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Review

Characterization of Risks in Coastal Zones: 
A Review

Interest in sustainable development for the natural, socio-economic, and cultural 
resources o f  coastal zones is growing worldwide. On the other hand, the range o f  
threats to coastal zones increasingly posed by hydro-meteorological natural phenom­
ena has led to a trend in the analysis and assessment o f risks to these areas. The 
available literature dealing with coastal risk assessment is quite wide, focusing mainly 
on the risk evaluation o f coastal flooding and erosion resulting directly from the 
occurrence o f extreme natural events. The risk assessment methodologies are usually 
specific to the conditions and available data o f  each country, society or location, though 
most have evolved to assess the risk concept more precisely and rigorously. However, 
there are still very few studies that present feasible and effective methodologies, which 
lead to the effective integration o f risk analysis at all levels. In Mexico coastal risk 
analysis has barely begun despite our extensive coastline, which is highly vulnerable to 
the threat o f tropical cyclones. This paper aims to give a broad view o f the risk 
assessment methodologies which already exist, in order to provide a starting point 
for future efforts in Mexico and elsewhere.
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1 Introduction
A m o n g  the  m o s t im p o r ta n t and  dyn a m ic  n a tu ra l en v iro n m e n ts  
w o rld w id e , th e  a p p ro x im a te ly  440 000 k m  lo n g  coasta l area is one 

o f  a sm a ll g ro u p  o f  systems w here  several h u m a n , a n im a l, vegeta l 
and gé om orpho log ie  a c tiv itie s  in te ra c t. Its  in va lu a b le  landscape and 
eco log ica l richness m ake i t  a ve ry  desirab le  zone to  deve lop social, 
in d u s tr ia l,  and  re c re a tio n a l in fra s tru c tu re .

O n the  o th e r hand, coasta l zones are a ttacked  b y  d if fe re n t n a tu ra l 
phenom ena , m o s tly  fro m  h yd ro -m e teo ro lo g ica l o r ig in , such as 
waves, w in d , tides, and  ra in fa l l  w h ic h  can reach e x tra o rd in a ry  

m a gn itud es  d u r in g  the  occu rrence o f  events lik e  hu rrica n e s  and 
tsunam is . The d ire c t consequences o f  these ex trem e events are 
flo o d in g  (derived  fro m  m ean sea leve l rise) and beach e ros ion  (as 
a re s u lt o f  th e  increase in  c u r re n t ve loc itie s  and wave energy), a 
co m b in a tio n  o f  b o th  o f  these causes la n d  loss, dam age to  in fra s tru c ­

tu re  and n a tu ra l h a b ita ts , eco log ica l im ba lance , h e a lth  p rob lem s in  

the  p o p u la tio n  and in s ta b il i ty  in  econom ic a c tiv itie s  [1-4],
The p h enom ena  m e n tio n e d  above are c o m m o n ly  g ro u p e d  u n d e r 

th e  g e ne ric  te rm  o f  “ dangers” , and  th e  c o m b in a tio n  o f  these 
w ith  th e  v u ln e ra b il i ty  o f  th e  n a tu ra l a n d /o r a r t i f ic ia l  e lem ents  
fo u n d  a t th e  coast gives th e  r is k  o f  a specific  coasta l area. In  the

Correspondence: Dr. R. Silva Casarin, Ins titu to  de Ingeniería, Universidad 
Nacional Autónom a de México, C ircuito Escolar s/n, Edificio 5, Cub. 407, Cd. 
Universitaria, Coyoacan, 04510, México D.F., México 
E-mail: rsilvac@ii.unam.mx

A bbrevia tions: CBA, cost-benefit analysis; CVI, coastal vu ln e ra b ility  
index; GIS, geographical in fo rm a tio n  system; HDRI, hurricane disaster 
r isk  index; ICZM, Integrated Coastal Zone Management; M C A m u lt i-  
c rite ria  analysis; SPRC, source-pathway-receptor-consequences

la s t decade, th e  in te re s t sho w n  in  th e  assessment o f  risks  comes 

fro m  th e  evidence o f  an  increase in  th e  m a g n itu d e  o f  n a tu ra l 
dangers, added to  th e  e xp ans ion  o f  h u m a n  a c tiv it ie s  in  coasta l 
zones w h ic h  re su lts  in  a h ig h e r le ve l o f  r is k  [5-8], In  tu rn ,  w h ile  n o t 
a rg u in g  ag a in s t i t  n o r  a g ree in g  o n  th e  causes o f  i t ,  th e  fa c t th a t 
th e re  is a c h a n g in g  c lim a te  represents  an  increase in  th e  risks  to  
coasta l areas [9-14],

W ith  th is  scenario, the  concept o f  sus ta inab le  d e ve lopm en t fo r  

the  n a tu ra l, socio-econom ic and c u ltu ra l resources in  coasta l zones 
becomes m u ch  m o re  re le van t. To achieve th a t k in d  o f  deve lopm ent 
several recom m e nda tions  e x is t in  In te g ra te d  Coastal Zone 
M anagem en t (ICZM), w h ic h  de fine  the  p r in c ip le s  o f  sound  coastal 
p la n n in g  and m anagem ent. These in c lu d e  th e  need to  base p la n n in g  

o n  re lia b le  and shared know ledge , the  need to  take  a lo n g -te rm  and 

cross-sector perspective , to  p ro -ac tive ly  in vo lve  stakeholders and the  
need to  take  in to  acco un t b o th  the  te r re s tr ia l and  th e  m a rin e  

com ponents  o f  the  coasta l zone [15]. A n  im p o r ta n t co m p o n e n t o f  
ICZM p la n n in g  is th e  analysis and  assessment o f  coasta l risks, i.e., to  
cha racte rize  th e  b e hav io r and  p o te n tia l dam age caused b y  n a tu ra l 
phenom ena  in  th e  lo ng -te rm , in  o rd e r to  o p tim iz e  dec is ion -m aking , 
p la n n in g  and m a nage m en t in  areas susceptib le  to  hyd ro -m eteo ro ­
lo g ica l hazards and c lim a te  change. ICZM also discusses th e  design  o f  
a n tic ip a te d  m easures to  p re v ie w  possib le r isks, in  o rd e r to  m in im iz e  
loss and dam age and avo id  disasters.

The ava ilab le  l ite ra tu re  d e a lin g  w ith  analysis and e va lu a tio n  o f  
risks in  coasta l zones is q u ite  w ide ; i t  in c lud es  law s and re gu la tio ns , 
g u id e lines  and m anua ls , research p ro jec ts  and stud ies pu b lish e d  a t 
coasta l conferences and  w orkshops. Nevertheless, ve ry  fe w  stud ies 

re a lly  p resent feasib le and e ffec tive  m e thodo log ies  fo r  coasta l r is k  

assessment. Some o f  these stud ies can be fo u n d  in  Jha e t al. [4], 
Papathom a and D om iney-H owes [16], DEFRA/EA [17], W e r r it ty  e t al.
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[18], K azm ierczak and H and ley  [19], N arayan e t al. [20], FLOODsite 
[21], THESEUS [22],

The R epublic  o f  M exico  has one o f  the  longest coastlines re la tive  to  
its  to ta l surface area and th e  coasta l areas c o n ta in  ve ry  va luab le , 
d iverse eco log ica l systems. U n fo rtu n a te ly , ava ilab le  w o rks  and s tu d ­
ies o n  r is k  assessment fo r  o u r coasta l zones are s t i l l  ve ry  p o o rly  
developed, re s u lt in g  in  g rea t u n c e rta in ty  a b ou t th e  dangers and 

v u ln e ra b ility  o n  M ex ican  coasts.
For th is  reason, the  a im  o f  th e  w o rk  p resented here is to  give an 

ove rv iew  o f  e x is tin g  m e thodo log ies  fo r  r is k  assessment, in  o rde r 
to  p rov ide  a s ta r t in g  p o in t  fo r  fu tu re  w o rk  in  M exico and  o th e r 
coun tries .

2 The risk concept
In  the  specia lized  l ite ra tu re  th e  te rm  “ r is k ”  has been analyzed fro m  
ve ry  d iverse p o in ts  o f  v iew ; som etim es its  d e f in it io n  is sta ted b y  the  
needs o f  p a r t ic u la r  decis ion-m akers, w h ic h  has led  to  several m ean­

ings o f  r is k  a tte n d in g  d if fe re n t safety, econom ic , e n v iro n m e n ta l, 

and  socia l issues. Some exam ples o f  these are:
R isk invo lves an  “ exposure to  a chance in ju iy  o r loss”  [23], 

Expected losses (o f lives, persons in ju re d , p ro p e rty  dam aged, and 
econom ic  a c t iv ity  d is ru p ted ), due to  a p a r t ic u la r  hazard , fo r  a g iven  
area and re fe rence pe riod . Based o n  m a th e m a tic a l c a lcu la tions , r is k  
is the  p ro d u c t o f  hazard  and v u ln e ra b ili ty  [24],

R isk is a com p o u n d  m easure c o m b in in g  th e  p ro b a b ility  and  m ag­
n itu d e  o f  an  adverse e ffec t [25],

r is k  =  im p a c t o f  hazard  x  e lem ents a t r is k  x  v u ln e ra b ili ty  o f  

e lem ents a t r is k  [26],
r is k  =  hazard  x  v u ln e ra b ili ty  x  va lue  o f  th e  th re a te n e d  area/ 

preparedness [27].
R isk is the  a c tu a l exposure o f  so m e th in g  o f  h u m a n  va lue  to  a 

hazard, and  is o fte n  regarded as th e  c o m b in a tio n  o f  p ro b a b ility  and  
loss [28],

R isk m ig h t be de fined  s im p ly  as the  p ro b a b ility  o f  th e  occurrence 
o f  an  u ndes ire d  event [bu t] be b e tte r described as th e  p ro b a b ility  o f  a 

hazard  c o n tr ib u t in g  to  a p o te n tia l d isaster. Im p o rta n tly , i t  invo lves 
co n s id e ra tio n  o f  v u ln e ra b ili ty  to  the  hazard  [29],

R isk m eans the  expected n u m b e r o f  lives los t, persons in ju re d , 
dam age to  p ro p e rty , and  d is ru p tio n  o f  econom ic  a c t iv ity  due to  a 
p a r t ic u la r  n a tu ra l p henom enon , and is con seque n tly  th e  p ro d u c t o f  
specific  r is k  and  e lem ents a t r isk . T o ta l r is k  can be expressed in  
pse udo-m athem a tica l fo rm  as:

r is k  (to ta l) =  hazard  x  e lem ents a t r is k  x  v u ln e ra b ility  [30],
R isk is th e  c o m b in a tio n  o f  th e  p ro b a b ility  o f  occu rrence o f  h a rm  

and th e  seve rity  o f  th a t h a rm  [31].
R isk is th e  p ro b a b ility  o f  a loss, and  depends o n  th re e  e lem ents, 

hazard, v u ln e ra b ility , and  exposure [32],

R isk is de fined  as a fu n c t io n  o f  th e  p ro b a b ility  o f  the  hazard, o f  
exposure to  the  hazard , and  the  v u ln e ra b ili ty  o f  receptors to  the  
hazard  [33],

R isk is th e  p ro b a b ility  o f  hazard  occurrence, w here  hazard  =  
p o te n tia l th re a t to  hu m ans and th e ir  w e lfa re  [34],

R isk is fu n c t io n  o f  p ro b a b ility  and  m a g n itu d e  o f  d if fe re n t im pacts

[35].
R isk is th e  p ro b a b ility  o f  h a rm fu l consequences, o r expected losses 

(deaths, in ju r ie s , p ro p e rty , live lih o o d s , econom ic  a c t iv ity  d is ru p ted , 
o r e n v iro n m e n t damaged) re s u lt in g  fro m  in te ra c tio n s  be tw een 
n a tu ra l o r h u m a n-indu ced  hazards and v u ln e ra b le  c o n d itio n s  [36],

R isk is a c o m b in a tio n  o f  th e  chance o f  a p a r t ic u la r  event, w ith  the  
im p a c t th a t the  event w o u ld  cause i f  i t  occu rred . R isk th e re fo re  has 
tw o  com ponents : the  chance (o r p ro b a b ility )  o f  a n  event o c c u rr in g  
and th e  im p a c t (or consequence) associated w ith  th a t event [37].

r is k  =  p ro b a b ility  x  consequence [38-41],
R isk is th e  fu n c t io n  o f  the  p ro b a b ility  th a t a r is k  event occu r and 

the  consequence associated w ith  th a t event. P rac tica lly , r is k  is m ade 
u p  o f  fo u r  m a jo r b u ild in g  b locks: the  p ro b a b ility  o f  flo o d in g , the  
exposure o f  the  e lem ents-a t-risk  to  a flo o d  w ith  c e r ta in  cha racte r­
is tics, th e  va lue  o f  these e lem ents-a t-risk, and  th e  v u ln e ra b ility  o f  

these e lem ents-a t-risk  [42],

3 Risk analysis and assessment approaches
A lth o u g h  r is k  analysis and r is k  assessment te rm s  are o fte n  confused, 
some sources separate the m . FLOODsite [43] defines r is k  analysis as a 
m e th o d o lo g y  to  d e te rm in e  r is k  b y  c o m b in in g  p ro b a b ilit ie s  and  con­
sequences; w h ile  r is k  assessment com prises u n d e rs ta n d in g , eva lu a t­
in g , and  in te rp re t in g  the  pe rcep tions o f  r is k  a nd  soc ie ta l to le rances 

o f  i t  to  in fo rm  decis ions and actions in  the  r is k  m a nage m en t process. 
The ob jec tive  o f  r is k  assessment m e thodo log ies  is to  com e u p  w ith  an 
es tim a te  o f  th e  p robab le  fu tu re  r is k  and to  p rov ide  an  in s ig h t in to  
the  d is tr ib u t io n  o f  r is k  and its  re la ted  causes. The re v ie w  presented 
here exam ines b o th  o f  these perspectives, because the  e v o lu tio n  o f  
r is k  approaches is a s to ry  o f  a d a p tin g  know ledge  to  th e  co n d itio n s  

and ava ilab le  da ta  in  each c o u n try , society, and  lo ca tio n .
In  genera l, th e  m e thodo log ies  fo u n d  de fine  r is k  in  q u a lita tiv e  and/ 

o r q u a n tita tiv e  te rm s, o f  w h ic h  the  q u a n tita tiv e  approaches u su a lly  

lead to  a m o re  precise r is k  d e te rm in a tio n . A m o n g  the  approaches 
presented in  th is  section, “ analysis o f  revealed preferences”  and the  

“ analysis o f  expressed preferences”  can  be classified in to  p u re ly  
q u a lita tiv e  m e thodo log ies ; and  the  “ cost-benefit ana lys is”  (CBA), 
the  “ m u lt i- c r ite r ia  ana lys is”  (MCA), the  “ p r io r , p o s te rio r and  p re ­
p o s te rio r ana lys is” , the  “ coasta l v u ln e ra b ili ty  in d e x ”  (CVI), the  

“ source-pathway-receptor-consequences m o d e l”  (SPRC) and  the  
“ flo o d  r is k  tr ia n g le ”  in to  q u a n tita tiv e  r is k  g roup . O n th e  o th e r hand, 
the  “ generic  re p re se n ta tio n  o f  r is k  analys is”  presented, the  “ r is k  
m a tr ix ” , the  “ m u lt ip le  coasta l hazard  r is k ” , and  the  “ m u lt ip le  
hazard  (se ism ic-hyd ro log ic)”  m e thodo log ies  can be in c lu d e d  in  
the  q u a lita tiv e  o r q u a n tita tiv e  c la ss ifica tio n  d e pend ing  o n  the  

specific  needs fo r  each r is k  assessment.

3.1 Analysis of revealed preferences
This approach assumes th a t socie ty  has reached e q u ilib r iu m  

be tw een  the  risks and  the  benefits  o f  a specific  a c tiv ity . The 
know ledge  ga the red  to  ge t the re , a llow s a u th o r it ie s  to  set o r 
“ revea l”  acceptable r is k  levels a cco rd ing  to  th e  econom ic  and socia l 
re levance o f  th e  a c tiv ity . Th is m o d e l is q u ite  l im ite d  as i t  neglects the  
c o n te x t and  po w e r re la tio n s  d e fin in g  peop le ’s decis ions and  as i t  
assumes th a t r is k  acceptance is s im ila r  in  d if fe re n t rea lm s o f  life ; i t  is 
w e ll k n o w n  th a t acceptab le r is k  levels are d if fe re n t fo r  each type  o f  

r is k  and fo r  each danger [43],

3.2 Analysis of expressed preferences
This m e th o d  is focused o n  co n s id e rin g  w h a t socie ty  “ expresses”  as 
th e ir  p re fe rre d  se cu rity  levels, recorded b y  m eans o f  p u b lic  consu l­
ta t io n . Th is pre fe rence is used to  d e te rm in e  th e  acceptab le r is k  fo r 
each danger and lo ca tio n . The m a in  advantage o f  th is  approach
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over the  revealed preferences is th a t th e  u n c e rta in ty  re la te d  to  the  
d if fe re n t scenarios is m in im iz e d  i f  th e  c o n s u lta tio n  u n d e rta k e n  is 
s u ff ic ie n tly  deep. However, th is  approach can be c r it ic iz e d  fo r  its  
a ssu m p tion  th a t laypeop le  can h a nd le  a p p ro p ria te ly  ra th e r com p lex  
questions con ce rn in g  r is k  a c tiv ities . O th e r l im ita t io n s  o f  th is  m e th ­
odo logy are th e  d i f f ic u lty  in  choosing  a su ita b le  design  o f  in ve s ti­
g a tio n  th a t reduces c o m p le x ity  and u n c e rta in ty , and  to  cons ide r the  
co n te x t o f  q u e s tio n in g  people o n  th e ir  preferences [43],

3.3 Cost-benefit analysis (CBA)
This approach has been u t il iz e d  fo r  m o re  th a n  50 years to  q u a n tify  in  

m o n e ta ry  te rm s as m a n y  o f  th e  costs and  benefits  o f  a feasib le 

proposa l, in c lu d in g  ite m s  fo r  w h ic h  the  m a rk e t does n o t p rov ide  
a sa tis fa c to ry  m easure o f  econom ic  va lue . CBA exam ines w h e th e r the  

to ta l bene fits  o f  a r is k  re d u c in g  a c tiv ity , eva lua ted  in  te rm s  o f  
m oney, exceed the  costs in vo lve d  in  u t i l iz in g  resources. I t  has u n d e r­
gone c o n tin u o u s  re fin e m e n t and  expans ion  due to  the  inc re as ing  
im p o rta n ce  o f  socia l and  e n v iro n m e n ta l concerns in  deve lopm ent 
p ro jec ts  in  re cen t years, b y  a p p ly in g  m o n e ta ry  values to  soc ia l and  
e n v iro n m e n ta l issues.

Th is approach is u n ab le  to  take  in to  a cco un t th e  fac to rs  and issues 

th a t ca n n o t be expressed in  m o n e ta r ily  te rm s, such as m o ra l issues, 
d is tr ib u t io n a l e q u ity , etc. As a re su lt, th is  k in d  o f  r is k  m anagem en t 
o fte n  manages o n ly  c e r ta in  pa rts  o f  r isk . M oreover, the  sp a tia l 
d is tr ib u t io n  o f  risks as w e ll as th e  bene fits  o f  r is k  m it ig a t io n  
m easures is ra re ly  considered, and  the  e va lu a tio n  and se lec tio n  o f  

a p p ro p ria te  m it ig a t io n  m easures is m o s tly  based o n  th e ir  o ve ra ll ne t 
bene fit. Th is m e th o d o lo g y  has been analyzed b y  several a u th o rs  in  
the  fra m e  o f  research p ro jec ts  such as: ADAPT [42], FLOODsite [43], 

and  ASFPM (Association o f  State F lood P la in  Managers) [44],

3.4 Multi-criteria analysis (MCA)
The M CA is u s u a lly  considered as a dec is ion  m a k in g  to o l m ore  
th a n  a r is k  assessment approach; how ever, i t  has been in c lu d e d  
as a m e th o d o lo g y  to  assess r is k  by  u s in g  the  same in fo rm a t io n  as 
r is k  analysis.

The M CA m e th o d o lo g y  is based o n  econom ic, socia l, and  e n v iro n ­
m e n ta l c r ite r ia , w h ic h  are jo in e d  to g e th e r in to  a s ing le  r is k  esti­
m a tio n . Each c r ite r io n  is w e ig h te d  to  a llo w  the  re p re se n ta tio n  o f  the  
re la tive  im p o rta n ce  o f  each r is k  type. The p o s s ib ility  o f  th is  approach 

fo r  e va lu a tin g  m o n e ta ry  and n o n -m o n e ta ry  r is k  in  an  in te g ra te d

way, as w e ll as sho w in g  th e ir  sp a tia l d is tr ib u t io n  p rov ides a b e tte r 
sup po rted  te ch n iq u e  fo r  the  com pariso n  o f  p ro je c t a lte rna tives. 
There are va rio u s  approaches th a t suggest m u lt i- c r ite r ia  procedures 
to  m ap, m anage and  assess th e  econom ic, soc ia l and  eco log ica l 
d im e n s io n  o f  r is k  in  an  in te g ra te d  m a n n e r such as: Tkach and 
S im onovic [45], Bana e t al. [46], B rou w e r and va n  Ek [47], RPA [48], 
and  FLOODsite [49],

Some dec is ion  fra m e w o rks  c o m b in in g  cost-benefit and  m u lt i ­
c r ite r ia  have been developed; m o n e ta ry  issues are o fte n  g iven  m ore  
im p o rta n ce  b u t  an  MCA-based fra m e w o rk  is used to  invo lve  n o n ­
m o n e ta ry  item s. Th is com b ined  m e th o d o lo g y  has been used fo r  
g u id in g  decis ions a b o u t a d a p ta tio n  measures to  c lim a te  change 

indu ced  flo o d in g , as p a r t o f  the  ADAPT P ro jec t w o rk  [42],
The m u lt i-c r ite r ia  approach is o fte n  sup po rted  o n  geograph ica l 

in fo rm a t io n  systems (GISs) tech n o lo g y  to  eva luate  and m ap  damage 

and risks  [46, 49],

3.5 Generic representation of risk analysis
The flo w  c h a rt presented b y  Faber and  S tew art [50] is a representa­
t io n  o f  r is k  analysis in d e p e n d e n t o f  its  a p p lica tio n , w h ic h  is based on  
the  A u s tra lia /N e w  Zealand code o n  r is k  m anage m en t and com posed 
o f  the  several steps sho w n in  Fig. 1.

3.6 Risk matrix approach
A n  exam ple  o f  th is  approach is th e  r is k  m a tr ix  developed b y  A r th u r  

D. L it t le  in  co lla b o ra tio n  w i th  the  Federal E m ergency M anagem ent 
A gency to  a n tic ip a te  losses and to  eva lua te  p o te n tia l im pa c ts  [51], 
Th is consists o f  the  seven steps sho w n in  Fig. 2.

D epend ing  o n  the  needs fo r  r is k  assessment and  associated costs, 
the  r is k  assessment can range fro m  cu rso ry  r is k  screenings to  fu ll-  
scale q u a n tita tiv e  r is k  assessments. A n  exam ple  o f  a q u a lita tiv e  r is k  
m a tr ix  is presented in  Fig. 3.

The hazard  is classified in  fo u r  seve rity  categories: m in o r , serious, 
extensive, and  ca tas troph ic , w h ic h  inc lud es  an  e x a m in a tio n  o f  the  
p o te n tia l fa ta lit ie s , in ju r ie s , p ro p e rty  dam age, business in te r ru p ­
t io n , and  e n v iro n m e n ta l and econom ic  im pacts.

The fre que ncy  o f  occu rrence o f  a hazard  is ranged in  fo u r  o th e r 
categories, f ro m  h ig h  to  ve ry  lo w  frequency.

The c o m b in a tio n  be tw een  th e  fre que ncy  and seve rity  d e te rm in e  
the  r is k  leve l, w h ic h  is ranked  in  fo u r  q u a lita tiv e  categories: h igh - 

r is k  (class A), m odera te  to  h ig h  r is k  (class B), r is k  c o n d it io n  suffi-

Identify
Define context 

and criteria
RiskDefine

system
Identify risk

Analysis of 
probability

Figure 1. Generic representation of risk analysis 
(modified from [50]).

1. Id-r.tily .mil cha jactefiiehazaidsl
■ Definition and description.
- Measures of magnitude and severity.
- Causative factors
- Interrelations with other hazards.

2. Screen risk:

• Ranking ofthe identified hazards 
(as a lundicn of the relative degree of risk).

3- Evaluate

5. Develop alternatives to reduce risk
- Select cost-effective actions(including 

tec hnologicatand management controls)

■ *- (  acceptable?)—  ]

\ _  /  In
Implement

necessary
mitigation

measure(s)

7. Periodical 
control and 
i eview of itsks Figure 2. The risk matrix approach (modified 

from [51]).
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Frequency

1
High c B A A

Moderate c B B A

Low D C B B

Very Low D D C C

Minor Serious Extensive Catastrophic 

------------>
Severity

Figure 3. Example of risk matrix (modified from [51]).

c ie n t ly  h ig h  to  g ive co n s id e ra tio n  fo r  fu r th e r  m it ig a t io n  and  p la n ­
n in g  (class C), lo w  r is k  (class D).

3.7 Prior, posterior, and pre-posterior analysis
Faber and  S tew art [50] describe the  p rio r-ana lys is  as the  s im p le s t 
fo rm  o f  r is k  analysis, w he re  the  r is k  is d e fined  as the  expected u t i l i t y  
and  is eva lua ted  p r io r  to  any dec is ion  a n d /o r a c t iv ity  as:

R =  E[U] =  ¿ P íCí (1)

w here  R is the  r is k  fo r  each possib le a c tiv ity /o p tio n , U the  u t i l i t y ,  P¡ 
the  i th  b ra n c h in g  p ro b a b ility , and  C¡ is th e  consequence o f  th e  event 
o f  b ra n ch  i.

The p o s te rio r analysis a llow s the  e v a lu a tio n  o f  the  r is k  o f  th e  ne w  
p ro b le m  o b ta in e d  as a re s u lt o f  the  e ffec t o f  r is k  re d u c in g  measures, 
r is k  m it ig a t in g  m easures and /o r c o lle c tio n  o f  a d d it io n a l in fo r ­

m a tio n . These changes are re flec ted  in  th e  b ra n c h in g  p ro b a b ilit ie s  
an d /o r the  consequences o f  a dec is ion  tree.

The p r io r  and p o s te rio r analysis can be il lu s tra te d  b y  the  s im p le  
dec is ion  tree  represented  in  Fig. 4.

R andom
o u tcom eDecisions

U tility /consequences

Possible
activities
/options

A ctiv ity
performance

Figure 4. Decision tree for prior and posterior analysis (modified from 
[50]).

Lastly, the  a p p lic a tio n  o f  p re -po s te rio r analysis is focused o n  the  
r is k  a ppra isa l o f  a c tiv itie s  th a t m a y  be p e rfo rm e d  in  th e  fu tu re . This 
is represented as a dec is ion  tree  in  Fig. 5.

3.8 Multiple coastal hazard risk
This approach uses a q u a lita tiv e  a n d /o r q u a n tita tiv e  e va lu a tio n  o f  
r is k  caused b y  d iverse coasta l factors. A n  exam ple  o f  these stud ies 

was ca rried  o u t b y  th e  Coastal E n g ine e rin g  Research C enter and 
the  U n iv e rs ity  o f  V irg in ia  to  eva luate  r is k  and exposure to  coasta l 
hazards in  several s tre tches o f  U.S. coastline  [52], Coastal facto rs th a t 

are used to  id e n t ify  coasta l hazards are: sh o re lin e  change, overw ash 
d is tance, s to rm  surge, s to rm  and wave damage, e a rth  m ovem ents, 
and  s ta b iliz a tio n . The re su lts  are m apped and rep resen t q u a lita tiv e  
and q u a n tita tiv e  r is k  assessments.

Th is m e th o d o lo g y  uses a s im p le  d e f in it io n  o f  r is k , ea s ily  acces­
s ib le  to  p o te n tia l users, in  th e  fo rm  o f  r is k  indexes; e.g., th e  h u r r i ­
cane d isas te r r is k  in d e x  (HDRI), w h ic h  has been developed to  
com pare  th e  r is k  o f  h u rr ic a n e  d isaste r fo r  coasta l co u n tie s  in  
th e  USA [53], The HDRI com prises tw o  sub-indexes: th e  eco nom ic  
HDRI and  th e  l i fe  HDRI, w h ic h  are focused o n  th e  eco nom ic  im pa c ts  

o f  h u rr ica n e s  and  b o d ily  h a rm , respective ly . The f in a l va lue  o f  each 
in d e x  ranges in  a scale f ro m  0 to  10; th is  va lu e  is c o m p u te d  as a 

c o m b in a tio n  o f  sca lar in d ic a to rs  w i th  w e ig h ts  to  describe the  

re la tiv e  im p o rta n c e  o f  th e  associa ted in d ic a to rs  to  th e  concep t 
be in g  m easured.

A  s im ila r  deve lopm en t is th e  Hyogo F ram e w o rk  fo r  A c tio n  (HFA) 
2005-2015 [54] w h ic h  a im s to  m ake th e  w o r ld  safer f ro m  n a tu ra l 
hazards (U n ite d  N ations, 2005).

3.9 Multiple hazard (seismic-hydrologic) 
approaches
These approaches are focused o n  th e  assessment o f  m u lt ip le  
se ism ic -hyd ro log ic  hazards o f  r is k  and  v u ln e ra b ility .  Preuss and 
H e b e n s tre it [55] c a rr ie d  o u t th e  e v a lu a tio n  o f  th e  m u lt ip le  hazard  
im p a c ts  in vo lve d  in  th e  e a rth q u a ke  occu rrence  and  associated 
ts u n a m i flo o d  even t fo r  a coasta l c o m m u n ity  o n  W a s h in g to n ’s 
P acific  coast. O th e r s tu d y  is th e  re a lize d  b y  Toppozada a n d  o the rs
[56], w h ic h  describes a m e th o d o lo g y  to  assess th e  coasta l v u ln e r ­

a b il i ty  in  a Cascadia su b d u c tio n  zone ch a ra c te rize d  by  a h ig h  
se ism ic a c tiv ity . The hazards assessed in c lu d e  ts u n a m i waves, 
in u n d a tio n s , g ro u n d  fa ilu re  and  m o tio n , liq u e fa c t io n , subsidence, 
land s lides , and  o th e r secondary hazards such as release o f  to x ic  
and  hazardous chem ica ls .

3.10 Coastal vulnerability index (CVI)
The CVI is based o n  a com p lex  set o f  coasta l facto rs w h ic h  
id e n t ify  the  r is k  fro m  a specific  coasta l hazard. The d e f in it io n  o f  
the  v u ln e ra b ili ty  ind ices can be d e te rm in e d  as a fu n c t io n  o f  coasta l 

e ros ion  [57, 58], a v a r ia t io n  o f  sea leve l [59-63], o r an  eco log ica l and  
c u ltu ra l c o n te x t [64],

The O ak Ridge N a tio n a l L a b o ra to ry  deve loped a CVI to  id e n t ify  
th e  r is k  fro m  p e rm a n e n t and  ep isod ic  sea le ve l rise  events on  
th e  U.S. East and S outheast coast [61-63], The CVI va lu e  was com ­
posed o f  seven m a rin e  and la n d  va ria b les , and  s ix  c lim a to lo g ic a l 
va ria b les ; w he re  th e  degree o f  r is k  fo r  each o f  th e m  was w e ig h te d  

based o n  th e  re la tiv e  im p o rta n c e  to  th e  in u n d a t io n  o r e ros ion  r is k
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Random
outcome

Random
outcome[Decisions]

Utility/consequences

Risk reducing 
and mUigations 

actions

A ctivity 
performanceResults of 

investigationsPlanned
investigations

Figure 5. Decision tree for pre-posterior analysis 
(modified from [50]).

d e te rm in a tio n . The CVI was ra n ke d  fo r  each r is k  c la ss ifica tio n  o n  a 
scale o f  in c re a s in g  v u ln e ra b ili ty ,  fro m  1 (ve ry lo w  risk ) to  5 (very 
h ig h  risk).

CVIs have also been used to  e s tim a te  th e  v u ln e ra b i l i ty  to  e ros ion  
o f  th e  A egean H e lle n ic  coasta l zone in  re la t io n  to  a fu tu re  sea leve l 
rise  [65], The CVI in c lu d e s  s ix  va ria b le s : (i) coasta l ge o m o rp h o lo g y ;
(ii) s h o re lin e  e ro s io n  and  a c c re tio n  ra tes ; ( i i i)  re g io n a l coasta l 
slope; (iv) re la tiv e  sea-level change; (v) m e an  s ig n if ic a n t wave; 
a nd  (vi) t id a l range. The CVI is c a lc u la te d  as th e  square ro o t o f  
th e  p ro d u c t o f  th e  ra n ke d  va r ia b le s  d iv id e d  b y  th e  to ta l n u m b e r o f  

va ria b les , th a t  is:

a /a  ■ b ■ c ■ d ■ e ■ f
CVI =  -------------------- -  2

6 '  '

The CVI values o b ta in e d  fro m  Eq. (2) are ra nked  in to  five  categories 

to  h ig h lig h t the  d if fe re n t levels o f  v u ln e ra b ility , fro m  ve ry  lo w  (<3%) 

to  ve ry  h ig h  (>12%).
The CVI in d e x  has been ap p lie d  to  assess th e  v u ln e ra b ili ty  to  the  

e ros ion  and flo o d  process im pa c ts  in  re la t io n  to  sea leve l rise  im pacts  
o n  the  n o rth e a s t o f  the  sta te  o f  P a r i, B ra z il [66], In  th is  p a r t ic u la r  
case the  CVI is in te g ra te d  in  a CIS (CIS-based com pos ite  v u ln e ra b ility  
index) and com bines m ore  th a n  20 n a tu ra l and socio-econom ic 

variab les. Table 1 shows some exam ples o f  socio-econom ic and 
n a tu ra l variab les, and  Fig. 6 states the  m a th e m a tic a l d e f in it io n  o f  
the  co rrespo nd in g  indices.

A pproaches lik e  those b y  El-Raey [67] and  Hughes and B ru n d r it
[68], are exam ples o f  CVI ap p lie d  a t lo ca l scale, w h ic h  are in te n d e d  
fo r  a p p lic a tio n  over sm a ll coasta l stre tches. In  these stud ies the

Table 1. Variable classification considering their relevance in the construction of the CVI, expressed by their dependency degree and factor of weight [66]

V ariab les Dependence 
degree (a)

W e ig h t

Socio-econom ic v u ln e ra b ility T o ta l p o p u la tio n  a ffec ted  (flood); non-loca l p o p u la t io n  a ffec ted  (flood), 
c h ild re n  a ffec ted  (flood), and  e ld e rly  a ffected  (flood)

1 1

P o p u la tio n  de n s ity 2 0.5
N on-loca l p o p u la tio n , c h ild re n , e ld e rly 3 0.25
T o ta l p o p u la tio n  2000, m u n ic ip a l b u dge t 2000, po ve rty 5 0.125

N a tu ra l v u ln e ra b ility C oastline  le n g th , f lo o d in g  area, p ro te c tio n  m easures, em ergency 
re lie f  h is to ry  cases, to ta l le n g th  o f  f lu v ia l system

1 1

Coastal fea tures 2 0.5
C o n tin e n ta lity , coastline  co m p le x ity , p ro p o r t io n  o f  f lo o d in g  area, 
d ra inage  dens ity , s p lit  ra t io

3 0.25

T J  NaturalVulnerability Index + Socio -econom ic  Vulnerability Index Total Vulnerability Index =   ---------

Natural Vulnerability Index =

2

2  Natural Vulnerability V ariables 

Number o f  Variables

2]NaturalVulnerabilty Variables l(a l) „  +0.5(02)^ +0.25(a3)„

V  Socio-econom ic Vulnerability V ariables
Socio - economic Vulnerability Index =  — ---------------------------------- ;-----------------------

Number o f Variables

x -n  - • 1 1 , ,  • 11 i i  ^ Figure 6. Definitions of natural, socioeconomic,
2 S ocio-econoimcVulnerabilty Vanables= l(« l) ^  +0.5(«2)^, + 0 . 2 5 ^  + 0 .1 2 * « * ) „  and tQta| vu |nerabiNty indices [66].
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effects o f  macro-scale c lim a tic  v a r ia b il i ty  and  hyd ro d yn a m ic  force 
are reduced o r n e g lig ib le .

O th e r approaches use v u ln e ra b ili ty  in d ica to rs  o r deve lop in te ­
g ra ted  v u ln e ra b ili ty  ind ices fo r  d if fe re n t k in d s  o f  n a tu ra l hazards, 

w ith  an  em phasis o n  socia l v u ln e ra b ili ty  in d ica to rs  [69-71],
The CVI is best used in  sm a lle r scale s tud ies w ith  d e ta ile d  géo­

m o rp h o lo g ie , sed im en to log ic , and  coasta l oceanograph ic data, 

w h ic h  inc lud es  cha racte ris tics  th a t m a y  p la y  an  im p o r ta n t ro le  in  
the  e v o lu tio n  o f  a specific  coasta l reg ion .

3.11 Source-pathway-receptor-consequences 
(SPRC) model
The SPRC m o d e l is a concep tu a l m o d e l th a t represents in  a s im p le  
w ay  the  processes and systems in vo lve d  in  r is k  occurrence w h ic h  is 

expressed as a p a r t ic u la r  consequence. Th is is one o f  the  m ost 
re ce n tly  developed m e thodo log ies  fo r  r is k  assessment and its  a p p li­
ca tio n  a llow s th e  socia l and e n v iro n m e n ta l r is k  com ponen ts  to  be 
ta ke n  in to  account. Some stud ies w he re  th is  approach has been 
used are Jha e t al. [4], DEFRA [17], N arayan e t al. [20], FLOODsite
[21], Evans e t al. [72], O um era c i e t al. [73], N a u lin  e t al. [74], Sayers and 
M eadow cro ft [75], and  B urze l e t al. [76].The fa c to r g ro u p in g  o f  the  

SPRC m o d e l is de fined  as fo llow s :
Source o f  r is k  (S): is de fined  as c lim a tic  fac to rs  in d u c in g  flo o d in g , 

e ros ion  and any o th e r th re a t to  th e  safe ty o r s ta b ility  o f  th e  tan d ­
w a te r fr in g e , e.g., tsun am is , s to rm  surges, waves, o r w in d .

P athw ay (P): describes the  m a in  variab les  and processes c o n tro l­

l in g  the  coasta l r is k  in  its  w ay  fro m  the  source to  the  recepto r. I t  

in c lud es  n a tu ra l and  a r t i f ic ia l e lem ents such as m o rp h o lo g ic  p ro ­
cesses o f  flo o d in g , and  those re la ted  to  th e  b e hav io r and fa ilu re  

m echanism s o f  defense (o ve rto pp ing , ove rflow , b reach in g , o r floo d  
p la in  in u n d a tio n ).

R eceptor (R): are a ll phys ica l e n tit ie s  exposed to  the  th re a t, 
such as people, b u ild in g s , possessions, p ro p e rty , in fra s tru c tu re , o r 
e n v iro n m e n t.

Consequence (C): represents a l l  th e  physica l, socia l, in s t itu t io n a l,  

econom ic, and  e n v iro n m e n ta l adverse effects de rived  fro m  the  
occurrence o f  an y  hazard. To eva luate  th e  f u l l  consequences, d ire c t 
and  in d ire c t losses, soc ia l and  ecologie re s ilie nce  as w e ll as accep­
tance and p e rce p tio n  o f  r is k  sh o u ld  be considered.

Sources, pa thw ays, receptors, and  consequences are sp a tia lly  and 
te m p o ra lly  o ve rla id , th u s  th e  d iv is io n  be tw een  sources, pathw ays, 
and recepto rs is n o t s tr ic t and  depends u p o n  the  scale and  c o n te x t o f  
the  research [77], A n  exam ple  o f  the  scope o f  th is  m o d e l is sho w n in  

Fig. 7, w here  the  dam age to  th e  coasta l zone o f  Isla d e l C arm en is 

eva lua ted  fo r  th e  passage o f  h u rr ic a n e  Is ido re , Septem ber 2002.

3.12 The flood risk triangle
Risk is d e fined  b y  the  c o m m o n ly  accepted d e f in it io n  o f  r is k  as b e in g  a 

fu n c t io n  o f  the  p ro b a b ility  o f  the  hazard , o f  exposure to  the  hazard, 

and  th e  v u ln e ra b ili ty  o f  receptors to  the  hazard  [33], In  the  floo d  
con tex t, th is  d e fin it io n  o f  r is k  is fo rm a liz e d  in to  th e  r is k  tr ia n g le  

sho w n in  Fig. 8 [78-81],

3.13 Other methodologies for coastal erosion risk 
assessment
V ariou s  m e thod s  have been proposed ove r th e  years fo r  sho re line - 

change p re d ic tio n , such as th e  B ru u n  ru le , e x tra p o la tio n  o f  h is to r ic  

sh o re lin e  change ra tes, and  s im p le  in u n d a tio n  o f  a s ta tic  top og ra ­
phy. These m e thod s  are based o n  assum ptions th a t  are e ith e r  d i f f i ­

c u lt  to  va lid a te  o r  to o  s im p lis t ic  to  acco u n t fo r  the  co m p le x  processes 
d r iv in g  coasta l change to  be re lia b le  fo r  m a n y  re a l a p p lica tion s ;

Source

- VUnd
- Pressure Graderi
- Vteve
• Currerts
- Astrcnomical tide
- Storm surge

Pdhv\0y

- Shoaling zone
- Breaker zone
- Sixfzone
- Swashzcne

Consequence

- Erosion
- Roodng
- ETeacNng
- Overtopping

Figure 7. Scope of SPRC model in the coastal 
zone of Isla del Carmen (Mexico).
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Hazard /  \  Vulnerability

/  RISK \

Exposure

Figure 8. The risk triangle (modified from [80]).

thu s , the  a b il ity  o f  these m ethods to  q u a n tify  the  l in k  be tw een sea- 
leve l rise and sho re line  change has been questioned  by  various 
au tho rs  [65].

I t  is w o rth w h ile  to  m e n tio n  the w o rk  developed by Fe lix e t al. [82] 
th a t includes a r is k  analysis as a fu n d a m e n ta l com ponent o f  the 
genera l m e thodo logy proposed fo r  the  o p tim u m  m anagem ent o f  a 
coastal stre tch. The r is k  analysis is based on  the  appraisa l o f  the 

consequences o f  hazardous events b y  us ing  o f  a hedon ic  p rice  m ethod.

4 Numerical models involved in risk 
assessment
A ll the  r is k  assessment approaches use n u m e ric a l m e thods to  re p ro ­
duce and s im u la te  the  m o s t possib le processes in vo lve d  in  a r is k  
scenario .The SPRC approach uses d if fe re n t m odels a t each stage o f  
the  process, e.g.:

(i) Source: ra in fa ll- ru n o ff,  c lim a te  m odels.
(ii) Pathway: h yd ro lo g ica l and h y d ra u lic  m odels, fa ilu re  m odels, 

m o rp h o lo g ica l m odels.

( iii)  Receptor: exposure da ta  m odels.
(iv) Consequence: dam age and o th e r v u ln e ra b ility  m odels.

The research on  coasta l m o rp h o lo g y  has led  to  a n u m b e r o f  new  
developm ents [21], these inc lu d e :

(i) S tochastic m o de l o f  beach p la n  shape v a r ia b ility .
(ii) R egional m o de l fo r  re g io n a l scale changes.

( iii)  Rapid coastal e v o lu tio n  m ode l.
(iv) Beach overwash and dune e ros ion  m odels.

Shore zone e v o lu tio n  m odels have been developed d u r in g  the  
past decades: nearshore hyd rodyn am ics  and sed im en t dynam ics, 
coasta l zone sed im en t budge t, lik e  the  advanced c irc u la t io n  m o de l 
(ADCIRC), the  re g io n a l ocean m o d e lin g  system  (ROMS), and the  

shoreface tra n s la tio n  (GEOMBEST) [65].
Examples o f  n u m e ric a l m odels to  p re d ic t wave ind u ce d  breach 

in i t ia t io n  processes are BRES, Deich_P, SIMBA, F ire_b ird , and HR 

BREACh m odels [83]. F lood in u n d a tio n  m odels com b ined  w i th  d ig ita l 
te r ra in  m odels (e.g., d ig ita l e leva tion  m ode l) are used to  describe the  
processes ta k in g  p lace in  th e  floo d  p la in .

The resu lts  o f  a flo o d in g  m o de l are the  w a te r dep th , the  flo w  
ve lo c ity  and the  increase in  w a te r d e p th  variab les; and are com ­
m o n ly  presented in  maps. Some exam ples o f  p ro m in e n t f lo o d in g  
m odels are:

(i) “ In te g ra te d  h yd ro d yn a m ic  and econom ic  m o d e lin g  o f  floo d  
dam age in  The N e th e rlan ds ”  [84]: th is  is a m o de l developed 
fo r  the  e s tim a tio n  o f  dam age caused by floods. The m o de l 
a ttem p ts  to  f i l l  the  gap in  the  in te rn a t io n a l lite ra tu re  ab ou t 
in te g ra te d  floo d  dam age m o d e lin g  and an in te g ra te d  fra m e ­
w o rk  fo r  the  assessment o f  b o th  d ire c t hazard-induced dam age 
and in d ire c t econom ic damage, such as the  in te r ru p t io n  o f  

p ro d u c t io n  flow s ou ts ide  the  floo d  affected  area, as w e ll as 
loss o f  l ife  due to  flo o d in g .

(ii) F lood r is k  m o d e lin g  to  sea leve l rise scenarios re la ted  to  c lim a te  
change [42]: th is  m o de l com prises th ree  co m p le m e n ta ry  floo d  

r is k  assessment m odu les, respective ly, focu s ing  o n  the  effects o f  
f lo o d in g  to  econom ic, social, and eco log ica l systems. The 
o u tp u ts  o f  each m o d u le  can be com b ined  and in te g ra te d  to  
a rrive  a t an o ve ra ll floo d  r is k  (see Fig. 9).

( iii)  F lood in u n d a tio n  m o de l developed as p a r t o f  the  TRAIT (tsu­
n a m i risks, v u ln e ra b ility ,  and res ilience  in  the  Phang Nga and 
P huke t Provinces, T ha iland ) p ro je c t w o rk , fo r  the  assessment o f  
the  loca l ts u n a m i r is k  a t the  A nda m an  Sea Coast o f  T h a ila n d

[85]. The m o de l inc ludes a hazard  analysis and a v u ln e ra b ility  
analysis, w h ic h  is in te g ra te d  in  an SPRC r is k  m o de l as can be 
seen in  Fig. 10.
The m o de l com prises s im u la tin g  ts u n a m i ge ne ra tion , p ropa ­
g a tio n , and in u n d a tio n  in c lu d in g  the  in te ra c t io n  o f  the  tsu ­

n a m i w ith  ve g e ta tio n  and b u ild in g s , and prov ides resu lts  fo r  
the  in u n d a tio n  dep th , v e lo c ity  (flo w  dynam ics), and expansion  
(the m a x im u m  in u n d a tio n  area). The m o de l inc ludes  social, 

econom ic, and eco log ica l v u ln e ra b ility .

Figure 9. Components of the flood risk assess­
ment framework (modified from [42]).
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Figure 10. Sketch of flood inundation model for tsunami risk assessment (modified from [85]).

(iv) The dyn a m ic  in te ra c tiv e  v u ln e ra b ili ty  assessment (DIVA) m o de l 

ve rs io n  2.0.2 is a g lo b a l m o d e l developed to  eva luate  th e  p o ten ­
t ia l  risks, im pacts , and  costs o f  c lim a te  change. The D IVA  m o de l 
was ru n  fo r  G erm any, The N e therlands, and  th e  U n ite d  
K ingdo m  to  id e n t ify  the  p o te n tia l costs o f  sea-level rise u n d e r 
d if fe re n t c lim a tic  and socio-econom ic scenarios (IPCC SRES 

scenarios) fro m  2000 to  2100. CBAs w ere ap p lie d  to  decide u p o n  
based a d a p ta tio n , f u l l  a d a p ta tio n  and  n o  a d a p ta tio n  fo r  the  
d if fe re n t scenarios m ode led  [86],

A  m o d e l used as a s u p p o rt to  th e  n u m e r ic a l e s t im a tio n  o f  
coasta l e ro s io n  ha zards /risks  is th e  CoSTAT GIS m o de l. A n  
e xa m p le  o f  its  a p p lic a t io n  is th e  q u a n t ita t iv e  assessm ent o f  coasta l 
e ro s io n  s u s c e p tib il ity  fo r  em erged h a za rd /risks  in  I ta ly , w h ic h  is 
expressed as th e  ra t io  be tw e e n  th e  va lu e  o f  sea-land b o u n d a ry  s h if t  
in  th e  an a lyzed  p e r io d  ( fro m  t im e  t0 to  R) and  th e  beach em erged 

a t t im e  t 1 [87], The a p p lic a t io n  o f  th is  m o d e l is l im ite d  to  sandy 
beaches.

B aquerizo  and  Losada [88] and  Losada e t al. [89] p resen ted  a 
m e th o d o lo g y  to  p re d ic t th e  m o rp h o lo g ic a l e v o lu t io n  d r iv e n  by  
w ave a c tio n  over th e  co a s tlin e , in  a decadal scale; and  th e  eva lu ­

a t io n  o f  th e  associa ted u n c e rta in ty . The m e th o d o lo g y  is based 
o n  th e  a p p lic a t io n  o f  a on e -line  m o d e l w i th  t im e  de pend en t 
b o u n d a ry  c o n d it io n s  co m b in e d  w i th  a 1-D r iv e r  m o d e l fo r  n o n ­
p e rm a n e n t f lu x  th a t a llo w s  to  c o n s id e rin g  th e  sed im en ts  co m in g  
fro m  rive r.

5 Particular case: Coastal risk studies 
developed in Mexico
The m o s t re le va n t c o n tr ib u t io n  fo r  r is k  assessment in  M exico  has 
been developed b y  th e  N a tio n a l C enter fo r  D isaster P reven tion  
(CENAPRED) [90], Since 2000 CENAPRED has been w o rk in g  o n  the  
M ex ican  A tlas  o f  r is k  and hazard  areas w h ic h  a im s to  es tab lish  a 
n a tio n a l m e th o d o lo g y  to  eva luate  h yd ro -m e teo ro lo g ica l risks  a t 
coasta l zones. The m o st re cen t p u b lic a t io n  o n  th e  to p ic  is th e  basic 
gu ide  fo r  th e  E la b o ra tio n  o f  State and M u n ic ip a l A tlas  o f  Risks and

Hazards in  2006, w here  a m e th o d o lo g y  fo r  the  c o n s tru c tio n  o f  flo o d ­
in g  r is k  m aps is described. Th is m e th o d o lo g y  can  be sum m arize d  as 
fo llow s :

(i) Id e n tify  coasta l flo o d in g  hazards: th is  step is m o s tly  focused on  
eva lu a tin g  s to rm  surge n u m e rica lly .

(ii) Evaluate the  v u ln e ra b ili ty  to  f lo o d in g  o f  dw e llin g s : th e  phys ica l 

v u ln e ra b ility  is set con s id e rin g  th e  m a te r ia l o f  c o n s tru c tio n  o f  
the  w a lls  and roofs; and  the  p o te n tia l dam age re la te d  to  the  
flo o d in g  levels.

( iii)  D ra w  the  m ap  o f  r isk . CENAPRED [90] defines r is k  as the  p rob ­

a b il i ty  o f  occurrence o f  dam age to  people, c o m m u n itie s  o r th e ir  
goods as a consequence o f  the  im p a c t o f  n a tu ra l phenom ena , 
w h ile  th e  p ro b a b ility  o f  occu rrence o f  those phenom ena  is the  

th re a t. In  a s im p le  re la tio n , r is k  can  be represented  as:

R = f(P ,V ,E )  (3)

w here  R is the  r isk , P the  hazard , V  th e  v u ln e ra b ility , and  E is the  
exposure.

Hazards are de fined  as the  p ro b a b ility  o f  occu rrence o f  a p o ten ­
t ia l ly  h a rm fu l phenom enon . Exposure is th e  n u m b e r o f  persons, 
goods, and systems th a t co u ld  be dam aged. V u ln e ra b il ity  re fers to  

the  s tre n g th  o r weakness o f  the  exposed systems. C ons id e ring  a 

specific  re tu rn  pe rio d , T, the  r is k  can be expressed as:

R — CVTPT

w here  VT is th e  v u ln e ra b ility  re la ted  to  th e  re tu rn  pe rio d , PT the  

p ro b a b ility  o f  occu rrence o f  a c e r ta in  event in  the  re tu rn  pe riod , 

and  C is th e  va lue  o f  th e  exposed goods. I f  several events are to  be 
considered, the  r is k  is:

n

Rj =  X ; q p ( i ) - v j (Yi ) (4)
¡=1

w here  th e  sub index i  stands fo r  each re tu rn  p e rio d  considered  and j  

re fers to  each system  o f  in te re s t; P(i) and  V¡(Y¡) are the  hazard
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and v u ln e ra b ility  fu n c tio n s , respective ly . F rom  Eq. (4) each exposed 
system has a r is k  in d e x  de fined  as:

j  Kj
Rj Cmax

Cmax is the  h igh es t va lue  o f  the  exposed systems.
Irj is h ig h  i f  0.67 <  Ir j < 1 .0  
Irj is m e d iu m  i f  0.33 <  I r  <  0.67 
I r . is lo w  i f  0 <  I r . <  0.33
CENAPRED [90] defines tw o  o th e r ind ices one to  eva luate  the  

dam age p o s s ib ility  o f  lo w  cost dw e llin g s  due to  w in d  a nd  th e  second 

to  eva luate  socia l v u ln e ra b ili ty  to  n a tu ra l disasters.
Tw o recen t s tud ies w ere  pu b lish e d  re g a rd in g  r is k  e v a lu a tio n  in  

c lim a te  change scenario:
González T u rru b ia te s  [91] defines flo o d  r is k  as a fu n c t io n  o f  

p hys ica l r is k  and e x is tin g  v u ln e ra b ility , i.e.:

IRIX =  IRFI(1 +  IVP) (5)

IRFIX, stands fo r  phys ica l r is k  in d e x  and i t  is o b ta in e d  th ro u g h  

descrip to rs  o f  the  te r r i to r y  and socia l dam age; IVPX is the  e x is tin g  
v u ln e ra b ility  in d e x  w h ic h  inc lud es  the  exposure and  s u s c e p tib ility  
as w e ll as socio-econom ic fra g i l i ty  and  la ck  o f  res ilience.

Based o n  a m o d e l o f  the  OCDE, S e ing ie r e t al. [92] use ind ices to  
describe the  r is k  to  M ex ican  coasts in  the  case o f  an  increase o f  sea 
level. The r is k  in d e x  is de fined  b y  a c o m b in a tio n  o f  a v u ln e ra b ility  
in d e x  and th e  n a tu ra l hazardness o f  coasta l p la ins . Th is  m o de l 
inc lud es  dem ograph ic  and socio-econom ic v u ln e ra b ility . The coasta l 

r is k  in d e x , IRC, is expressed as:

IRC =  Y  (IPC’ ÍVC)

w here  th e  coasta l hazardness, IPC, in d e x  is:

IPC =  (SIPF, SIPC); SIPF =  ^ ] ( ¡ , p , a ) :  SIPC =  Y  (e m )

SIPF is th e  in d e x  o f  phys ica l hazardness, SIPC the  in d e x  o f  c lim a to ­
log ie  hazardness, ! the  coastline  le n g th , p  the  percentage o f  the  
m u n ic ip a lity  co rrespo nd in g  to  coasta l p la in , a th e  n u m b e r o f  
in te r io r  m a rin e  w a te r bodies, and  em  is th e  fre que ncy  o f  m e teo ro ­
lo g ica l events.

The a p p lic a tio n  o f  th e  m o d e l b y  S eing ie r e t al. [92], gives r is k  maps 
s im ila r  to  th e  one show n in  Fig. 11.

There are some o n  go in g  stud ies in  M exico in  re la t io n  to  coastal 

r is k  am ong  w h ic h  i t  is w o r th  to  m e n tio n  th e  fo llo w in g :

(i) “ F lood ing r is k  diagnosis fo r  Campeche C ity ”  sponsored by 
M exican body: Sedesol and the  m u n ic ip a lity  o f  Campeche. This 
is m a in ly  an analysis o f  the  m ost re levant damage and the  causes 
o f  it ;  the  results are maps o f  registered flo o d in g  since 1769.

(ii) H yd ro -m e teo ro log ica l hazards m ap, w h ic h  is p a r t o f  the  Itsm o  

de Tehuantepec R egional A tlas  [93],
(iii)  M ap o f  zones susceptib le  to  flo o d in g , w h ic h  is p a rt o f  the  N ew  

M ex ican  A tlas  [94],
(iv) M ap o f  zones susceptib le  to  n a tu ra l disasters [95],

F in a lly , the  im p o rta n ce  o f  the  advances a lready  achieved re gard ­

in g  th e  ch a ra c te riza tio n  o f  h yd ro -m e teo ro lo g ica l hazards o n  the  
coast o f  M exico m u s t be h ig h lig h te d . Some o f  these stud ies are:

(i) “ N a tu ra l H azard A tlas  o f  th e  State o f  Cam peche”  [96],
(ii) “ S to rm  surge indu ced  b y  tro p ic a l cyclones”  [97],

(iii)  “ A na lys is  o f  the  s to rm  surge hazard  in  th e  G u lf  o f  M ex ico ”  [98],
(iv) “ W ave re-analysis in  M exico : 1948-2007”  [99],
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Figure 11. Risk index by municipality (modified from [92]). 
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6 Conclusions
Increasing p u b lic  awareness o f  the  devastating damage th a t n a tu ra l 

phenom ena can produce in  coastal zones, the  th re a t o f  c lim a te  change 
and the  re co g n itio n  o f  disaster p reven tio n  as a means to  ensure social 
safety and w e lfa re  have led  to  the  developm ent o f  in itia tive s , too ls, and 
m odels fo r hyd ro-m eteoro log ica l r is k  assessment w orld w id e .

R isk assessment m e thodo log ies  have been adapted to  the  needs o f  
a w id e  range o f  dec is ion  m akers, and  the  concept o f  r is k  has evolved 
to  becom e m o re  precise as m e thodo log ies  are developed. M oreover, 
te ch n o lo g ica l advances have m ade i t  possib le to  reduce th e  un ce r­

ta in ty  in vo lve d  in  the  r is k  e v a lu a tio n  process and, th e re fo re , to  

im p ro ve  th e  a b il i ty  to  take  a p p ro p ria te  m easures fo r  th e  p re ve n tio n  
and m it ig a t io n  o f  risk .

A m o n g  th e  m e thodo log ies  k n o w n  as “ tra d it io n a l m e thod o log ie s ”  
are those p u re ly  q u a lita tiv e  th a t es tab lish  acceptable r is k  levels fo r  
society, a cco rd ing  to  the  o p tim a l ba lance be tw een the  risks and 
benefits  associated w ith  an  a c t iv ity  (analysis o f  revealed preferences); 

those w h ic h  set the  p re fe rre d  sa fe ty  levels o f  soc ie ty  fo r  each r is k  
s itu a tio n  (analysis o f  expressed preferences); o r those th a t focus on  
the  fac to rs  th a t can be easily  expressed in  m o n e ta ry  te rm s  (CBA). 

Those m e thodo log ies  have been adapted to  M CA to  consider the  
in c re as ing  im p o rta n ce  o f  soc ia l and  e n v iro n m e n ta l fac to rs  over 
tim e . A  recen t, in n o va tive  r is k  assessment approach is th e  SPRC 
m ode l, w h ic h  a llow s a b e tte r in te g ra t io n  o f  soc ia l and  e n v iro n m e n ­
ta l facto rs, and  u n d e rs ta n d in g  o f  the  phys ica l processes ta k in g  place 

in  the  p ro p a g a tio n  and  consequences o f  coasta l floo d ing .
The in te res t in  im p ro v in g  the  p rec is ion  o f  the  results o f  a r is k  

assessment approach has led  to  q u a n tita tive  r is k  and v u ln e ra b ility  

indices, be ing  developed; a co m b in a tio n  o f  the  re levant econom ic, 
social, and e n v iro n m e n ta l factors in  each analysis area. However, at 
the  m o m en t, re la tive ly  few  studies have ob ta ined q u a n tita tive  indices, 
and the  ap p lica tio n  o f  these indices has o fte n  been l im ite d  to  the  u n it  
o f  analysis fo r w h ich  the y  w ere obta ined. Despite progress o n  the  issue 
o f  hyd ro-m eteo ro log ica l r is k  assessment, a com m on m ethodology, 
w ith  u n if ie d  re levan t c r ite r ia  and param eters th a t a llows the  effective 

in te g ra t io n  o f  r is k  analysis a t a ll levels (m un ic ipa l, local, state, 
na tio n a l, and in te rn a tio n a l) has n o t ye t been obtained.

In  M éxico , the  f irs t  steps in  p re v e n tio n  have b a re ly  been taken, 
desp ite  its  extensive coastline  and its  v u ln e ra b ility  to  tro p ic a l cy­
clones. The m ost im p o rta n t c o n tr ib u t io n  to  hyd ro-m eteoro log ica l r is k  

assessment has been conducted  b y  the  N a tio n a l C enter o f  D isaster 

(CENAPRED), w ith  the  p u b lic a t io n  in  2006 o f  the  “ basic gu id e lines  
fo r  th e  co n s tru c tio n  o f  a State and M u n ic ip a l A tlas  o f  Hazards 

and Risks” . In  th a t gu ide , s t i l l  u n d e r co n s tru c tio n , a m e th o d o lo g y  
fo r  r is k  assessment b y  s to rm  surge is p resented as w e ll as the  
d e f in it io n  o f  several soc ia l and  phys ica l ind ices th a t have n o t ye t 
been app lied . In  a d d it io n  some stud ies re la ted  to  c lim a te  change 

effects have been ca rried  o u t, w h ic h  de fine  r is k  and v u ln e ra b ility  
ind ices fo r  th e  analysis o f  coasta l f lo o d in g  re s u lt in g  fro m  the  
p re d ic te d  sea leve l rise. However, the  v a lid ity  o f  those ind ices is s t i l l  
b e in g  questioned  because o f  the  la rge  n u m b e r o f  descrip to rs used 

in  some o f  th e m  and th e  la ck  o f  co n s id e ra tio n  o f  re le va n t fac to rs  in  
o thers.
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