U.S. where the 
law had to  be gradually adjusted to  accom m odate 
special Interests o f deve lopm en t or m aintenance, 
etc. There w ill always be pressure on decision mak
ers to  adjust, especially In relation to  events w h ich  
occur on ly Infreguently.

In addition, vulnerabilities change over tim e  as 
coastal popu la tions g row  (or, less com m only, 
sh rink),deve lopm entand  land-use patterns change, 
and environm enta l factors, such as sea-level and cli
m atic conditions, change as well. Societal expecta
tions o fth e  goals o f risk m itiga tion  m ay also change 
sign ificantly  over tim e. Hence, po licy  makers m ust 
recognize tha t the  preferred hazards m anagem ent 
op tions are also likely to  change over tim e. They 
need to  develop the ir strategies accordingly. The

case study In Box 8.3 Illustrates this approach based 
on shoreline m anagem ent p lann ing In England 
and Wales.

W hat are the strategic m itigation options?
Broad risk m itiga tion  strategies available to  po licy
makers and applicable to  all the  coastal hazards can 
be classified Into three main types (Fig. 8.1):
• Protection;
• Accom m oda tion ; and
• Retreat.

As noted above, unless dealing w ith  a small an d / 
or hom ogenous coastal m anagem ent area, po l
icy makers w ill o ften Im p lem en t a m ix o f these 
approaches for an effective and practical response. 
These strategies Include bo th  structural and non- 
structural measures.

Structural measures refer to  any physical (natural or 
artificial) construction  to  reduce or avoid possible 
Im pacts o f hazards. Structural measures can range 
from  engineered structures tha t are added to  the 
landscape to  pro tect deve lopm en t and Infrastruc
ture from  hazards to  bu ild ings tha t are designed
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or m od ified  specifically to  bette r w iths tand coastal 
hazard impacts. They also include the  use o f na tu
ral p ro tection  from , e.g., coastal wetlands or sand 
dunes.

Non-structural measures refer to  policies, regula
tions and plans th a t p rom ote  good  coastal m an
agem ent practices to  m in im ize risks from  coastal 
hazards. Education and outreach cam paigns tha t 
increase the  public's awareness o f risks, vu lne rab il
ity  and preparedness responses (as described in 
Section 7) can also be considered non-structura l 
measures.

"Protection" involves the  use o f natural or a rtifi
cial measures to  pro tect landward deve lopm ent 
and /o r a ttem p t to  ho ld the  shoreline in its exist
ing position in an e ffo rt to  reduce hazard impacts. 
Traditionally, p ro tection  against coastal erosion, 
flood ing , storm  surge and tsunam i inundation  
has been approached th rou gh  m itiga tion  by hard 
structural response. Examples o f com m on p ro 
tec tion  measures include constructing  groynes, 
seawalls, offshore breakwaters, and bulkheads. In 
som e heavily popu lated areas susceptib le to  storm  
surges, dykes, levees, dams, and flood  gates have 
been bu ilt to  pro tect coastal com m un ities  du r
ing extrem e sea-level events. Major cities inc lud 
ing London, St Petersburg, Rotterdam, Alexandria, 
Bangkok, Shanghai, Tokyo and Vancouver, rely on 
these m ajor engineering in itiatives to  p ro tect them  
du ring  storm  surge events (Box 8.2).

P ro tection

A cco m m o d a tio n

R etreat

Fig. 8.1. The three m itiga tion  strategies: protection, accom m odation and retreat.

Source: Based on Bijlsma et al., 1996.
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BOX 8.2 Thames Estuary 2100: Planning for future flood risk managem ent in an uncertain future

Follow ing the 1953 East o f England coastal floods, the Thames Barrier and asso
ciated defence im provem ents were planned and bu ilt over a 30-year period to  
pro tect London and the tidal floodpla ins o f South Essex and North Kent. Lon
don and the Thames Estuary are currently protected to  a high standard (man
aging the 1:1000-year flood expected at the year 2030).This high standard was 
justified by the high value o f property  and strategic infrastructure w ith in  the 
floodplain. A t the tim e o f design, an allowance for fu ture increases in sea-level 
rise was bu ilt in to the Thames Barrier, a lthough little  was known o f climate 
change and the  potentia l for fu ture increases in storm  surge driven extreme 
sea-level events or increases in river flows. This allowance was based on an 
extrapolation o f the  evidence o f past sea-level rise and dow nw ard land m ove
ment. In addition, the existing flood  defence system is ageing. Because there 
are now  more people and property on the floodpla in, the flood  risk is increas
ing and present flood m anagem ent arrangements need to  be reviewed. As 
a response, the Environm ent Agency has set up the "Thames Estuary 2100" 
(TE2100) project. This pro ject w ill develop a Flood Risk M anagem ent Plan for 
London and theTham es Estuaryfor the next 10Oyears, presenting an appraised 
and adaptable set o f costed options to  G overnm ent in 2010.

o f triggers for change, such as sea-level rise, floodp la in  deve lopm ent, de te 
rioration o f existing flood  defences, hab ita t decline, pub lic  behaviour and 
delivery partner response.

TE2100 has developed an approach th a t w ill cope w ith  the  uncerta inties tha t 
are presented by c lim ate and socio-econom ic changes. The estuary supports 
in te rna tiona lly  im p o rtan t w ild life  habitats, is a m ajor recru iting ground for 
North Sea fish populations, an in te rna tiona lly  im p o rtan t com m ercia l centre, a 
port, and hom e fo r over 1.25 m illion  people. The TE2100 plan m ust therefore 
dem onstra te the  m ove from  flood  defence to  flood  risk m anagem ent advo
cated by G overnm ent in the ir flood  and coastal erosion risk m anagem ent 
s trategy"M aking Space fo r Water". The pro ject is deve lop ing and appraising a 
range o f op tions w h ich  w ill m anage bo th  the  increasing p robab ility  o f f lo o d 
ing, i.e., raising existing flood  defences, increased opera tion o f theTham es 
(tidal) Barrier, location o f new  barriers, restoring floodp la ins fo r tidal and f lu 
vial flood  storage, as w ell as op tions w h ich  w ill m anage the conseguences o f 
flood ing , i.e., w o rk ing  w ith  the  spatial p lanning system to  locate and design 
flood  resistant and resilient developm ents, im prove flood  awareness o f those 
liv ing and w ork ing  in the floodp la in  and im proving  em ergency planning, 
response and recovery. The plan m ust also dem onstra te how  op tions can be 
adapted and respond to  change th rou gh  the cen tury and the  m on ito ring

The Thames Barrier in operation -  view upstream towards the c ity  o f  London

The TE2100 approach is centred on dealing w ith  the  uncerta inties h igh 
lighted above. The challenge is to  ensure tha t each op tion  is appraised 
against a range o f c lim ate and socio-econom ic scenarios, w h ich  w ill deliver 
acceptable flood  m anagem ent. It m ust also be fu lly  com p lian t w ith  the 
regu irem ent o f European legislation on habitats, strategic environm enta l 
assessment, floods and w ater fram ew ork, to  enable the  people and w ild life  
o f London and theTham es Estuary to  prosper. A t the  centre o f this approach 
is a fram ew ork w h ich  w ill test the  su itab ility  o f the op tions against d iffe ring 
futures driven by a range o f socio-econom ic and clim ate change scenarios. 
Thus, op tions can be refined and the m ost resilient, effective and cost-ben
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BOX 8.2

eficial so lu tion identified. Using this m ethod  it w ill be possible to  de tect 
thresholds w h ich  w ill be critical to  d iffe ring options. For example, m od ify 
ing the  existing Thames Barrier and defences w ill cope on ly  w ith  a certain 
level o f sea-level rise and increase in storm  surge, so there w ill be a trigger 
threshold at w h ich  o ther measures (such as flood  storage, an ou ter Barrier or 
relocation o f vulnerable deve lopm ent) m ust be added.

This approach has been developed from  the "Risk, U ncerta in ty and Deci
sion-M aking" Technical Report produced by the  Environm ent A gency for 
the  UK Climate Im pact Programme. TE2100 is also w ork ing  w ith  partners 
in Holland, Germany and Belgium  in the  ESPACE Project (European Spatial 
Planning A dapting  to  C limate Events) to  develop and refine transnational 
methods. The invo lvem en t o f stakeholders in London and across the  estuary 
w ill be critical to  the  success o f the  plan and im p lem enta tion  o f the  selected 
op tions post-2010. TE2100 is w ork ing  w ith  a w ide variety o f stakeholders, 
from  G overnm ent to  local estuary user groups to  ensure tha t the  final Flood 
Risk M anagem ent Plan w ill, as far as possible, be com patib le  w ith  the  various 
interests th a t the  Estuary supports.

An extensive s tudy and consulta tion program m e is underw ay to  enable full 
understand ing o f the  processes and issues critical to  testing and deve lop
ing options. A t this stage, no conclusions have been reached on likely final

options, bu t early find ings  have been released to  keep stakeholders abreast 
o f the project's deve lopm en t and to  provide confidence in the approach 
to  key decision makers across the  Estuary. A key aspect o f p lanning fo r an 
uncerta in fu tu re  has been to  advocate and share the  aims o f the  pro ject 
w ith  key decision makers across the  Estuary, particularly those planning new 
deve lopm ent, to  ensure th a t decisions taken today w ill provide o p p o rtu n i
ties to  im p lem e n t the  recom m ended op tions th rou gh  the century. A draft 
plan w ill be released for consulta tion in April 2009.

TE2100 w ill produce a long-te rm  Flood Risk M anagem ent Plan for London 
and the Thames Estuary. Climate and socio-econom ic change is central to  
the  risk-based approach adop ted and the op tions be ing considered have 
been structured around this. The long-te rm  success o f the  final Plan w ill be 
de term ined to  a large extent by how  well th is strategic approach, w h ich  
embraces uncerta inty, can be adopted by the  Environm ent Agency's im p le 
m en ta tion  partners. Spatial and em ergency planners as well as those tha t 
live and w ork  on the  Estuary w ill need to  ensure tha t decisions taken today 
do no t restrict TE2100 op tions fo r the  future, as well as accepting th a tf lo o d -  
ing and the way it is m anaged are go ing to  change over the  century.

Rachael Hill.
Courtesy The Environment Agency, England and Wales. U.K.

W hile hard structural p ro tection  can successfully 
reduce risk in respect o f coastal hazards, such m ea
sures have n o t always been e ffic ien tly  im p lem ented . 
In som e cases, p ro tection  measures m ay have even

con tribu ted  towards an increased risk. For example, 
hard shoreline stabilization can d isrup t natural sand 
m ovem en t on the  shore, exacerbating erosion rates 
d o w n -d r iftfro m  the  structure. This is one o f the rea

sons w h y  shoreline m anagem ent p lanning based 
on coastal cells was im p lem ented  in England and 
Wales (Box 8.3).
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BOX 83 Coastal hazard m anagem ent planning, including examples from England and Wales

P ro tection  o f a coast against erosion and flo o d in g  caused by waves, cur
rents, s to rm  surges and tsunam is  or any o th e r natural ph enom ena  or 
hum an in te rv e n tio n  reguires a deep  unde rs ta nd ing  o f th e  associated 
physical processes over a w id e r coastal reg ion. Irrespective o f the  source 
o f the  hazard, the  u n d e rly in g  p rinc ip les  o f coast and flo o d  p ro te c tio n  
m e tho ds  are sim ilar. In th is  con tex t, the  p repa ra tion  o f a Coastal Hazard 
M an ag em en t Plan (CHMP) is an im p o rta n t e le m e n t o f an overall In te 
gra ted Coastal Area M an agem en t Plan.

W ith in  an ICAM plan, a CHMP represents a coh e re n t set o f measures, 
specified  in t im e  and space, to  ach ieve hazard m itig a tio n  against ex is ting 
or an tic ip a ted  dam age fro m  s ing le  or m u ltip le  hazards. A p ro je c t m o n i
to r in g  and con tro l system  is also in co rp o ra ted  as an im p o rta n t a c tiv ity  
w ith in  th is  plan. In v ie w  o f th e  dyn am ic  be ha v iou r o f the  coastline, so lu 
tion s  fo r a pa rticu la r lo ca tion  ca n n o t be deve loped  in iso la tion. There 
is s trong  need to  cons ider im pacts  over a w id e r coastal reg ion w here  
p rob lem s can be exp o rted  a longshore. To ove rcom e this, sed im e n t trans
p o rta tio n  a long coastlines and th e  dyn am ic  e g u ilib r iu m  are assessed via 
"coastal ce lls "and  "sub-ce lls "and  sed im e n t b u d g e t com p u ta tio ns .

Coastal cells are se lf-co n ta ined  system s fo r beach -grade  sed im en t, w h ile  
coastal sub-ce lls  ope ra te  reasonably in d e p e n d e n tly  o f th e ir a d jo in ing  
sub-cells. W ith in  a coastal cell, coastal erosion and accre tion  can be 
unde rs tood , de fined  and exp la ined in te rm s o f th e  cell's sed im e n t ba l
ance (sed im en t budge t). Coastal erosion is a resu lt o f sed im e n t b u d g e t 
de fic it. The es ta b lishm en t o f coastal cells and th e  g u a n tific a tio n  o f sed i
m e n t b u dg e ts  p rov ide  an e ffec tive  p la tfo rm  fo r ICAM. This p rocedure  
p rov ides in fo rm a tio n  o f th e  status o f th e  coastline  as w e ll as h o w  it w o u ld  
respond to  a g iven hazard. The approach p rov ides the  basis fo r so lu tions  
and also enables th e  assessm ent o f the  im p a c t o f a pa rticu la r so lu tio n  on 
its n e ig h b o u rin g  coasts.

This p h ilo so p h y  has been ad op te d  in England and Wales, w here , h is to r i
cally, coastal f lo o d in g  and coastal erosion have been trea ted  as separate 
issues gove rned  by d iffe re n t laws and d iffe re n t parts o f go ve rn m en t. Since 
the  early 1990s, the  m a n ag em en t o f these tw o  hazards has been in te 
gra ted unde r the  um bre lla  o f sho re line  m an ag em en t based on coastal 
cells and sub-cells. D e fined by the  sub-ce ll boundaries, a b o u t 40 sho re 
line m an ag em en t plans (SMPs) w ere prepared in the  late 1990s cove ring  
the  en tire  coast o f England and Wales. W ith in  the  sub-cells, coastal land 
use was used to  d iv ide  th e  sho re line  in to  ho m og ene ou s  m an ag em en t 
un its  w here  th e  response to  f lo o d in g  a n d /o r erosion is un ifo rm . For each 
m a n ag em en t un it, one o f fou r generic  and essentia lly  g e o m e tric  po lic ies 
was selected:

• Hold the  Line
• Advance the Line
• Retreat the  Line
• Do N oth ing

The techn ica l de ta ils o f h o w  to  ach ieve these s tra teg ic  goals are assessed 
in "coastal s tra tegy" assessments and in m ore deta il the  "coastal schem e" 
design. Since the  1990s, the  SMP process has evo lved to  a co m p re h e n 
sive set o f m e tho ds  assessing (1) coastal processes, (2) coastal defences, 
(3) land use, and (4) th e  en v iro nm en t. R ecogn ition  o f m an ag em en t 
un its  (now  te rm ed  "coastal process units") rem ains fun d a m e n ta l to  the  
approach, and, in any hazard m itig a tio n  study, th e  coast w ill s im ila rly  
have to  be d iv ide d  in to  ho m og ene ou s  un its  in te rm s o f responses. These 
p rinc ip les  can be transfe rred to  th e  m an a g e m e n t o f any coastal hazard.

R obert N icho lls  and Sam H e ttia rachch i
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Structural protection responses can also lead to 
significant adverse socio-econom ic and environ
m ental Impacts. Installing hard shoreline pro tection 
structures can destroy Im portant habitats as well 
as opportun ities for public access to  the shore. For

Fig. 8.2 Protection by enhancement o f  natura l features: 
mangrove.
Rhizophora apiculata four months after p lan ting  using 
an innovative p lan ting  technigue, COMP-PILLOW, for 
rehab ilita ting  a less eroded site (Category 2) w ith o u t a 
front-line wave breaker, Kuala Gula, Perak, Malaysia.

Source: Raja Bar izan, Forest Research Institute Malaysia (FRIM).

Picture Copyright © FRIM-JPSM & NRE National Task Force Committee o f 
Planting Mangroves and Other Suitable Species Operation in Shoreline 
o f Malaysia

example, seawalls and bulkheads prevent the land
ward m igration o f wetlands, Intertidal areas and 
beaches. As sea level rises or the land In fron t o f the 
structure continues to  erode, ecologically valuable 
wetlands and Intertidal areas tha t provide Im portant 
habitat for com m ercial fish species are lost along 
w ith  popular touris t beaches. Such losses may have 
significant Impacts on local economies.

A pro tection strategy could also Include softer engi
neering options, such as restoring or enhancing 
natural protective features (e.g., restoring wetlands, 
stab iliz ing /rebu ild ing dunes and re-nourlshing 
beaches), or raising the ground level around coastal 
villages (Fig. 8.2).

W ithin the ICAM context, po licy makers and planners 
need to  carefully evaluate the long-term  Implications 
o f the proposed pro tection measures, fu lly  w e igh ing 
the socio-econom ic and environm ental benefits and 
costs o f each approach. Even w hen potentia l draw
backs are considered, po licy makers may select a pro
tection strategy using structural solutions as the only 
practical option, especially along heavily developed 
coasts, where vital Infrastructure Is at Imm ediate 
risk. Alternatively, hard solutions may be a necessary 
short-term  stra tegyfor com m unities to  "buy tim e" for 
more com prehensive or long-lasting bu t politica lly 
d ifficu lt solutions.

Lastly, It Is Im portan t to  keep In m ind tha t there 
Is always a risk o f failure fo r p ro tection  measures, 
even If this risk m ay be very small. Hence, addi
tional m itiga tion  measures, such as establishing 
hazard w arn ing systems and evacuation plans and 
routes, should always be com bined w ith  pro tec
tion  approaches as an added safety measure (see 
"Accom m odation", below).

"Accom m odation" Involves ad justm ents In the  way 
people live and the way In w h ich  they  develop 
land In response to  coastal hazards. It Includes the 
con tinued , bu t altered, use o f land, m arket m echa
nisms, and bu ild ing  and /o r site design practices to  
reduce vu lne rab ility  to  coastal hazards. Examples 
Include elevating structures on pilings or fill so they 
are o u t o f floodpla ins, constructing  elevated flood  
and cyclone shelters, floo d - and w ind -p roo fing  
bu ild ings to  bette r w ithstand high w inds and storm  
surges, and chang ing crops to  m ore flood /sa lt-to l- 
erant varieties.

A ccom m oda tion  for tsunam is and storm -induced 
floo d ing  w ill com m o n ly  Include measures such as 
establishing early w arn ing systems and evacuation 
routes to  encourage popu la tion  m ovem en t to  safe 
locations, w hen appropria te (Section 7). Success
ful examples Include the  extensive cyclone shelter 
networks and associated w arn ing systems around 
the Bay o f Bengal w h ich, since 1991, have greatly 
reduced the  death to ll du ring  cyclone landfall (Box 
8.4). In the  Maldives, the experience o f the  2004 
Indian Ocean tsunam i Is leading to  the  deve lop
m en t o f shelters to  p ro tect at risk popu la tions from  
tsunamis.

W hen deve lop ing a risk m anagem ent strategy, po l
icy makers may realize tha t a ttem p ting  to  reduce a 
com m unity 's  risk from  coastal hazards th rou gh  p ro
tec tion  and accom m odation  approaches w ou ld  no t 
be feasible In the  long-run. Protection and accom 
m odation  approaches can be costly to  Im p lem en t 
and usually regulre con tinual m aintenance to  be 
effective. Their cost, com bined w ith  the ir Inability  to  
pe rm anently  p ro tect coastal com m un ities  from  all 
hazards, may lead po licy makers to  adop t the  th ird  
type o f m itigation s tra tegy-"re trea t'!
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BOX 8.4

Deltaic areas ad jacent to  the  Bay o f Bengal 
suffer from  frequen t extrem e high tides due 
to  storm  surges as well as rou tine m onsoonal 
floods. In Bangladesh a ne tw ork  o f concrete 
tw o-s to rey shelters has been constructed at a 
spacing o f abou t one kilom etre, m ainly since 

A cyclone shelter in Orissa, India ^ g  1991 cyclone. These shelters have space on

the ground floo r for animals and on the  second 
floo r for people, well above recorded w ater lev
els. The shelters also have early w arn ing sirens or

bells and may have pre-positioned em ergency supplies o f food  and medical 
supplies. In add ition  to  the  shelters, a w arn ing system is in place based on 
com m u n ity  volunteers w h ich  distributes m eteoro log ica l forecasts to  local 
people in tim e  to  evacuate to  the  shelters. The success o f these measures 
is apparent from  the greatly reduced death to ll in cyclones. Cyclone Sidr in 
2007 was sim ilar in m agn itude  to  the  1991 cyclone, b u t the  death to ll in Ban
gladesh, at 3200 people, was on ly  2% -3%  o f th a t  in 1991.

Peter King

Coastal cyclone shelters in Bangladesh and in Orissa, India

"Retreat", w h ich  in th is con tex t is m anaged or 
planned, involves preventing fu tu re  deve lopm ent 
in coastal hazard zones and progressively ceding

land by m oving deve lopm ent away from  hazard- 
prone areas as the o p p o rtu n ity  arises or as ind iv id 
ual assets com e under im m inen t th rea t (Box 8.5).

Unplanned and ad hoc retreat can also occur as a 
last resort.

BOX 8.5 Coastal setbacks

A doption  o f construction setbacks may pose some resource, institutional 
and political challenges, bu t has becom e a fairly com m onplace and feasible 
approach to  prom oting  adaptation or retreat strategies to  cope w ith  sea-level 
related hazards. Construction setbacks are in tended to  direct new develop
m en t or redevelopm ent ou t o f identified hazard areas and to  pro tect natural 
hazard m itiga tion  features, such as beaches and dunes, by restricting devel
opm en t seaward o f a setback line, established parallel to  the shoreline. The 
type o f setback used, includ ing how  and from  where it is established, can vary 
widely. Setback lines are often measured from  a specific shoreline feature, such 
as the high-tide line, extreme high water mark, or a dune vegetation line.

UNESCO defines coastal deve lopm en t setback as '...a prescribed distance to 
a coastal feature, such as the  line o f perm anent vegetation, w ith in  wh ich 
all or certain types o f deve lopm ent are prohibited.'This is the  standard de fi
n ition  used by m any as the starting po in t to  de fin ing  the  coastal setback. 
Coastal deve lopm en t setbacks, according to  UNESCO, have several fun c 
tions, namely:

• to  provide buffer zones betw een the  ocean and coastal infrastructure, 
w ith in  w h ich  the  beach zone may expand or con tract naturally, w ith o u t 
the  need for seawalls and o ther structures;

• to  reduce dam age to  beach front p rope rty  during extrem e natural events, 
e.g., hurricanes; to  provide im proved vistas and access along the  beach; 
and

• to  provide privacy fo r the  occupiers o f coastal p rope rty  and also for per
sons en joying the  beach as a recreational resource.

So far, on ly  in one Regional Sea has a specific legislation regulating th is issue 
been adopted. The M editerranean Protocol on ICZM, w h ich  was adopted 
in early 2008, has a special provision for coastal setback. Its A rtic le  8 s tipu 
lates th a t the Parties to  the  Barcelona C onvention '...shall establish in coastal 
zones, as from  the h ighest w in te r waterline, a zone w here construction  is 
no t allowed. Taking in to  account, in ter alia, the  areas d irectly  and negatively 
affected by clim ate change and natural risks, th is zone may no t be less than 
100 metres in width...'.
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BOX 8.5

A num ber o f countries have also taken steps to  safeguard the  coastline against 
natural risks by de fin ing  the coastal setback zone. In the  United States, as o f 
2001, nearly tw o -th irds  State and Territorial Coastal Zone M anagem ent Pro
grams have developed S tate/Territory-w ide setback requirem ents for con
struction  along the  coast. O f the  rem aining areas, setbacks have o ften been 
adopted and im p lem ented  by loca l/m un ic ipa l governm ents. The fo llow ing  
types/num bers o f setbacks have been im p lem ented ; i) three states w ith  a 
fixedsetback line; ii) nine states w ith  an arbitrary setback distance from  a base
line; iii) six w ith  a variable setback distance; and iv) six w ith  a com b ina tion  o f 
arbitrary and variable setback lines. These setbacks are em ployed for a num ber 
o f purposes, inc lud ing p ro tection  o f beaches and dunes for recreation and 
hazard m itiga tion  ob jectives or specifica lly designed to  move structures ou t 
o f an iden tified  erosion- or inundation  risk area.

The Shore Law o f Turkey defines the  "shore strip" as a zone w h ich  has a 
m in im um  o f 100 m w id th  horizontally, starting from  the "shore edge line", 
according to  the  am endm ent dated 1 st July 1992. Construction in th is zone 
is extrem ely restricted. The Cyprus A ct o f 1959 forb ids foreshore construc
tion  w ith in  a 50-m etre-w ide coastal fringe. Coastal D eve lopm ent Setbacks in 
A ntigua and Barbuda have been de term ined for cliffed coasts (the setback is 
50 feet) and low  rocky shores (the setback is 100 feet). These setbacks apply 
to  all types o f deve lopm en t -  houses, hotels, vil las and com m ercial build ings, 
w he the r o f w o od  or concrete, as w ell as roads and sw im m ing  pools.

Iv icaTrum bic

A m anaged retreat approach typ ica lly  involves 
p ro h ib itin g  d e ve lopm e n t in undeve loped  areas 
and estab lish ing th resho lds to  tr ig g e r d e m o li
tio n  or re loca tion o f existing structures th re a t
ened by erosion and o ther hazards. Therefore, this 
approach usually requires a nu m be r o f measures 
to  lim it new  or red eve lopm en t in h igh  risk areas. 
These inc lude im p le m e n tin g  cons truc tion  set
backs along the  shore to  ensure d e ve lopm e n t is 
p laced ou ts ide  h igh risk areas; ad op ting  zon ing 
con tro ls  to  ensure th a t bu ild ings  are small enough 
and construc ted  in a w ay to  fac ilita te  re loca tion or

easy rem oval w hen needed; and in s titu tin g  re lo
cation assistance a n d /o r buy-back program m es to  
he lp  w ith  re location costs or com pensate p ro p 
e rty  ow ners w h en  the ir p ro pe rty  becom es unus
able. A lth o u g h  retreat strategies can be po litica lly  
cha lleng ing to  im p lem en t, in som e areas the y  can 
be the  m ost effective risk m anagem en t stra tegy 
in the  long run. Box 8.6 on ro lling easem ents and 
easem ents fo r retreat expla ins a re la tive ly new  
approach to  m anaged retreat.

Table 8.1 provides examples o f the types o f measures 
tha t may be taken w ith in  the protection, accom m o
dation and retreat strategies to  address specific haz
ards (tsunami inundation and run-up, storm  surge, 
sea-level rise and coastal erosion). For more in -depth 
in form ation about the measures presented in Table
8.1, see annexes 1 and 2. Annex 1 describes each 
measure and provides links to  additional in form ation 
on the measures. Annex 2 identifies the major eco
nomic, environm ental and political trade-offs for the 
selected m anagem ent measures.
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Table 8.1 "Protection", "Accommodation" and "Retreat" strategies -  examples o f  strategic risk m anagem ent measures for addressing 
coastal hazards and  their effectiveness. (See note a t base o f  table regarding effectiveness)

MANAGEMENT 

(RISK REDUCTION) 

STRATEGIES M anagem ent measures

HAZARDS

Tsunami inundation  

and run-up

Storm

surge

Inundation from  long 

te rm  sea-level rise

Erosion (chronic 

and episodic)

Protection

Constrain hazard impact

• Closure gates, surge barriers/ storm gates •• • •

• Dykes (levees)/revetments/seawalls • •• • • • •

• Groynes • • •

• Artificial headlands • • •

• Cliff stabilisation measures • •

• Offshore breakwaters/reefs • •• • •

• Offshore tsunami breakwaters •

• Beach nourishment •• • • • •

Accommodation 

Modify behaviour

• Enhance natural protective features • • •

• Shelters, warning systems and evacuation routes • • ••

• Building codes • • •• •

• Drainage regulations/policies •

• Zoning controls • • • •

• Post-disaster redevelopment regulations • • •• •

• Tax and insurance incentives/disincentives • • •• • •
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Retreat • Building codes • • • • • •

Move away
• Construction setbacks • • •• • • • •

• Transfer o f developm ent rights • • • •

• Targeted buyouts/relocation assistance • • •• • • • •

• Zoning controls • • • •

• Tax and insurance incentives/disincentives • • • •

• Restricting capital improvements • • • •

• Easements, rolling easements • • • •

• Post-disaster reconstruction prohibition • • • • • •

•• ve ry  e ffective ; • so m e w h a t e ffec tive
The effectiveness o f  various m easures w ill d e p e n d  on  th e  m a g n itu d e  o f  th e  hazard events, especia lly  fo r tsunam is  and s to rm  surges, as w e ll as th e  robustness o f  th e  n o n -s truc tu ra l 

approaches im p le m e n te d .
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BOX 8.6 Examples of rolling easements/easements for retreat in the U.S.A. and the United Kingdom

To address shoreline erosion and sea-level rise, the  state o f South Carolina, 
United States, passed a Beach Front M anagem ent A ct in 1988, w h ich  estab
lished a setback line for ocean-front p rope rty  o f fo rty  tim es the annual ero
sion rate. W hen the  setback line was drawn, it rendered som e lots undevel
opable since there was an insuffic ient area to  landward o f the  setback line 
to  erect a bu ild ing. It also placed som e existing structures entire ly seaward 
o f the setback line.

In response to  a lawsuit b rough t by a property  ow ner whose property  was 
"undevelopable" due to  the new setback line, the state am ended its Beach 
Front M anagem ent Act to  allow  for a rolling easement on any lo t seaward 
o f the setback line. Establishing a rolling easement po licy helped the state to 
avoid the need to  com pensate landowners for the lost use o f the ir land. The 
rolling easement allowed lots seaward o f the setback line to  be developed, bu t 
no hard shoreline stabilization structures could be used to  pro tect the prop

erty. "Soft"erosion contro l m ethods are still allowed, includ ing beach renour
ishment, bu ild ing up artificial dunes, and tem porarily  placing small sandbags 
around a home. If homes are damaged or destroyed during a storm, they are 
allowed to  be rebuilt as long as high ground still exists. If the lo t is subm erged 
during high tide, rebuild ing/repairing is no longer allowed.

In the  United K ingdom , easements have recently been established fo r rede
ve lopm ents  on eroding c liff tops in the  Isle o fW igh t.T w o  new  bu ild ings have 
been allowed. However, the  owners fo rfe it the ir righ t to  p ro tection  and bear 
the risk o f the  erosion o f the ir property. Such practices are expected to  be 
m ore w ide ly  applied to  eroding cliffs in the United Kingdom .

Allison Castellan and Robert Nicholls
Source: includes Titus, 1998

8.3  DEVELOPING A STRATEGIC RESPONSE 
TO COASTAL HAZARDS

Considering a m ulti-pronged approach
Unless dealing w ith  a small and or hom ogenous 
m anagem ent area, po licy makers w ill usually have 
to  take a m u lti-p ronged  approach to  reducing risks, 
incorpora ting  m any o f the  pro tection , accom m o
da tion and retreat op tions available to  be m ost 
effective. No single approach by itself w ill be able 
to  address the  com m unity 's  vu lne rab ility  to  coastal

hazards. Once an overall strategy is identified, com 
prising pro tection , accom m odation , retreat or a 
com b ina tion  thereof, po licy makers m ust choose 
specific measures, such as those presented in Table
8.1, to  im p lem e n t the  selected strategy.

Selection o f specific measures w ill depend on a 
w ide  variety o f factors includ ing:
• the  hazard(s) be ing addressed;
• the  geographical scope and level o f deve lop

m en t o f the  area to  be managed;

• priorities iden tified  th rou gh  the  vu lne rab ility  and 
risk analyses;

• the  broader approach(es) being taken (protec
tion , accom m odation  or retreat);

• the  tim efram e th a t is be ing addressed;
• the  existing and po tentia l capacity o f the  com 

m un ity  (e.g., funds, expertise, adm in istra tive 
capacity); and

• the  politica l, legal and socio-econom ic context.
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BOX 8.7 Risk and response: coastal storms and erosion in KwaZulu-Natal, South Africa, March 2007

In March 2007, the  entire coastline o f KwaZulu-Natal (KZN) experienced 
exceptiona lly h igh waves generated by a c u t-o ff low-pressure system o ff the 
coast, w h ich  occurred concurrently  w ith  egu lnox Spring high tides. A s ign ifi
cant wave he igh t o f 8.5 m and a peak wave he ig h t o f 14 m were recorded.

A lthough  the  H ighest Astronom ical Tide (egulnox Spring tide) on ly  occurs 
once every 18.6 years and had been predicted for the  March 2007 period, the 
co inc id ing  c u t-o ff low  pressure system th a t generated the  extrem e waves 
was a m eteoro log ica l event th a t was less predictable. Due to  the  relatively 
s low  Increase In wave he igh t leading to  the  peak o f the  storm , people had 
suffic ien t tim e  to  move away from  the threat. Once authorities and citizens 
realized the  Im m inen t danger to  b u ilt Infrastructure and private property, It 
was too  late to  m obilize and Institute tem po ra ry  p ro tection  measures. Even 
If managers were afforded m ore tim e  to  prepare, the  exposed nature and 
leng th o f the  KZN coastline, In con junc tion  w ith  the Intensity o f the  storm , 
suggests tha t m ost a ttem pts to  p ro tect Infrastructure against the  waves 
w ou ld  have been largely Ineffective.

The March 2007 storm  event has 
resulted no t on ly In the loss o f 
Infrastructure and property, but 
also a reduction In the ability o f the 
shoreline to  buffer the coast against 
the eroding action o f the ocean. 
The removal o f sand from  beaches 
and the erosion o f the offshore 
sand bars caused by the storm 

Coastal erosion in Kwazulu-Natal, South Africa, have triggered severe, localized 
March 2007 coastal erosion In the m onths fo l

low ing the storm. In many cases, 
the coastal erosion has prevented the reinstatem ent o f public Infrastructure and 
services. The storm  event and the ongo ing erosion have h igh lighted the lack o f 
unam biguous m anagem ent guidelines for dealing w ith  physical hazards and 
risk at the provincial scale. A lthough the appropriate legal Instruments already 
exist, the scale o f the Im pact regulred no t on ly action by the state and m anag
ers to  act In order to  pro tect Infrastructure, bu t also a similar response from  the

public.This, however, proved to  be Impractical on the tem poral and spatial scale 
tha t was necessary to  respond to  the exacerbated coastal erosion. The Imprac- 
tlcallty was attribu table to  the detailed and tim e-consum ing nature o f the Envi
ronm ental Im pact Assessments as a regu lrem entfor conducting  alterations and 
reinstatem ent works w hether by m unicipalities or the private sector.

Initially governm ent response was lim ited to  the actions o f the local au thori
ties, bu t as the threat and w idespread Im pact o f coastal erosion Increased, both 
provincial and national governm ent had no choice bu t to  respond to  the call 
from  stakeholders and local authorities. The role o f National G overnm ent In this 
Instance w ou ld  more than likely be restricted to  provid ing financial resources 
th rough the National Disaster M anagem ent Fund w h ile  the Provincial Depart
m ent o f Agriculture and Environmental Affairs w ill take a more strategic role 
In expanding the horizon o f the response. This Includes the proposal o f eleva- 
tlon-based build ing setback lines (for example, the +10 m MSL contour), the 
deve lopm ent o f guidelines for dealing w ith  erosion In both the short- and the 
longer-term , and broad principles for living w ith  coastal erosion.

The dam age estim ate caused to  m unicipal Infrastructure (excluding private 
landowners), am ounts to  approxim ate ly  South African Rand 400 m illion. This 
figu re  Is based on the  dam age assessment report o f the  Provincial Disaster 
M anagem ent Centre. O ther secondary b u t s ign ificant costs Include the loss 
o f tou rism  revenue as ho liday rentals and vacation-associated com m erce 
were affected by a negative perception o f the  state o f the  beaches. Further
more, the  a llocation o f m un icipal funds towards rem ediation o f the  dam aged 
beaches and Infrastructure were no t consistent. Some m unicipalities, no tably 
eThekwlnl M unicipality, reallocated funds from  the ir opera ting and capital 
budgets, resulting In an Im m ediate c lean-up response and concom itan tly  
reducing negative pub lic  perceptions relating to  the  state o f the  beaches. 
O ther m unicipa lities were less w illing  to  com prom ise on budgets, hop ing  on 
Disaster Relief from  National G overnm ent. Six m onths after the storm  event, 
the  beaches are still perceived to  be In a less than satisfactory state, w ith  rub 
ble and dam aged Infrastructure very visible. This obviously affects occupancy 
and m ost o ther com m erce In these tou ris t-dependen t towns.

Louis Celliers and A ndrew  M ather
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BOX 8.8 Hazard mitigation in an ICAM context: the case of Pacifica, CaliforniaIncorporating other ICAM goals
W hen selecting m anagem ent measures w ith in  
an ICAM context, po licy makers should also con
sider, no t on ly the  m anagem ent o f risk, b u t also 
the  potentia l effects o f those measures on critical 
coastal resources, pub lic  access, recreational assets, 
and o ther ICAM goals and values.The w ho le  coastal 
m anagem ent system at the  defined scale needs to  
be taken in to  accoun t in decid ing  on the  m itiga tion  
approach. For example, po licy  makers m ig h t focus 
on a retreat strategy w ith  som e pro tection  elem ents 
such as the  deve lopm ent o f a special zoning over
lay d is tric t tha t establishes a setback for structures 
along a shoreline. Such an approach m ig h t also 
achieve the  benefits o f p ro tecting  riparian habitat, 
p rov id ing  pub lic  lateral access and establishing a 
vegetated zone to  pro tect and po ten tia lly  im prove 
coastal w ater guality. A lternatively, fo r a h igh ly  
developed area, a p ro tection  response should 
include warn ings and evacuation elem ents to  m an
age residual risk. Further, if the p ro tection  degrades 
coastal ecosystems, hab ita t creation could also be 
considered in appropria te  locations. The case study 
in Box 8.8 describes how  Pacifica, California, decided 
to  im p lem e n t a m anaged retreat po licy to  address 
o ther ICAM issues, such as preserving pub lic  access 
and restoring fish habitat.

Pacifica, California had long battled chronic 
coastal floo d ing  and beach erosion. For decades, 
the  c ity  had em ployed structural stabilization 
technigues to  arm our Pacifica State Beach and 
channelize San Pedro Creek. Despite these ear
lier stabilization activities, the  c ity  still faced three 
ongo ing  impacts: floo d ing  o f hom es and busi
nesses; erosion at the  state beach; and m a in ta in
ing hab ita t fo r an im p o rtan t native fish species, 
the  Steelhead Trout, in the  creek.

In 1982, a m ajor f loo d  dam aged m ore than 
300 homes, destroying one hom e com ple te ly . 
Three o f the  rem a in ing structures were now  
con tinu a lly  th rea tened by storm  surge and e ro
sion. C o m m u n ity  m em bers were concerned 
th a t add itiona l shore line hardening w o u ld  on ly  
accelerate erosion a tth e  state beach -  a popu lar 
surfing  location. The surfing  com m u n ity , led by 
Pacifica's mayor, favoured a shoreline restoration 
approach over a proposal to  fu rth e r harden and 
channelize the  creek to  reduce hazard-related 
risk. A state conservancy agency and o the r 
partners also preferred the  restoration op tio n  
because it offered add itiona l benefits: im p ro v 
ing fish habita t.

In the  early 1990s Pacifica, the  state conser
va tion  agency, and a local land trus t w orked 
to g e th e r to  deve lop  a m anaged retreat stra tegy 
th a t com b ined  re location or rem oval o f vu lne r
able s tructures to  reduce flo o d in g  and erosion 
threats, w ith  enhancem en t o f natural p ro te c
tive  features and beach nourishm en t. To begin 
im p le m e n tin g  its strategy, the  c ity  partnered

w ith  several state agencies and the  U.S. A rm y 
Corps o f Engineers to  expand and enhance the 
tid a lly  in fluenced w e tlands at the  creek m ou th  
and restore the  e rod ing creek banks. This res
to ra tio n  enhanced the Steelhead T rout hab ita t 
and achieved 100-year f loo d  p ro te c tion  fo r the  
com m u n ity . The restora tion approach also had 
an add itiona l be ne fit fo r the  com m un ity . It was 
s ig n ifica n tly  less expensive than o ther propos
als fo r add itiona l shoreline hardening and flood  
con tro l measures.

W ith assistance from  the local land trust and the 
state conservation agency, Pacifica was later able 
to  make targeted buyouts and rem ove the  tw o  
m ost vulnerable homes. They also restored the 
fo rm er hom e sites to  a natural area by renourish- 
ing the  beach and rebu ild ing  the  dunes. In the 
final phase o f the  m anaged retreat strategy, the 
c ity  plans to  relocate the  one rem aining th rea t
ened structure -  a restaurant -  to  the  o ther side 
o f the  coastal road.

Creative partnerships invo lv ing all levels o f gov
ernm en t and NGOs helped leverage the  pub lic  
sup po rt needed to  im p lem e n t a p ro ject tha t cost 
m illions o f dollars and took  a decade to  com 
plete. S upport o f local gove rnm en t leaders, par
ticu la rly  the  mayor, he lped finance the up -fron t 
expenses for the  project. U ltim ately, the  planned 
retreat strategy was made m ore po litica lly  viable 
because pro ject partners had the  capital neces
sary to  purchase threatened structures ou trigh t.

Bill O 'Beirne and Allison Castellan
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The application of decision-analysis tools
W ith so m any variables to  consider, po licy mak
ers can find  it very cha lleng ing to  decide w h ich  
strategy and measures w ou ld  be best. Decision- 
analysis too ls can be very helpfu l in evaluating the 
various benefits and drawbacks o f each op tion . Two 
examples o f decision-analysis too ls are benefit-cost

analysis and m ulti-crite ria  analysis.
Benefit-cost analysis involves com paring the  tota l 
cost o f one or m ore strategies w ith  the  to ta l ben
efits it w ou ld  provide (Box 8.9). W hen the benefits 
ou tw e igh  the  costs, the  approach w ou ld  be effec
tive and have an overall bene fit to  the  com m unity . 
In order to  perform  a bene fit-cost analysis, all costs

and benefits m ust be translated in to  a com m on 
denom ina to r -  typ ica lly  m onetary. Ecosystem ser
vices m ust be included in the  analysis, for instance, 
the  m onetary  benefits o f p ro tection  afforded by 
coral reefs and mangroves.

BOX 8.9 Benefit-Cost Analysis: the example of England and Wales, United Kingdom

Background: Benefit-Cost Analysis (BCA) is one decision m ethod for assessing 
w hether the costs o f an in tervention to  reduce hazard-related risk, such as a 
flood defence scheme, are w o rth  the benefits it brings by measuring both costs 
and benefits in the same (usually m onetary) units. In England and Wales, the 
benefits o f a flood  alleviation scheme are assessed on an econom ic, rather than 
financial, basis so tha t those benefits represent real econom ic savings to  the 
nation as a whole, and no t financial savings to  individual householders. BCA in 
flood risk m anagem ent involves setting a "do noth ing" baseline op tion  (where 
there is no existing scheme) or a "walk away" baseline op tion  (where there is an 
existing scheme). The effects o f technically feasible flood alleviation schemes 
are then com pared to  the baseline scenario to  ascertain the econom ic ben
efits o f the proposed scheme. Those benefits, w ith  respect to  residential and 
commercial properties, are calculated using the standard national databases 
funded by the national governm ent.

Property damages: Property damage is estimated for residential and non-resi- 
dential properties. As an example, the residential depth /dam age data estimates 
potentia l damage using synthetic flood damage data based on secondary 
source data. Depth/dam age figures are provided for 15 flood  depths (ranging 
from  -0.3 m to  3.0 m) and tw o  flood durations (<12 hours and >12 hours). The 
m ost detailed standard data is provided for five house types, seven build ing 
periods, and for four d ifferent social classes o f the dwellings'occupants. Where 
detailed in form ation on the type and age o f the properties or the social class o f 
the ir occupants is no t available, w e ighted averages are provided. The highest- 
level data available is the sector average for all residential properties; these data 
are in tended for use at the strategic level o f appraisal, where on ly the num ber 
o f properties in the benefit area may be known. A t the lowest level, the dam 
age data are provided at the individual household level; these values may be 
applied in a full feasibility appraisal. A t all levels, the damages are separated into

j  i 
■ »

H -jftK  K-.r-v. w c - H  - v r -

Damage components o f  residential sector mean, short duration  
(BF = build ing fabric, Ft! = household Inventory)

build ing fabric and household inventory com ponents. The figure be low  shows 
the damage com ponents o f the residential sector mean.

Benefits o f BCA: The approaches outlined above provide a rational and ob jec
tive m ethod o f assessing com peting  projects under the real situation o f fin ite  
resources. In England and Wales, the application o f BCA has focused flood and 
erosion investm ent towards the m ost beneficial projects from  a societal per
spective and has assured tha t governm ent investm ent provides a real return. In 
more general terms, structure m ethods like BCA, or o ther related m ethods such 
as Cost-Efficiency Analysis or Multi-Criteria Analysis, provide processes where 
the selection o f hazard m itiga tion  measures is transparent and consistent.

Edmund Penning-Rowsell and Theresa Wilson
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M ulti-criteria  analysis can be he lpfu l for analysing 
com plex, m ulti-d isc ip lina ry  strategies w ith  m u ltip le  
criteria and objectives. M ulti-criteria  analysis does 
no t reguire th a t all alternatives be placed in m on 
etary terms, b u t can incorporate bo th  guan tita tive  
and gualitative data, inc lud ing value judgem ents. 
W hile there are m any d iffe rent types o f decision- 
analysis too ls to  select from , po licy makers should 
be sure the  analysis w ill provide a reasonable com 
parison o f the  short- and long -te rm  costs o f p ro
tection , accom m odation  and retreat, and account 
for the m ajor socio-econom ic and environm enta l 
costs o f the  alternatives as well (Box 8.2).

Table 8.2 presents a general com parison o f som e o f 
the  diverse considerations for selecting measures.

The need fo r public involvem ent
Public op in ion  and w ide stakeholder invo lvem ent 
are also valuable too ls th a t should be included in 
the  decision-m aking process as the  risk m anage
m en t strategy is developed (Box 8.2). Public sup
p o rt and buy-in is im p o rtan t fo r the  success o f the 
strategy as it is for ICAM in general (Section 2). To 
engage the public, po licy makers should educate 
them  abou t the  risks, benefits and drawbacks o f 
various m anagem ent options. The pub lic  should 
have the o p p o rtu n ity  to  provide in pu t on the  level 
o f risk th a t is acceptable or needs to  be managed.

Sum m ary of m itigation strategy
After fo llow ing the process and weighing the con
siderations presented in this Section, policy makers 
should have a basic understanding to develop a risk 
m anagem ent strategy tha t is appropriate for their 
com m unity  and supported by the public. Selecting 
m itigation responses is not easy and involves a careful 
analysis o f the pros and cons o f each measure. How
ever, décision-support tools, such as those described 
above, together w ith  public feedback can help deter-

Table 8,2. Summary o f  socio-economic, environm ental and institu tiona l/po litica l trade-offs o f  various hazard 
m anagem ent approaches. A fuller discussion o f these trade-offs is included at Annex 2.

M anagem ent strategy

Trade-off

Socio-economic Environmental In s titu tiona l/po litica l

Protection measures

Closure gates, surge barriers/ storm gates • • • • •
Dykes (levees)/ revetments/seawalls • • • • •
Groynes • • •
Artificial headlands • •
Cliff stabilisation measures • • • •
Offshore breakwaters/reefs • •
Offshore tsunami breakwaters

Beach nourishment

Enhance natural protective features •
Accom m odation measures

Shelters, warning systems and evacuation routes

Building codes

Drainage regulations/policies

Zoning controls •
Post-disaster redevelopment regulations •
Tax and insurance incentives/disincentives •
Retreat measures

Building codes

Construction setbacks

Transfer of development rights • • •
Targeted buyouts/relocation assistance • •
Zoning controls •
Tax and insurance incentives/disincentives •
Restricting capital improvements

Easements, rolling easements

Post-disaster reconstruction prohibition •

Socio-economic: •  (high cost); •  (moderate cost); •  (low cost). If two different colours are used then costs are variable.
Environmental: •  (significant negative environmental impacts); •  (moderate negative environmental impacts, may be balanced with positive benefits); 
•  (positive environmental impacts).
Institutional/political: •  (significant institutional/political hurdles); •  (moderate institutional/political hurdles); •  (minimal institutional/political hurdles). 
Note: Socio-economic and environmental impacts as well as institutional and political hurdles are very site- and project-specific. The information presented 
in this table is intended to be only a very rough guide to  policy makers. When making specific decisions about which management approaches to use, 
careful consideration needs to be paid to  site-specific conditions.
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mine the approach and measures tha t would be most 
effective, given the com m unity's hazard vulnerabilities 
and risks, as well as their values and resources.

Finally, coastal hazard m anagem ent, as w ith  any 
part o f the  ICAM process (see Section 2) is an itera
tive procedure. To be effective, it should include 
a robust m on ito ring  and evaluation com p on en t 
to  assess the  effectiveness o f the  chosen strategy 
and measures. Policy makers and coastal mangers 
should be prepared to  ad just the ir hazard m anage
m en t strategy over tim e  to  make im provem ents 
w here needed and to  be responsive to  o ther socio
econom ic, environm enta l, and politica l pressures 
and changes tha t may occur.

8 .4  CHALLENGES AND OUTPUTS 

Challenges
Key challenges to  the  strategic risk m itiga tion  phase 
can include the  fo llow ing :
• overcom ing short-te rm  views and concerns to  

develop a longer-term  perspective;
• avo id ing over-focus on adapta tion for single sec

tors rather than an ICAM approach w h ich  con
siders all coastal activities and the ir trade-offs;

• considering all the  potentia l op tions w hen 
retreat is o ften seen in negative term s by coastal 
residents, at least in itially;

• assessing full cost (direct and external such as 
socio-econom ic and environm enta l impacts, 
etc.) o f the  m anagem ent op tions in order to  
select a suite o f op tions th a t w ou ld  have the 
m axim um  b e n e fitfo r  the  m in im um  cost; and

• assigning m anagem ent responsibilities and 
assuring adeguate fund ing.

O utputsand  results
Key ou tpu ts  and results associated w ith  th is strate
gic risk m itiga tion  may include:
• a po rtfo lio  o f hazard m itiga tion  measures w h ich  

are consistent w ith  ICAM objectives and, collec
tively, can m anage coastal hazards; and

• a long-te rm  plan for the ir im p lem enta tion , 
inc lud ing  a m on ito ring  program m e to  assess the 
effectiveness o f the  selected strategy.

8 .5  DATA REQUIREMENTS AND  
INFORMATION SOURCES
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m ent options;
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ACRONYMS AND ABBREVIATIONS

BOM Australian Bureau o f Meteorology

CARIBE-EWS Tsunami and Other Coastal Hazards W arning System
for the Caribbean and Adjacent Regions

DART™ Deep Ocean Assessment and Reporting of Tsunami™

DLR German Aerospace Center

EMWIN Emergency Managers W eather Inform ation Network

ENSO El Nmo-Southern Oscillation

EOC Emergency Operations Centre

ET Extra-tropical storm (or cyclone)

EU European Union

EUMETSAT European Organisation fo r the Exploitation of

Meteorological Satellites

EWS Early W arning System

GDACS Global Disaster A lert and Coordination System

GEONETCast Is a Task In the GEO W ork Plan and Is led by EUMETSAT,
the United States, China and the W M O

GFZ GFZ German Research Centre for Geosciences (Geo-Forschungs
Zentrum), Potsdam

GHDB Global Historical Tsunami Data Base

GIS Geographical Inform ation System

GITEWS German-lndoneslan Tsunami Early W arning System

GLOSS Global Sea Level Observing System

GPS Global Positioning System

GTS Global Telecommunications System

FIAT Highest Astronomical tide

HWM High W ater Mark

SMS Short Message Service

ICAM Integrated Coastal Area Management

ICM Integrated Coastal Management

ICMP Integrated Coastal Master Plan

ICZM Integrated Coastal Zone Management

IOC Intergovernmental Oceanographic Commission

IOTWS Indian Ocean Tsunami W arning and M itigation System

IPCC Intergovernmental Panel on Climate Change

ISDR United Nations International Strategy fo r Disaster Relief

ITIC International Tsunami Inform ation Centre

JCOMM Joint WMO/IOC Technical Commission fo r Oceanography and

Marine Meteorology 

JMA Japanese Meteorological Agency

JRC Joint Research Centre, European Commission

LIDAR Light Detection and Ranging ground/seabed survey technique

MS Member States (of the IOC)

MHW  Mean High Water

MSL Mean Sea Level

NAO North Atlantic Oscillation

NEAMTWS Tsunami Early W arning and M itigation System In the North
Eastern Atlantic, Mediterranean and Connected Seas

NGDC United States National Geophysical Data Center

NGO Non-Governmental Organisation

NOAA National Oceanic and Atmospheric Adm inistration
(United States Government)

NWC National W arning Centre

PIC Pacific Island Countries
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PMEL Pacific Marine Environmental Laboratory (NOAA)

PPEW Platform for the Promotion o f Early W arning

PSMSL Permanent Service for Mean Sea level

PTWC Pacific Tsunami W arning Center

PTWS Pacific Tsunami W arning and M itigation System

RAN ET Radio and Internet for the Communication o f Hydro

RTWS Regional Tsunami W arning System

SME Small and medium-sized enterprises

SOPs Standard Operating Procedures

SWH Significant wave height

TC Tropical cyclone

TM Trade Mark

TOWS Tsunami and Other Marine Hazards W arning System

TTT Tsunami travel time
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RSMC Regional Specialized Meteorological Centre

RTWS Regional Tsunami W arning System

RWC Regional Watch Centre

UNESCO United Nations Educational, Scientific and Cultural Organisation

UNFCCC United Nations Framework Convention on Climate Change

UN/ISDR see ISDR

UNU-EEIS United Nations University, Institute fo r Environment and Eluman
Security

U.S.A. United States o f America

VOS Voluntary Observing Ship Scheme

WDC W orld Data Center

WIS W M O  Inform ation System

W M O  W orld Meteorological Organisation



HAZARD AWARENESS AND RISK MITIGATION IN ICAM

GLOSSARY

Accommodation: The continued use of land at risk, 
w ithou t attempting to prevent land from being 
damaged by the natural event. This option In
cludes erecting emergency flood shelters, elevat
ing buildings on piles, converting agriculture to 
fish farm ing or growing flood/salt tolerant crops. 
(Bljlsma et al., 1996)

Adaptation: Adjustment in natural or human systems 
in response to actual or expected [climatic] stimuli 
or their effects, which moderates harm or exploits 
beneficial opportunities. (IPCC, 2001). See also 
definition o f Mitigation, below.

Climate change: Climate change refers to a change 
in the state o f the climate that can be identified 
(e.g., by using statistical tests) by changes in the 
mean and/or the variability of Its properties, and 
that persists for an extended period, typically de
cades or longer. Climate change may be due to 
natural internal processes or external forcing, or to 
persistent anthropogenic changes in the composi
tion of the atmosphere or In land use. Note that 
the Framework Convention on Climate Change 
(UNFCCC), in its Article 1, defines climate change 
as: 'a change of climate which Is attributed directly 
or indirectly to human activity that alters the com
position of the global atmosphere and which is 
in addition to natural climate variability observed 
over comparable time periods'. The UNFCCC thus 
makes a distinction between climate change attrib
utable to human activities altering the atmospheric 
composition, and climate variability attributable to 
natural causes. (IPCC, 2007)

Coping capacity: The means by which people or orga
nizations use available resources and abilities to 
face adverse consequences tha t could lead to a 
coastal disaster. (UN/ISDR, 2004)

Creeping hazard: A  hazard tha t impacts progressively 
over the long-term. (Bogardi, 2006)

Early warning: The provision o f timely and effective 
information, through identified Institutions, that 
allows individuals exposed to a hazard to avoid 
or reduce their risk and prepare for an effective 
response. (UN/ISDR, 2004)

Ecosystem: A system of living organisms interacting 
w ith each other and their physical environment. 
The boundaries of w hat could be called an eco
system are somewhat arbitrary, depending on the 
focus of interest or study. Thus, the extent of an 
ecosystem may range from very small spatial scales 
to, ultimately, the entire Earth. (IPCC, 2007) 

Emergency management: The organization and man
agement o f resources and responsibilities for 
dealing w ith  all aspects of emergencies, in partic
ularly preparedness, response and rehabilitation. 
(UN/ISDR, 2004)

Exposure: Elements at risk, an inventory of those 
people or artefacts tha t are exposed to a hazard. 
(UNDP-BCPR, 2004)

Hazard: A  potentially damaging physical event or 
phenomenon that may cause loss of life or injury, 
property damage, social and economic disruption 
or environmental degradation. A  hazard is char
acterized by Its location, intensity, frequency and 
probability. (UN/ISDR, 2004)

Inundation: The state of flooding of coastal land re
sulting from  the impact of a tsunami, storm surge 
or other coastal flood hazard. Quantitatively it is 
the horizontal distance attained by flooding, usu
ally measured perpendicularly to the shoreline. 

Inundation line: The line marking the maximum hori
zontal inland penetration of a tsunami, storm 
surge or other coastal flood hazard from  the 
shoreline.

Joint probability: The likelihood o f tw o  or more haz
ard events impacting the same coastal area simul
taneously.

Land use and land-use change: Land use refers to the 
total of arrangements, activities and inputs un
dertaken In a certain land cover type (a set o f hu
man actions). The term land use is also used in 
the sense o f the social and economic purposes 
for which land is managed (e.g., grazing, timber 
extraction and conservation). Land-use change 
refers to a change in the use or management of 
land by humans, which may lead to a change in 
land cover. (IPCC, 2007)

Management unit: The geographical area under con
sideration for the purposes of risk assessment and 
mitigation. This may be national In scale, or at the 
district or local levels.

Mitigation: Structural and non-structural measures 
undertaken to lim it the adverse impact of natural 
hazards. (UN/ISDR, 2004). See also Adaptation. 

Non-structural measures: Policies, regulations and 
plans tha t promote good coastal hazard manage
ment practices to minimize coastal hazards risks 

Preparedness: Activities and measures taken In ad
vance to ensure effective response to the Impact 
of hazards, Including the issuance o f timely and 
effective early warnings and the temporary evac
uation of people and property from threatened 
locations. (UN/ISDR, 2004)

Probability: The likelihood o f a defined hazard event 
impacting a coastal area.

Protection: Involves the use of natural or artificial 
measures to protect landwards development 
and/or attem pt to hold the shoreline in its exist
ing position In an effort to reduce hazard Impacts. 
(Bljlsma et al., 1996)
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Public awareness: The processes of inform ing the 
general population, Increasing levels o f con
sciousness about risks and how people can act to 
reduce their exposure to hazards. This is particu
larly im portant for public officials In fulfilling their 
responsibilities to save lives and property in the 
event of a disaster.

Rapid-onset hazard: A hazard that Impacts over a 
short tlme-scale (mlnutes-hours), sometimes cat
astrophically. (see Bogardi, 2006)

Relative sea level: Sea level measured by a tide gauge 
w ith  respect to  the land upon which it is situated. 
Mean sea level is normally defined as the average 
relative sea level over a period, such as a month 
or a year, long enough to average out transients 
such as waves and tides. (IPCC, 2007)

Resilience: The capacity of a system, community or 
society potentially exposed to hazards to  adapt by 
resisting or changing In order to reach and main
tain an acceptable level of functioning and struc
ture. This is determined by the degree to which 
the social system is capable of organizing Itself to 
increase its capacity for learning from  past disas
ters for better future protection and to improve 
risk reduction measures. (UN/ISDR, 2004)

Retreat: Abandonment o f coastal area and the land
ward shift of ecosystems. This choice can be m o
tivated by the nature of assets to be protected. 
(Bijlsma et al., 1996)

Return period: The average time between occurrences 
o f a defined event. (IPCC, 2007)

Risk: The probability o f harmful consequences, or 
expected losses (deaths, injuries, property, liveli
hoods, economic activity disrupted or environ
ment damaged) resulting from interactions 
between hazards and vulnerable conditions. (UN/ 
ISDR, 2004)

Riskassessment: A  methodology to determine the na
ture and extent of risk by analysing potential haz

ards and evaluating existing conditions of vulner
ability tha t could pose a potential threat or harm 
to people, property, livelihoods and the environ
ment on which they depend. (UN/ISDR, 2004) 

Run-up: The difference between the elevation of 
maximum tsunami penetration (Inundation line) 
and the sea level at the time of the tsunami. 

Scenario: A plausible and often simplified description 
of how the future m ight develop, based on a co
herent and Internally consistent set of assump
tions about driving forces and key relationships. 
Scenarios may be derived from  projections, but 
are often based on additional information from 
other sources, sometimes combined w ith  a narra
tive storyline. (IPCC, 2007)

Sea-level change: Sea level can change, both glob
ally and locally, due to (i) changes in the shape 
of the ocean basins, (ii) changes in the total mass 
of water and (iii) changes in water density. (IPCC,
2007)

Sediment cell: In the context of a strategic approach 
to coastal management, a length o f coastline in 
which interruptions to the movement o f sand or 
shingle along the beaches or nearshore seabed 
do not significantly affect beaches In the adjacent 
lengths o f coastline. (Simm et al., 1996) 

Significant wave height: The average height o f the 
one-third highest waves of a given wave group. 
Also called the "characteristic wave height" (In
tergovernmental Oceanographic Commission.
2008)

Storm surge: The temporary Increase, at a particular 
locality, in the height of the sea due to extreme 
meteorological conditions (low atmospheric pres
sure and/or strong winds). The storm surge Is 
defined as being the excess above the level ex
pected from  the tidal variation alone at that time 
and place. (IPCC, 2007)

Structural measures: Structural measures refer to any 
physical construction to reduce or avoid possible 
impacts o f hazards, which include engineering 
measures and construction o f hazard-resistant 
and protective structures and Infrastructure. (UN/ 
ISDR, 2004)

Susceptibility: The predisposition to be affected by 
physical or socioeconomic change, including 
damage or loss. In these guidelines, "susceptibil
ity" is taken to be broadly synonymous w ith  "vu l
nerability".

Thermal expansion: In connection w ith  sea level, this 
refers to the increase in volume (and decrease 
In density) which results from  warm ing water. A 
warm ing o f the ocean leads to an expansion of 
the ocean volume and hence an increase in sea 
level. (IPCC, 2007)

Tide gauge: A  device at a coastal location (and some 
deep-sea locations) tha t continuously measures 
the level of the sea w ith  respect to the adjacent 
land. Time averaging of the sea level so recorded 
gives the observed secular changes of the relative 
sea level. (IPCC, 2007)

Uncertainty: An expression o f the degree to which a 
value (e.g., the future state of the climate system) 
is unknown. Uncertainty can result from  lack of 
information or from  disagreement about w hat 
is known or even knowable. It may have many 
types o f sources, from quantifiable errors in the 
data to ambiguously defined concepts or term i
nology, or uncertain projections of human behav
iour. (IPCC, 2007)

Vulnerability: The conditions determined by physical, 
social, economic, and environmental factors or 
processes, which increase the susceptibility o f a 
community to the impact o f hazards. (UN/ISDR, 
2004)
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ANNEXES 
Annex 1

Table: Descriptions, including effectiveness, o f  the selected strategic risk m anagem ent measures listed in Table 8.2, includ ing links to more detailed in fo rm ation  (see Section 8.2)

M a n a g e m e n t  s tra teg ies D esc rip tio n s  an d  e ffe c tiven ess  o f m easures E xp erience
(years)

Protection  m easures

Closure gates, surge 
barriers/ storm  gates

M oveable or fixed barriers or gates w h ich  are always closed w hen an extrem e w ater level Is forecast to  prevent 
floo d ing  (e.g., the  fixed 32 km -long A fslu itd ijk  w h ich  separates the  Ijsselmeer from  the W adden Sea In the  Nether
lands since 1932, or the  m oveable Thames Barrier com p le ted In the  1980s). For fixed barriers, w ater Is discharged 
th rou gh  or pum ped over the barrier.

75

Dykes (levees)/ revet
m ent/seawall

A rtific ia l walls (vertical or sloping) used to  p ro tec t the  land or structures behind from  the effects o f extrem e water 
levels and /o r waves. In the  past, these have been the m ost w ide ly  used op tion  fo r coastal and flood  defence. High 
wave reflection can lead to  scour at base, w h ich  can underm ine Its structural stability. O ften need to  place riprap 
at toe to  avoid scour at base, or com b ine  w ith  o ther beach enhancing measures. In extensive coastal low lands 
landward o f the  defences (e.g., the  Netherlands), w ater m anagem ent w ill be critical to  avoid floo d ing  from  run-off, 
p rec ip ita tion  and high w ater tables.

100+

Groynes Structures placed perpendicu lar to  the  shoreline to  In tercept and trap longshore sed im ent transport and locally 
w iden  the  beach and /o r contro l coastal erosion. O ften m any groynes are placed at regular Intervals along the coast. 
Com paratively easy to  construc t and the ir effectiveness may be Increased by Initia lly adop ting  artificial nourishm ent 
as regulred to  reduce exporting  the  erosion to  ad jacent coasts.

100+

Artific ia l headlands Rock structures w h ich  p ro tec t strategic po in ts or lengths o f an erod ing coast. The Intervening stretches con tinue 
to  erode, progressively (over m any decades or longer) fo rm ing  an Indented coast, and betw een tw o  headlands, an 
artificial bay. Tem porary headlands can be bu ilt w ith  gabions or sand bags, b u t life expectancy Is sho rt (typica lly 1-5 
years). Artificia l headlands and the  shoreline response remain a research and deve lopm ent topic.

40 (Inadver
te n tly  100+)

C liff stabilisation 
measures

Even If the  base o f a c liff Is stabilised, the  c liff above may con tinue  to  degrade If It Is too  steep, w h ich  Is the  normal 
case. Hence a range o f geotechnlcal measures can be used to  stabilise the  cliff, Includ ing low ering w ater tables, 
grading slopes, vegetation. A t the  m ost simple, the measures'Drainage regu la tions/po lic ies 'under A ccom m oda tion  
be low  w o u ld  be used.

100+

Offshore breakwaters/ 
reefs

Fixed, floa ting  or shallow  subm erged structures generally b u ilt parallel to  and at a sho rt distance from  the shore. 
They dissipate, refract and d iffract wave energy and change bo th  the  longshore and onshore/offshore sed im ent 
transport, resulting In sand accum ulation landward o f the  breakwater. In general offshore breakwaters p rom ote  the 
deve lopm en t o f w ider (m ore protective) beaches. Can be com b ined  w ith  beach nourishm en t to  reduce "exporting" 
the  erosion to  ad jacent coasts.

50

Offshore tsunam i break
waters

Fixed, floa ting  or shallow  subm erged structures designed to  cause tsunam is to  break and dissipate and reduce the ir 
energy and run-up.

77

Beach nourishm en t A dd ition  o f beach material (usually sand) to  w iden  an eroding coast. Raises the  beach to  a pre-storm  or desired 
profile. Som etim es uses con tro lling  structures (e.g., groynes, breakwaters, etc). Regular renourishm ent Is regulred to 
m ainta in the  desired pro file  and regular m on ito ring  Is regulred, especially after storms. Sand sources fo r nourish
m en t should be carefu lly selected to  m atch existing grain size and com position. The new  beach usually provides 
m u ltip le  benefits (e.g., recreational and access services.)

50+
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M a n a g e m e n t s tra teg ies D escrip tio n s  a n d  e ffe c tiv e n es s  o f  m easures E xp erience
(years)

Enhance natural pro tec
tive features

Protection and restoration o f existing dune systems, coastal wetlands, offshore sand banks, coral reefs, and riparian 
vegetation, or others natural features. These natural systems provide pro tec tion  from  hazards by dissipating wave 
energy, storm  surge and flood  waters. Typically m ost effective In low -energy environm ents. In high energy regimes, 
may need to  be coupled w ith  o ther p ro tection  measures to  maxim ize effectiveness.

50

A cco m m o d atio n  m easures

Shelters, w arn ing systems 
and evacuation routes

Building elevated structures or refuges, p rov id ing  effective w arn ing systems and establishing evacuation routes can 
he lp no tify  and p ro tec t coastal popu la tions from  Im pending coastal hazards.

50

Building codes Regulre tha t bu ild ings In hazard areas are flood  and w ind  proof, and designed to  m in im iz ing  Im pacts to  other 
structures If dam aged. C om m only  Involves elevating bu ild ings above m ost flood  and wave Impacts as well as o ther 
measures. Can be com bined w ith  bu ild ing  codes for retreat (see below).

40+

Drainage regu la tions/ 
policies

Regulations or policies for bu ild ings and Irrigation on to p  o f soft eroding cliffs and bluffs w h ich  m in im ise raising 
w ater tables and hence low ering  the  risk o f c liff slope failure. M ost effective on cliffs /b lu ffs  w ith  slow  m arine erosion 
at toe.

40

Zoning contro ls A dop tion  o f zoning or o ther land use ordinances to  lim it or restrict the  type, density, size, location and construction 
or redeve lopm ent o f structures w ith in  Identified hazard areas. This can p rom ote  accom m odation  and /o r retreat 
policies and w ill o ften be linked to  o ther measures such as bu ild ing  codes. Can be applied reg ionally or at the  lit
toral cell scale to  p rom ote  strateg ic responses, Including ta rge ting  the m ost vulnerable areas. Existing bu ild ings are 
no rm a lly 'g rand fa the red 'In to  the  scheme.

40

Post-dlsaster redevelop
m en t regulations

Defines m in im um  standards for repair or reconstruction o f structures dam aged by m arine-re lated hazards tha t 
reduce the  vu lne rab ility  or exposure to  these hazards In the future. Includes regulrem ents to  elevate and /o r flood  
p ro o f bu ild ings, etc, linking to  bu ild ing  codes above. Encourages action for those bu ild ings w h ich  are dem onstrab ly  
vulnerable.

40

Tax and Insurance Incen
tives / d isincentives

Can be used to  encourage m ore appropria te  or env ironm enta lly  sound hazard m anagem ent practices. For example, 
a lower tax rate or reduced Insurance p rem ium  can be applied to  parcels w ith in  a hazard area to  reward landow n
ers fo r Im p lem en ting  approved m itiga tion  measures such as re tro fitting  structures above w ha t Is regulred by law. 
Tax breaks can also be given to  p rope rty  owners for dona ting  the ir land for conservation purposes or for adding a 
conservation easem ent to  the ir p rope rty  to  lim it deve lopm ent, or establish bu ild ing  setback. A lternatively, m itiga 
tion  m ay be accelerated by rem oving tax credits w h ich  act as Incentives for unw anted behaviour— for exam ple 
e lim inating  tax w rite -o ffs  fo r capital losses due to  natural hazards for new  structures or m ajor additions to  existing 
structures In designated hlgh-hazard areas. Similarly, Insurance rates can be adjusted to  be tte r reflect the real haz
ard-related risks and thus po ten tia lly  discourage deve lopm en t In m ore hazardous areas.

(Favourable tax Incentives/d isincentives can sim ilarly p rom ote  A ccom m oda tion . For example, a lower tax rate can 
be applied to  parcels w ith in  a hazard area to  reward landowners fo r Im p lem en ting  bu ild ing  codes above w h a t Is 
regulred by law.)

40
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M a n a g e m e n t s tra teg ies D escrip tio n s  a n d  e ffe c tiv e n es s  o f m easures E xp erience
(years)

R etreat m easures

Building codes To prom ote buildings designed to be movable. Can be com bined w ith  build ing codes for accom m odation (see above). 40+

Construction setbacks Defined hazard zones where new developm ent or redevelopm ent is prohibited w ith in  a certain distance o f the shore
line. In areas subject to shoreline retreat, any setback has a definable 'life' usually related to the design life o f the property. 
The setback distance from a baseline feature (e.g. dune crest, line o f vegetation, MHW) can be fixed or variable depen
dent on the rates o f erosion or encroachment o f water levels, the timescale for which the setback is designed and the 
size or type o f structures that are to be built. W hile fixed distance setbacks are easier to im plem ent, they may provide 
a buffer zone that is too narrow or too wide, depending on the erosion rate. Variable distance setbacks based on the 
annual erosion rate are more effective but are more d ifficu lt to administer due to additional data needs for calculating 
and regularly updating erosion rates and baselines. In the USA setbacks are often 30 or 50 times the average annual 
erosion rate, w h ile in Australia they larger, often being 100 times the annual erosion rate w ith  an additional allowance for 
climate change.

40

Transfer o f developm ent 
rights

A voluntary, market-based mechanism which allows specific developm ent rights to the land w ith in  a high-risk hazard 
area (also referred to as a "sending"area) to be transferred to other less hazardous land (w ithin a "receiving"area). As a 
result, developm ent w ith in  the sending area is restricted w h ile developm ent tha t exceeds the zoning limits w ith in  the 
receiving area is allowed. This directs developm ent away from  high-risk hazard zones. Most effective where the shoreline 
is relatively undeveloped, and where a viable receiving area is available.

40

Targeted buyouts/ 
relocation assistance

Acguisition o f fee simple interests in land to conserve natural features and prevent developm ent o f identified hazard 
area or providing financial assistance to help relocate structures away from  high hazards areas. Targeted buyouts could 
be for already developed land where the structure is later removed, or for undeveloped land to present developm ent in 
high risk areas.

40

Zoning controls As above under'Accom m odation", but w ith  a focus on avoiding development. 40

Tax and insurance incen
tives/d isincentives

As above under'Accom m odation) but w ith  a focus on encouraging planned retreat, such as tax breaks for placing con
servation easements on land or donating property for conservation purposes.

40

Restricting capital 
improvements

Prohibits or restricts capital improvements such as road enhancements, sewer, water or electricity expansion into high 
hazards areas.

40

Easements, rolling 
easements

Public acguisition o f less than fee simple interests in land though a voluntary (or mandatory) legal agreement between 
a landowner and a land trust or governm ent agency. The "hazards easement" restricts developm ent in some manner in 
an identified hazard-prone area while leaving the property in private ownership. Rolling easements are a special type of 
easement placed along the shoreline to prevent property owners from  holding back the sea but allow any other type of 
use and activity on the land. As the sea advances, the public easement automatically moves or"rolls"landward.

10

Post-disaster reconstruc
tion prohibition

Prohibits reconstruction or repair o f structures tha t have been significantly damaged (typically > 50%) during a hazard 
event. Instead, structures must be demolished w ith in  a certain tim e period.

40
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Annex 2

Table: Illustrative descriptions o f  m ajor economic, environm ental and  po litica l trade-offs fo r selected strategic m anagem ent measures 
(see Section 8.3 and Table 8.2). A listing o f  in fo rm ation  sources follows.

MANAGEMENT
STRATEGIES

TRADE OFFS

Socio-economic Environm ental Institutional/political

P ro te c tio n  m easures

Closure gates, surge barriers/ 
storm gates

• The most costly Intervention In hazard m itigation -  the MOSES bar
riers In Venice are costed at €3 billion, while upgrade o f theThames 
Barrier has been crudely costed In billions o f pounds Sterling.
But In wealthy locations like London, It can be the most effective 

solution
Barriers and gates are usually designed to allow continued naviga

tion.

• Closure has major environ
mental conseguences on 
estuary hydrography and 
salinity;

• Moveable gates lim it these 
Impacts

• Always regulres considerable engi
neering studies to design and Install 
well.
In addition to the hardware, effec

tive forecast and warning systems 
are regulred which regulres signifi
cant Institutional capacity.

Dykes (levees)/revetments/ 
seawalls

• Costs can be significant. Costs can vary greatly from  an Individual 
small seawall (€270/lin metre) to a large seawall to protect a road at 
costs up to (€11,200/1 in metre).
In high-energy areas, regulres additional riprap (€135-180/1 in 

metre) to protect toe o f structures.
Prevents beach from m igrating Inland so loose beach and beach- 

dependent tourism revenues as sea level rises and beach forward of 
structure continues to erode.

• Significant shoreline hardening can be aesthetically unpleaslng, 
especially for a tourism -dependent econom y that values natural 
shorelines.

• environmental conse
guences o f such shoreline 
hardening methods.

• Often regulres considerable engi
neering studies to design and Install 
well.
In some areas, beginning to see 

desire to move away from  shoreline 
hardening due to environmental 
Impacts.

Groynes • Groynes are moderately expensive (roughly € 4,500/1 in m) to install 
and regulre additional maintenance.

• Can Impair public access along the shore or Interfere w ith  near
shore navigation by small watercraft.

Interrupts natural sand 
m ovem ent, causing local 
scour along the groyne and 
Increasing dow ndrlft ero
sion.

• A mature technology tha t Is well 
understood, but engineering studies 
are regulred before Implementation.

Artificial headlands • Significantly cheaper than protecting an entire frontage, but expe
rience suggests that costs are ongoing as the headland w ill regulre 
substantial maintenance and extension as the headland and the 
neighbouring coasts evolve.

• May add new hard rock 
environments In otherwise 
soft areas.

• Technology still poorly understood, 
especially long-term  performance 
under sea-level rise.
Regulres considerable engineering 

studies to design and Install.
C liff stabilization measures Usually highly costly, and the benefits are usually fairly localised.

• Costs often rise compared to first estimates due to 'geological com 
plexity'.

Degrades the natural cliff 
environment, but this 
w ould happen due to the 
associated seawalls anyway.

Regulres careful engineering design 
and Implementation.
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MANAGEMENT
STRATEGIES

TRADE OFFS

Socio-economic Environm ental Institutional/political

Offshore breakwaters/reefs • Can be fairly large structures tha t are expensive and difficu lt to 
construct in near shore waters.

• Can cause down drift 
erosion

• Can displace/degrade 
near shore habitat where 
Installed but can also create 
new artificial reef habitat.

• May reguire considerable engineer
ing studies to design and install well.

Offshore tsunami breakwa
ters

Expensive structures able to w ithstand extreme wave interaction 
and usually loaded offshore at strategic places such as offshore of 
river mouths or heavily populated cities.

• May lead to changes In 
nearshore circulation, cur
rents and coastal processes 
the impacts o f which have 
to be investigated by m od
elling.

• Should be carefully designed and 
where possible Integrated w ith 
existing developm ent works such as 
coast protection and harbour works.

Beach nourishm ent Initial costs can be costly (roughly €3- €4 /m 3 o f sand or €675 to 
€4,000/lin  m in US) and reguires regular sand renourishment 
(sometimes every 5-10 years or less depending on storm events). 
However, compared to hard structures, costs are spread more in 
time.
Flexible approach as beaches adjust naturally to changing condi

tions.
Losses o f sand along the coast and benefit neighbouring beaches.

• Costs will likely rise as near shore sand sources disappear. Equally, 
may not be a practical or economical op tion for many island 
nations because sand often Is a scarce resource (However, trade In 
sand Is possible -  such as existing trade from  Guyana to the eastern 
Caribbean).
Renourished beaches provide recreational amenities tha t can boost 

tourism.

• Preserves beach habitat.
• Dredging bo ttom  sedi

ments to place on beach 
can disrupt fish, shellfish, 
and benthlc populations 
from  borrow site and 
increase sedimentation In 
water column, Impacting 
nearby coral reefs, etc.

• Placing fill on beach can 
disrupt beach and benthic 
habitats (bird and sea turtle  
nesting, etc.), especially if 
sand grain slze/composl- 
tlon doesn't match existing 
beach.

• Will regulre considerable engineer
ing studies to design and Install. 
Determ ining who should pay for 

renourishment can be contentious 
depending on w ho is the perceived 
beneficiary (individual property 
owners, tourist hotels, or the general 
public).
Regular m onitoring Is essential.
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Enhance natural protective 
features

• Compared to hard stabilization structures, can be a relatively low 
cost for providing effective m itigation o f hazards. Restoration 
more costly then preserving existing features and can range from 
m oderately expensive (€225/1 in metre) for low  energy systems to 
expensive (€2,250/lin metre) for high-energy systems.
Expertise for design and construction o f effective restoration proj

ects may be m oderately expensive.
• May result in lost developm ent revenue due to preservation of 

natural areas along the shore.
• May be d ifficu lt to find sources o f adeguate sediments for restora

tion
• Can enhance tourism and recreational economies.
• Aesthetically more appealing than hard stabilization structures.

Provides enhanced 
environmental benefits 
(e.g. habitat preservation/ 
creation, water guality 
improvements). 
Restoration projects 

involving fill may disrupt 
fish, shellfish and benthic 
populations.

Regulatory programs in place to 
ensure preservation o f critical natural 
areas can be administratively costly 
to im plem ent/enforce.

• May need above average expertise 
in reviewing and perm itting restora
tion projects for hazard m itigation.

• Vegetative plantings coupled w ith 
low rock sills or small groynes, often 
termed "living shorelines') are a 
relatively new technology so may be 
d ifficu lt to find skilled contractor.

Accom m odation measures

Shelters, warning systems 
and evacuation routes

Relatively low  cost and effective approach to m itigate hazards as 
demonstrated in diverse countries such as USA and Bangladesh.

• Shelters can be built individually, but other aspects o f these sys
tems reguire more collective action.

• Often reduces the need for 
shoreline stabilisation

Reguires the developm ent and 
im plem entation and coordination 
o f guite diverse technologies to be 
most effective,
Forecast and warning systems need 

to be centralised and supported by 
governm ent
Detailed responses to hazardous 

events can be delegated to more 
local levels.

Building codes • More stringent build ing codes may increase new housing costs 
but most studies show increase not more than 5%. Effect o f more 
stringent codes on property values less well known.
Retrofitting existing structures to raise them  above base flood 

levels and wave heights can be expensive for homeowners.

Elevating structures may 
allow natural features to 
migrate landward under 
houses.

• May be politically d ifficu lt to adopt 
due to concerns regarding addi
tional construction costs, and fears 
that new developm ent w ill move to 
other jurisdictions w ith  more lenient 
codes.

• Most easily im plem ented for new 
build.

Drainage regulations/poli
cies

Usually lower cost than cliff stabilisation. • M inimal effects • As it slows, but does not prevent 
erosion, need to expect continuing 
losses o f property.
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Zoning controls • When developm ent restricted In high hazard areas, may result in 
loss o f econom ic developm ent opportunities and or tax revenue for 
the com m unity.

• Avoids the need for shore
line stabilization structures, 
thus help maintain natural 
shoreline dynamics in envi
ronm entally sensitive areas.

Depending on the type o f zoning, 
may be resource intensive to adm in
ister.

• May need to have authorization and 
mechanism for local governm ent to 
establish overlay districts.
Requires good scientific data to 
Identify high-risk hazard areas and 
environm entally sensitive areas to 
determ ine zoning districts or overlay 
areas which may be d ifficu lt and/or 
costly to obtain.

• May be a more politically accept
able strategy compared to mea
sures tha t prevent all development, 
however land use controls may still 
be unpopular as a taking o f private 
property if they lim it the type or 
am ount o f developm ent allowed in 
specific areas.
Local governments may be 

opposed due to the perceived loss 
o f developm ent po tentia l/tax rev
enue.

Post-disaster reconstruction 
requirements

Reduces cost o f damages from next storm by requiring repaired/ 
rebuilt structures to meet stronger build ing codes, so it exploits the 
post-event renewal cycle effectively.

• Can allow natural shoreline 
features to migrate inland 
naturally.

Easier to administer than a retreat 
policy by post-disaster reconstruc
tion prohibition (see below), as 
people are allowed to use their 
property.

• Codes need to be in place before 
damaging events.
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Tax and insurance incen
tives/disincentives

• More accurately reflects cost o f developing in high-risk erosion areas.
• Tax Incentives may decrease local government's tax revenues.

• Can prom ote adoption of 
other hazard m itigation mea
sures that protect/preserve 
natural areas along the coast.

Need good scientific data to deter
mine where the greatest erosion risks 
are located which may be d ifficu lt to 
obtain.

• Can be difficu lt to enforce and ensure 
the property owner is still Im ple
m enting /m ainta in ing the practice to 
receive insurance/tax break.
Local governments may not support 
loss o f tax revenue through tax incen
tive programs.

Retreat measures

Building codes • Building codes may tha t prom ote buildings that are easily 
relocated.

• Relocation o f buildings 
allows natural processes to 
occur.

See "Accommodation" above.

Construction setbacks Help maintain lateral beach/shorefront access and recreational 
opportunities, m aintaining coastal tourism economies.

• May reduce or enhance property values.

• Setbacks often provide 
protection o f natural fea
tures (beaches and dunes), 
which also provide habitat 
and recreational values/ 
services.

• Can Increase water guality 
benefits by removing devel
opm ent and associated pol
lution from  water's edge.

• May be politically and legally dif
ficu lt to im plem ent because will 
restrict or prohib it some develop
ment, and may be viewed as a «tak
ing» If the setback causes property 
to be unbulldable, or significantly 
restricts the size o f the building. 
Regulre good scientific data to 

assess erosion rates and m aintain/ 
update baselines.

Transfer o f developm ent 
rights

• Administration, data analysis costs may be prohibitively expensive. Helps lim it developm ent 
In high risk areas, reduce 
developm ent Impacts on 
coastal ecosystems w ith in 
these areas.

• Concentrates developm ent 
In receiving areas, increas
ing environmental Impacts 
from  developm ent w ith in 
these areas.

Historically has been particularly 
d ifficu lt to put Into practice.
Is a complicated program to 

develop, reguiring technical and 
legal expertise to collect and analyse 
data to determ ine an acceptable 
developm ent guota for sending and 
receiving areas and to establish a 
trading system..
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Targeted buyouts/relocation 
assistance

• Can be more cost-effective over the long run compared to hard 
shoreline stabilization projects tha t have to be maintained and only 
prolong a structure's life, not protect It permanently.

• Due to high price o f coastal property, can be very costly to Im ple
ment, especially for large or m ulti-story structures and densely 
developed shorefronts where many structures would need to be 
moved.

• In highly developed areas it may be difficu lt to find undeveloped lot 
to place the relocated structure.

• Maintains natural shoreline 
processes and thus protects 
and maintains coastal eco
systems.

• Avoids the need for hard 
shoreline stabilization 
which can have additional 
negative environmental 
impacts (see Protection 
measures above).

• Due to high costs, can be d ifficu lt to 
develop political support for these 
types o f programs.

• Acguisition o f selected properties 
can offset "takings" claims on private 
property when other retreat policies 
implemented.

Zoning controls See "Accommodation"above. See "Accom modatlon" above. See "Accommodation" above.

Tax and insurance 
incentives/disincentives

See "Accommodation"above. See "Accom modatlon" above. See "Accommodation" above.

Restricting capital Improve
ments

• Can save jurisdictions considerable costs for construction, m ainte
nance and repair o f large-scale infrastructure in high-risk areas. 
Could potentia lly reduce econom ic activity in targeted areas,

• By reducing or prohibiting 
increase in capital im prove
ments, coastal develop
m ent densities w ill typically 
be lower, decreasing 
developm ent impacts on 
the coastal environment.

• May be politically unpopular w ith 
municipal governments, develop
m ent com m unity  and some indi
vidual landowners.

• May run Into some legal Issues 
regarding eguitable provision o f 
services.

• Sends out a clear message to bu ild
ing owners on the nature o f the 
hazards faced.
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Easements, rolling 
easements

• Generally less costly than ou trigh t land acgulsltlon/buy-outs, or 
structural stabilization approaches although given the cost o f many 
coastal properties, even easement costs can be substantial.

• Can be donated or sold. Incentive programs, such as lower prop
erty taxes, can be used to encourage landowners to place ease
ments on high-risk properties.

• The restrictions Included In the easement may decrease the resale 
value o f the property.

Depending on the lan
guage In the easement, can 
provide significant protec
tion to coastal 
habitat.

• The prohibition on protec
tion allows ecosystems to 
migrate Inland.

• Voluntary nature o f easements may 
make them  more appealing than 
other more regulatory approaches.

• May need to be com bined w ith  a 
strong education and outreach cam
paign to make sure property owners 
are aware o f erosion control ease
ments and understand their benefits 
to Increase the effectiveness.
Rolling easements may be politically 
more acceptable because they do 
not place restrictions on develop
ment.
Do not regulre as much scientific 

data as some other hazards manage
ment approaches.
Rolling easements have not been 

w idely used. Not clear how well they 
would stand up to legal challenge 
and easements may be difficu lt to 
enforce.

Post-dIsaster reconstruction 
prohibition

Reduces cost o f damages from next storm by not allowing bu ild
ings to be rebuilt In high hazard areas if they are damaged.

• Can allow natural shoreline 
features to migrate inland 
naturally.

• Sympathy for the victims o f hazards, 
desire to rebuild In the face o f disas
ter, and anti-regulatory concerns 
may make these politically d ifficu lt 
to pass.
Procedures to determ ine when 
no-build restrictions kick In (e.g., 
build ing damaged > 50%) may 
be cumbersome and difficu lt to 
administer properly, especially when 
pressured to allow affected property 
owners to rebuild quickly.
Loss o f developm ent potential 

could trigger legal Issues (takings).
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28 Nutrient Analysis In Tropical Marine Waters. 1993.24 pp. (English)
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31 HAB Publication Series:

Vol. 1: Amnesic Shellfish Poisoning. 1995.18 pp. (English)
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34 Environmental Design and Analysis In Marine Environmental Sampling. 1996.86 pp. (English)

35 lUGG/IOCTIme Project. Numerical M e thod ofTsunam l Simulation w ith  the  Leap-Frog Scheme. 1997.122 pp. (English)

36 M ethodolog ica l Guide to  Integrated Coastal Zone M anagem ent. 1997.47 pp. (French, English)

37 Post-Tsunami Survey Field Guide. First Edition. 1998.61 pp. (English, French, Spanish, Russian)

38 Guidelines for Vulnerability M apping o f Coastal Zones In the  Indian Ocean. 2000.40 pp. (French, English)

39 Manual on Aguatlc Cyanobacteria -  A photo  gu ide and a synopsis o f the ir toxico logy. 2006.106 pp. (English)

40 Guidelines for the  Study o f Shoreline Change In the  Western Indian Ocean Region. 2000.73 pp. (English)

41
Potentially Harmful Marine M icroalgae o f the  Western Indian Ocean
Microalgues po ten tie llem en t nuisibles de l'océan Indien occidental. 2001.104 pp. (English/French)

42
Des outils et des hom m es pour une gestion Intégrée des zones côtières - Guide m éthodolog lgue, vol.11/

Steps and Tools Towards Integrated Coastal Area M anagem ent -  M ethodologica l Guide, Vol. II. 2001.64 pp. (French, English; Spanish)

43 Black Sea Data M anagem ent Guide (Under preparation)
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45 A Reference Guide on the  Use o f Indicators for Integrated Coastal M anagem ent. 2003.127 pp. (English). ICAM Dossier No. 1
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French, Spanish, and Thai)

48 Visions for a Sea Change. Report o f the  first International w orkshop on marine spatial planning. 2007.83 pp. (English). ICAM Dossier No. 4

49 Tsunami preparedness. Inform ation gu ide for disaster planners. 2008. (English, French, Spanish)

50 Hazard Awareness and Risk M itiga tion In Integrated Coastal Area M anagem ent. 2009.141 pp. (English). ICAM Dossier No. 5
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