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1 .  BA C KG R O U N D

S e i s m i c  H i s t o r y  i n  Tu s c a n y  R e c e n t  S e i s m i c  A c t i v i t y  
( 1 9 8 1  – 2 0 0 2 )
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BA C KG R O U N D
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Garfagnana valley is prone to seismic 

activities. As shown in the previous maps, it’s 

located in an area of active faults. 

In 1920, an earthquake event  occurred with an 

intensity rated 6.6 on the Richter magnitude 

scale.

It was one of the most destructive seismic 

events recorded in the Apenninic region in the 

twentieth century.

The focus of this study is mainly about the risk 

assessment and mitigation measures aiming to 

reduce the physical and economical losses in 

the future.



2 .  O B J E C T I V E S

1. Assessing the physical damage scenario

2. Assessing the systemic damage scenario

3. Proposing a plan to reduce the risk of 
Garfagnana
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WHERE IS 
GARFAGNANA

?

TUSCANY REGION
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WHERE IS 
GARFAGNANA

?

LUCCA PROVINCE
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OUR 

AREA OF 
INTEREST

GARFAGNANA MUNICIPALITY

C a r e g g i n e

S a n  R o m a n o  i n  G a r f a g n a n a

C a s t e l n u o v o d i  G a r f a g n a n a

P i a z z a  A l  S e r c h i o
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I .  Va l l e y  s c a l e  

I I . M u n i c i p a l i t y s c a l e  ( 4 / 1 4 ) ;  



R I S K A S S E S S M E N T

01
H a z a r d  As s e s s m e n t
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M i t i ga t i on  M ea sur es

04
D a m a g e  S c e n a r i o

• Physical Damage Scenario

• Systemic Damage Scenario
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E x p o s u r e  An a l ys i s

• Population

• Assets

03
Vu l n e r ab i l i t y  As s e s s m e n t

• Physical Vulnerability

• Systemic Vulnerability

• Socio-economic Vulnerability
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M E T H O D O L O G Y
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HAZARD
Generate hazard maps considering several types of hazard such as 

seismic, landsl ides, and microzonation
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SEISMIC
HAZARD 
MAP
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Score Classification

1 Low Seismic Hazard

2 Medium Low Seismic Hazard

3 Medium High Seismic Hazard

4 High Seismic Hazard



Score Classification

Quiescent 1 Low Landslide hazard

Active 4 High Landslide hazard

LANDSLIDES
HAZARD 
MAP
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Given the microzonation for three 
municipalities (Careggine, Sanromano, 

and Piazza Al Serchio)

MICRO-
ZONATION

MAP



GARFAGNANA
COMBINED 
HAZARD 
MAP
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Valley scale

Hazard = Seismic + Landslides

M e t h o d o l o g y :
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COMBINED 
HAZARD 

MAP
Municipality scale

Hazard = Seismic * Microzonation + Landslides

M e t h o d o l o g y :

(Careggine)



17

COMBINED 
HAZARD 

MAP
Municipality scale

Hazard = Seismic * Microzonation + Landslides

M e t h o d o l o g y :

(Piazza Al Serchio)



18

COMBINED 
HAZARD 

MAP
Municipality scale

Hazard = Seismic * Microzonation + Landslides

M e t h o d o l o g y :

(Sanromano)



Assessing the number of people and number of objects ,  assets ,  
infrastructures in an area exposed to a threat to a natural hazard. 

EXPOSURE
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EXPOSURE: 
POPULATION
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Valley scale

Analysis based on total 

population density
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EXPOSURE: 
BUILDING

Valley scale

Analysis based on total 

building density
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EXPOSURE: 
INFRASTRUCTURE

Valley scale

Analysis based on type 

of roads (width)
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EXPOSURE: 
SCHOOLS

Valley scale

Analysis based on 

schools’ location 



COMBINED 
EXPOSURE 
ANALYSIS
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Analysis based on:
• Population Density
• Building Density
• Road

Valley scale
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EXPOSURE ANALYSIS
Municipalities scale

Population Exposure Building Exposure

Building Distribution



The propensity of an asset or a system to be damaged in case of a 
hazardous event.

VULNERABILITY
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PHYSICAL VULNERABILITY :
BUILDINGS

Factor Criteria Value

Age
Before 1919 1.25

1919 to 1945 0.5

Construction 

Type

Weighted Bearing 

Structures
1.7

RC Structures 1

Height

1 floor 0.25

2 floor 0.5

3 floor 0.75

4 floor 1

27

Assessment based on the 
combination of buildings’ 
age, construction type, and 
number of floor (height)

Valley scale
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Factor Criteria Value

Age

15 to 39 0.5

40 to 54 0.625

55 to more than 74 1

less than 5 to 14 1.125

PHYSICAL VULNERABILITY :
POPULATION
Valley scale

Assessment based on the 
populations’ age as below:
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SYSTEMIC
VULNERABILITY

Valley scale

Analysis based on the 

combination of roads width 

and the number of 

population moving inside 

and outside
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SYSTEMIC
VULNERABILITY

Valley scale

The classification is based on 

redundancy (alternatives)
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SYSTEMIC VULNERABILITY
Valley scale

Hospital Systemic Vulnerability Schools’ Systemic Vulnerability



SYSTEMIC
VULNERABILITY
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Built Environment and 
Critical Infrastructure

Analysis based on distance 
to public facilities and 

lifelines 
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SYSTEMIC
VULNERABILITY

Municipality scale

Analysis of roads based on hospital 

and police station accessibility to 

whole zone of the municipality 

Castlenuovo
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SYSTEMIC
VULNERABILITY

Municipality scale

Analysis of roads based on 

hospital and police station 

accessibility to whole zone 

of the municipality 

Piazza Al Serchio



Factor Criteria Value

Education 

Level

Highly educated - Low social 

vulnerability
1

Intermediate education - Medium 

social vulnerability
1.5

Lower degree education - High 

vulnerability
2.5
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SOCIAL
VULNERABILITY

Assessment based on the 
educational level

Valley scale
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ECONOMIC
VULNERABILITY

Valley scale

Analysis considering the 

number of people employed 

and unemployed as 

representation for economic 

assets  

2*employeed x 0.5*unemployeed

M e t h o d o l o g y :



37

ECONOMIC
VULNERABILITY

Valley scale

Analysis based on the density 

of unit local enterprises as 

representation for economic 

assets 
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SOCIO-ECONOMIC
VULNERABILITY

Valley scale



DAMAGE SCENARIO
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PHYSICAL DAMAGE 
SCENARIO

For physical damage scenario we 

considered a combination of 

Physical Vulnerability and Hazard
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SYSTEMIC DAMAGE 
SCENARIO

From the Physical Damage 

Scenario, we can obtain 

systemic damage scenario 

by combining it with the 

Systemic Vulnerability



Proposed an action in order to prevent further losses

MITIGATION
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MITIGATION MEASURES
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THANK 
YOU!
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