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Aegean	  
-‐  high	  level	  of	  seismic	  hazard	  
-‐  numerous	  World	  Heritage	  sites	  
-‐  fast	  growing	  regions	  (coastal	  tourism	  

and	  real	  estate	  developments)	  

Objec;ve:	  
Provide	  improved	  metrics	  of	  seismic	  risk	  
exposure	  and	  define	  how	  future	  
earthquakes	  might	  affect	  the	  socio-‐
economic	  development	  of	  the	  region	  	  



Ra;onale	  of	  the	  study	  

Objec;ve:	  Design	  of	  a	  methodology	  of	  seismic	  risk	  assessment	  based	  on	  historical	  
seismicity	  and	  the	  present	  territorial	  vulnerability	  

Suscep;bility:	  predisposiPon	  of	  elements/condiPons	  (natural	  and	  
social)	  to	  create	  risk	  potenPality	  

Given	  a	  territory,	  mapping	  past	  earthquakes	  described	  in	  
catalogues	  and/or	  idenPfied	  from	  paleosismology	  and	  spaPalising	  
the	  socio-‐economic	  stakes	  is	  a	  way	  to:	  

	  
	  
	  

3.	  Places	  strongly	  affected	  by	  earthquakes	  in	  history	  will	  face	  other	  
	  	  	  	  earthquakes	  in	  the	  future 

1.	  Each	  territory	  is	  a	  system	  which	  integrity/funcPonning	  can	  be	  disturbed	  by	  earthquakes 

2.	  Earthquakes	  are	  very	  difficult	  to	  predict.	  But,	  given	  a	  fault	  system,	  it	  seems	  they	  
	  	  	  	  	  have	  a	  frequency	  over	  long	  periods	  of	  Pme 

•  highlight	  areas	  the	  most	  at	  risk	  today	  
•  help	  decision	  makers	  in	  their	  spaPal	  planning	  pracPces	  



Many strong earthquakes in the recent past : 1851, 1856 (intensity 9–10), 1957 (Mw 7.1) 

Area	  of	  study	  

Muğla	  province,	  Turkey 

Istanbul 

Ankara 

Athens 

Izmir 



Area	  of	  study	  

Exis;ng	  hazard	  map	  to	  address	  risk	  preven;on	  (AFAD) 

Unsuitable	  for	  spaPal	  planning	  	  



Famous	  riviera	  
 
many resorts, 2 international airports, 1 300 000 tourists arrivals in 2013, 
Coastal developments and very strong territorial dynamics 

Ø Area at risk 

Olüdeniz 

Bodrum 

Area	  of	  study	  

Marmaris / Içmeler 



SuscepPbility	  
to	  Seismic	  risk	  

GIS	  Database	  
Historical	  
seismicity	  

GIS	  Database	  
Territorial	  
vulnerability	  

Methodology	  

Holis;c	  assessment	  process	  based	  on	  a	  geographical	  approach	  
Field	  work	  +	  social	  and	  cultural	  approach	  +	  data	  collecPon	  and	  

criPcal	  analysis	  +	  spaPal	  analysis	  

1	   2	  

3	  



Ambraseys	  catalog	  :	  the	  most	  complete	  inventory	  of	  
past	  earthquakes	  in	  the	  Mediterranean	  from	  2100	  BC	  
to	  1900	  AD 
 
 
 
 

Historic	  seismicity	  assessment	  

1-‐	  Historic	  seismicity	  assessment 

GIS database 
of historical 
seismicity in 

Mugla 
Province 

 
MSK intensity 
 



• 	  	  	  47	  earthquakes	  +	  3	  
aTer	  1900	  
• 	  	  380	  sites	  recorded	  
• 	  	  45	  isoseismal	  maps	  

Historical	  seismicity	  assessment	  

Places	  affected	  by	  destruc;ve	  earthquakes	  in	  history	  (between	  2100	  BC	  and	  1900)	  



Sites affected by one earthquake Potential intensity 
map 

Historical	  seismicity	  assessment	  

Isoseismal	  maps	   



Historical	  seismicity	  assessment	  

Cumulated	  intensity	  (MSK	  scale)	  recorded	  in	  history 



LisPng	  and	  mapping	  of	  the	  major	  stakes	  characterizing	  the	  vulnerability	  of	  
the	  territory	  

Territorial	  vulnerability	  assessment	  

2-‐	  Territorial	  vulnerability	  assessment 



Territorial	  vulnerability	  assessment	  

Human	  vulnerability	  :	  public	  equipments	  receiving	  people	  

Data	  gathering,	  georeferencing	  and	  mapping 



Territorial	  vulnerability	  assessment	  

Mul;-‐Criteria	  Analysis	  +	  spa;al	  analysis 

Cell	  size	  :	  500	  m	  



Territorial	  vulnerability	  assessment	  

Human,	  func;onal	  and	  economic	  vulnerability	  maps 



Territorial	  vulnerability	  assessment	  

Territorial	  vulnerability	  map 



Risk	  assessment	  and	  planning	  recommenda;ons	  

Combining	  historic	  seismicity	  and	  present	  vulnerability	  (data	  recoding) 

4	  levels	  of	  territorial	  vulnerability	   4	  levels	  of	  past	  seismic	  intensity	  

Areas most at risk 
Areas most suitable for future development 

3-‐	  Risk	  assessment	  and	  planning	  recommenda;ons 



Risque (aléa & vulnérabilité)	   Aléa Faible	   Aléa Moyen	   Aléa Fort	   Aléa Très Fort	  

Vulnérabilité Faible	   Faible	   Faible à 
moyen	   Moyen	   Moyen à fort	  

Vulnérabilité Moyenne	   Faible à moyen	   Moyen	   Moyen à fort	   Fort	  

Vulnérabilité Forte	   Moyen	   Moyen à fort	   Fort	   Fort à très fort	  

Vulnérabilité Très Forte	   Moyen à fort	   Fort	   Fort à très fort	   Très Fort	  

Decision	  matrix	  

From (Gleyze,  2002 ; Beck, 2006)  

Risk	  assessment	  and	  planning	  recommenda;ons	  

Combining	  historic	  seismicity	  and	  present	  vulnerability 

-‐	  	  	  	  	  Past	  seismic	  intensity	  	  	  	  	  +	  

+	  
	  	  	  
	  V
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	  -‐	  

7	  levels	  of	  risk	  suscep;bility 



Risk	  assessment	  and	  planning	  recommenda;ons	  

Final	  output:	  areas	  the	  most	  suscep;ble	  to	  seismic	  risk 

Opportuni;es	  ?	  
Constraints	  ?	  
…	  in	  terms	  of	  
planning	  

Suscep;bility	  Map	  =	  unique	  of	  this	  kind 



Valida;on	  of	  the	  methodology	  through	  the	  building	  of	  other	  scenarios	  +	  
applica;on	  to	  another	  study	  area	  +	  integra;on	  of	  paleoseismic	  data	  
	  
Local	  authori;es	  and	  local	  stakeholders	  understanding	  of	  the	  suscep;bility	  
maps	  must	  be	  assessed	  
	  
Seismic	  risk	  memory	  could	  be	  integrated	  into	  the	  methodology	  
	  
Risk	  percep;on	  through	  this	  methodology	  must	  be	  assessed	  

Conclusion	  

q  Assessing	  and	  mapping	  seismic	  risk	  based	  on	  past	  seismic	  data	  and	  
today’s	  vulnerability	  is	  possible	  	  

q  Coastal	  areas	  in	  Mugla	  province	  are	  definitely	  at	  risk	  

Next	  steps…	  



Thank	  you	  for	  your	  
agen;on	  



Discussions 

Carte probabiliste de l’aléa sismique: 
accélération  au sol prévu pour une période 

de retour 2475 ans. Projet SHARE 2013 

Susceptibilité à l’aléa sismique d’après la sismicité historique 

Comparaison des méthodes de caractérisation de l’aléa sismique 



MCA - scoring 



MCA - scoring 



Historic	  seismicity	  assessment	  

Cumulated	  intensity	  (MSK	  scale)	  recorded	  in	  history,	  rec;fied	  
with	  site	  effects 



Ligo-‐S-‐Histo	  

Territorial	  vulnerability	  map	  (Fethiye	  city) 


