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1. BACKGROUND

Seismic History in Tuscany

O T
S L Magnitudo Richter ~ Profondita JIB

Recent Seismic Activity
(1981 — 2002)
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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. OBJECTIVES

1. Assessing the physical damage scenario
2. Assessing the systemic damage scenario

3. Proposing a plan to reduce the risk of
Garfagnana

_a chiesa di. Villa Colemandina.
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OUR
AREA OF
INTEREST

|. Valley scale

II.Municipality scale (4/14);
Careggine
San Romano in Garfagnana
Castelnuovo di Garfagnana
Piazza Al Serchio

PIAZZA AL SERCHIO

;J’:_ :
GARFAGNANA MUNICIPALITY




RISK ASSESSMENT

Exposure Analysis Damage Scenario
* Population » Physical Damage Scenario
* Assets « Systemic Damage Scenario

SN

i T

Hazard Assessment

Vulnerability Assessment

Mitigation Measures
* Physical Vulnerability
« Systemic Vulnerability

« Socio-economic Vulnerability
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Garfagnana hazard assessment based on Seismic

SEISMIC N
HAZARD
MAP

Italy-Tuscany-Lucca-Garfagnana

HAZARD

Hazard Garfagnana Valley

Seismic Hazard Garfagnana Valley
B Medium High Seismic Hazard

1 Low Seismic Hazard _ I
0 25 5 75 10km Il High Seismic Hazard
2 Medium Low Seismic Hazard BN N
; . L. Coordinate Reference System:
3 Medium High Seismic Hazard EPSG:3003 Monte Mario-ltaly
4 High Seismic Hazard
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L A N D S L I D E S Garfagnana hazard assessment based on Landslides
HAZARD T Ny
MAP

Italy, Tuscany, Lucca, Garfagnana

HAZARD

Hazard Garfagnana Valley

Landslide Garfagnana Valley
[ ] Low Landslides Hazard
[ High Landslide Hazard

Quiescent 1 Low Landslide hazard Coordinate Reference System:
EPSG:3003 Monte Mario-Italy Zone q

Active 4 High Landslide hazard
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Microzonation for Piazza Al serchio, Careggine and San romano

Coordinate Reference System:
EPGS:3003 Monte Mario-ltaly zone1

Italy- Tuscany- Lucca- Garfagnana

Hazard Municipalities

Microzonation Piazza AL Serchio

MicZones

[ Bedrock

[] 3m<LM<10m

Bl Reclaimed material
Microzonation Careggine
careggine_microz

[ ] Bedrock

[ ] 3m<LM<10m

[ M >30m

B Reclaimed material
Microzonation San Romano
Loose_Material

[] 3m<LM<10m
Adminstrative layers

[ ] PiazzaAlSerchio
[_] sanromano

[ careggine

MICRO-
ZONATION
MAP

Given the microzonation for three
municipalities (Careggine, Sanromano,
and Piazza Al Serchio)
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G A R F A G N A N A Garfagnana hazard assessment based on combination of Seismic and Landslides
COMBINED A
HAZARD
MAP

Valley scale

Methodology:

Italy-Tuscany-Lucca-Garfagnana

Combined Hazard Garfagnana Valley
[ | Low Combined Hazard

[ ] Medium Low Combined Hazard
[ Medium Combined Hazard

Il Medium High Combined Hazard
Il High Combined Hazard

0 25 5 75 10km

Coordinate Reference System:
EPSG:3003 Monte Mario-Italy Zone q
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Careggine combined assessment based on combination of Siesmic, Landslides and Microzonation C O M B I N E D

Coordinate Reference System:
EPSG:3003 Monte Mario-Italy Zone

N

HAZARD

MAP

~ (Careggine)

Italy- Tuscany- Lucca- Garfagnana- Careggine

Combined Hazard Careggine (seismic, landslide, microzonation)
[ ] Medium Low Combined Hazard

7] Medium High Combined Hazard

Il High Combined Hazard

Methodology:
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Piazza Al Serchio combined hazard assessment based on combination of Siesmic, Landslides and

Microzonation

Coordinate Reference System:
EPSG:3003 Monte Mario-ltaly Zone

N COMBINED
HAZARD
MAP

Italy- Tuscany- Lucca- Garfagnana- Piazza Al Serchio

Combined Hazard Piazza Al Serchio (seismic, landslide, microzonation)
[_] Medium High Combined Hazard

[ High Combined Hazard

Il Extremely High Combined Hazard

Methodology:
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San Romano combined hazard assessment based on combination of Siesmic, Landslides and Microzonation

Coordinate Reference System:
EPSG:3003 Monte Mario-ltaly Zone w‘

N

ltaly-Tuscany-Lucca-Garfagnana-San Romano

HAZARD
Hazard Municipalities
Combined Hazard Municipalities Scale (seismic, landslide, microzonation)

Combined Hazard San Romano (seismic, landslide, microzonation)

(| Medium High Combined Hazard
[ High Combined Hazard
Il Extremely High Combined Hazard

Methodology:

COMBINED
HAZARD

MAP
Municipality scale
(Sanromano)
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EXPOSURE

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

Exposure asses

Garfagnana

5 75 10km
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Garfagnana Road's exposure assessment based on the type of the roads Ex P O S U R E ®
[ J

N

A INFRASTRUCTURE
Valley scale

Italy- Tuscany- Lucca- Garfagnana AnalySiS based on type
of roads (width)

EXPOSURE

Exposure Garfagnana
Road Classification Garfagnana Valley
— Highways
—— Main Extra Urban Roads
— Secondary Extra Urban Roads
—— Urban Roads

Neighborhood Streets

Local Roads

Coordinate Reference SyStem:
EPSG:3003 Monte Mario-Italy Zone q
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Exposure Analysis of Schools in Garfagnana Ex P O S U R E *
[ ]

N SCHOOLS

Valley scale

Analysis based on
Italy- Tuscany- Lucca- Garfagnana ) .
schools’ location

EXPOSURE

Exposure Garfagnana

€ Schools in Garfagnana Valley
Adminstrative layers

[ ] Garfanana valley municipalities

Coordinate Reference System:
EPGS:3003 Monte Mario-Italy zone1
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COMBINED
EXPOSURE

ANALYSIS
Valley scale

Analysis based on:

« Population Density
« Building Density

* Road

Garfagnana Exposure assessment based on combination of Road, Building destribution and Population of area

R

0 7.5 15 22.5 30 km

Coordinate Reference System:
EOSG:3003 Monte Mario-ltaly Zone

N

Italy- Tuscany- Lucca- Garfagnana

EXPOSURE
Exposure Garfagnana
Road Classification Garfagnana Valley
—— Highways
—— Main Extra Urban Roads
—— Secondary Extra Urban Roads
— Urban Roads
Neighborhood Streets
Local Roads
Exposure in Garfagnana Valley (population + buildings)
[ ] Very Low Exposure
[ ] Low Exposure
[] Medium Exposure
I High Exposure
I Very High Exposure
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EXPOSURE ANALYSIS

Municipalities scale

Population Exposure Building Exposure

Exposure assessment in four municipalities (Castlenouvo, Careggine, San Romano, Piazza Al Serchio) Exposure assessment in four municipalities (Castlenouvo, Careggine, San Romano, Piazza Al Serchio)
based on Population distribution based on Building Distribution

N N

Italy- Tuscany- Lucca- Garfagnana-
Castlenouvo, Careggine, San Romano,
Piazza Al Serchio

Italy- Tuscany- Lucca- Garfagnana-
Castlenouvo, Careggine, San Romano,
Piazza Al Serchio

EXPOSURE
Population
Population Density in Four Municipalities
Very Low Population Density
Low population Density
Medium Population Density
High Population Density

Medium Population Density
Very High Population Density . ) .
Coordinate Reference System: Coordinate Reference System: High P(_)pulatlon D.enswty ]
EPSG:3003 Monte Mario-ltaly zone 1 EPS(G:3003 Monte Mario-ltaly zone 1 Very High Population Density

EXPOSURE
Exposure for Municipalities Scale
Buildings
building_four_municipalities
Very Low Population Density
Low population Density

BR000

BEE{[]







PHYSICAL VULNERABILITY :

BUILDINGS

Assessment based on the

combination of buildings’

age, construction type, and

number of floor (height)

Physical Vulnerability for Buildings in Garfagnana

Factor Criteria Value
Before 1919 1.25
Aoe 1919 to 1945 05
Construction We'g?rtiil?rzzr'ng =
Type
RC Structures 1
1 floor 0.25
Height 2 floor 05
3 floor 0.75
4 floor 1

0 2.5 5 7.5 10 km
[ T ]

Coordinate Reference System:
EPGS:3003 Monte Mario-Italy zone1

Italy- Tuscany- Lucca- Garfagnana

Physical Vulnerability for Buildings in Garfagnana
[_1 No Buildings

[_] Low Physical Vulnerability

[ Medium Physical Vulnerability

Il High Physical Vulnerability
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PHYSICAL VULNERABILITY :
P O P U L AT I O N Physical Vulnerability for Population in Garfagnana
Valley scale

Italy- Tuscany- Lucca- Garfagnana

Physical Vulnerability for Population in Garfagnana based on age
[ 1 Medium Low Physical Vulnerability (15 - 39 yo)

[_1 Medium High Physical Vulnerability (40 - 54 yo)

I High Physical Vulnerability (55 - 74 yo)

Assessment based on the
populations’ age as below:

Factor Criteria Value
15 to 39 05 Bl Very High Physical Vulnerability (5 - 14 yo)
40 to 54 0.625 0 25 >
N
Age
55 to more than 74 1 Coordinate Reference System:
EPGS:3003 Monte Mario-ltaly zone1
less than 5 to 14 1.125
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Systemic vulnerability of roads in Garfagnana

Coordinate Reference System:
ESPG:3003 Monte Mario-Iltaly zone 1

SYSTEMIC

n VULNERABILITY

Italy-Tuscany- Lucca- Garfagnana

Physical Vulnerability

Systemic vulnerability for roads

[ ] Very low systemic vulnerability
[_] Low systemic vulnerability
] Medium systemic vulnerability
I High systemic vulnerability
Il Very igh systemic vulnerability

Adminstrative layers
[ ] Garfanana valley municipalities

Analysis based on the
combination of roads width
and the number of
population moving inside
and outside
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Systemic Vulnerability of Powerlines in Garfagnana

Coordinate Reference System:
EPGS:3003 Monte Mario-Italy zone1

N

Italy- Tuscany- Lucca- Garfagnana

SYSTEMIC

VULNERABILITY
Valley scale

The classification is based on
redundancy (alternatives)

Powerlines
— High Vulnerability

Low Vulnerability
Adminstrative layers

Systemic Vulnerability Garfagnana Valley

Medium Vulnerability

[ ] Garfanana valley municipalities
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SYSTEMIC VULNERABILITY
Valley scale

Hospital Systemic Vulnerability

Hospitals Systemic Vulnerability in Garfagnana based on redundancy

Coordinate Reference System:
ESPG:3003 Monte Mario-Italy zone 1

N

Italy- Tuscany- Lucca- Garfagnana

Schools’ Systemic Vulnerability

Systemic Vulnerability of Schools based on redundancy

VULNERABILITY
Systemic Vulnerability
Systemic Vulnerability Garfagnana

Hospitals in Garfagnana Valley
/\ Low Redundancy - High Systemic Vulnerability
A High Redundancy - Low Systemic Vulnerability
—— Roads Garfagnana Valley

Adminstrative layers

Lucca layers
[ Garfanana valley municipalities

0 2.5

7.5

Coordinate Reference System:
ESPG:3003 Monte Mario-Italy zone 1

Italy- Tuscany- Lucca- Garfagnana

VULNERABILITY

Systemic Vulnerability

Systemic Vulnerability Garfagnana

systemic vulnerability for schools

[] Low Redundancy - High Vulnerability

[] Medium Redundancy - Medium Vulnerability
[ High Redundancy - Low Vulnerability

Il Very High Redundancy - Very Low Vulnerability
— Roads Garfagnana Valley

Adminstrative layers

[] Garfanana valley municipalities
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Combined Systemic Vulnerability of Garfagnana Valley SYSTEM 'C

VULNERABILITY

Built Environment and
Critical Infrastructure

Analysis based on distance
Italy- Tuscany- Lucca- Garfagnana to pUbllC faCi“tieS and
lifelines

Systemic Vulnerability Garfagnana Valley

@ Hospital

A Helipad

Railways

H—+ Standard Railway Line
Main Roads

- = - Powerlines
Systemic Vulnerability Garfagnana Valley
[ 1 Low Systemic Vulnerability

[ ] Medium Systemic Vulnerability
[ High Systemic Vulnerability
B Very High Systemic Vulnerability

0 25 5 75 10km
L T |

Coordinate Reference System:
EPGS:3003 Monte Mario-Italy zone1
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Systemic Vulnerability assessment in Castlenouvo based on the important place accessibility to the

main roads of the area

0 1 F 3 4 km
L I ]

Coordinale Reference Syslem:
EPSG:3003 Monta Mario-ltaly Zane

® %

italy- Tuscany- Lucca- Garfagnana- Castlencuvo

VULNERABILITY
Systemic Vulnerability
Systemic Vulnerability Municipality Scale
Castelnuovo
©  Hospital in Castalnuovo
_] Police Station in Castelnuovo
Systesnic: Vulnerability in Castainuaves based on accessibdity tn Hospital
—1
— 2
Systesnic Vulnerability In Castsinuave based on accessibility i Prilos Station
1
— 2
[[—] Castlenouvo Municipality

SYSTEMIC

VULNERABILITY
Municipality scale
Castlenuovo

Analysis of roads based on hospital
and police station accessibility to
whole zone of the municipality
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systemic vulnerability assessment in Piazza al serchio based on important places

accessability to the main roads of the area

4] 1 2km
|

Coordinate Refarance System:
EPSG:3003 Monte Mario-ltaly Zone g

% &

[taly- Tuscany-Lucca-Garfagnana-Piazzaalserchio

Systemic Vulnerability Municipality Scale
PiazzaAlSerchio
& Hospital in Piazza Al Serchio
& police station in Piazza al serchio
Systemic Vulnerabiity in Plazea M Serchio besed on accessibiity to Hospital
1
— 2
Systemic Vulnerability in Parzs Al Serchio based on accessibiity o Police Station
1
— 2
Piazza Al Serchio Municipality

SYSTEMIC

VULNERABILITY

Analysis of roads based on
hospital and police station
accessibility to whole zone

of the municipality
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Social Vulnerability of Garfagnana Valley based on Educational Level

0 25 5 75 10km
[ T |

Coordinate Reference System:
EPGS:3003 Monte Mario-Italy zone1

N

Italy- Tuscany- Lucca- Garfagnana

Saocial Vulnerability - Education level
[ ] Low Social Vulnerability

] Medium Social Vulnerability
I High Social Vulnerability

SOCIAL

VULNERABILITY
Valley scale

Assessment based on the
educational level

Factor Criteria Value
Highly educated - Low social
. 1
vulnerability
Education Intermediate education - Medium 15
Level social vulnerability '
Lower degree education - High
. 2.5
vulnerability
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Garfagnana systemic and economic vulnerability assessment based on number of employeed people

25 0 25 G5Shm
| H B I

Coordinate Reference System:
EPSG:3003 Monte Mario-Italy Zone q

Italy-Tuscany-Lucca-Garfagnana

Economic Vulnerability - Number of Employee
[ ] Low Number of Employed

[ 1 Medium Low Number of Employed

[ Medium Number of Employed

B Medium High Mumber of Employed

Il High Number of Employed

ECONOMIC
VULNERABILITY
Valley scale

Analysis considering the
number of people employed
and unemployed as
representation for economic
assets

Methodology:
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Garfagnana systemic and economic vulnerability assessment based on density of enterprises

25 0 25 Skm
N

Coordinate Reference System:
EP3G:3003 Monte Mario-ltaly Zone q

Italy-Tuscany-Lucca-Garfagnana

Economic Vulnerability - Enterprise

[_| Low Density of Enterprises

[_] Medium Low Density of Enterprises
1 Medium High Density of Enterprises
I High Economic Density of Enterprises
Il Very High Density of Enterprises

ECONOMIC
VULNERABILITY
Valley scale

Analysis based on the density
of unit local enterprises as

representation for economic
assets
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Garfagnana systemic vulnerability assessment based on social economic vulnerability

25 0 25 5hkm
AN

Coordinate Reference System:
EPS(G:3003 Monte Mario-Italy Zone q

SOCIO-ECONOMIC

ltaly-Tuscany-Lucca-Garfagnana

Sodal-Economic Vulnerability In Garfagnana Valley
[ Low Saclal Economie Vulnerability

] Medium Low Social Economic Vulnerability
[ Medium Social Economic Vulnerability

I Medium High Social Economic Vulnerability
Il High Sodial Economic Vulnerability

VULNERABILITY
Valley scale
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PHYSICAL DAMAGE

Physical Damage Scenario of Garfagnana

0 25 5 75
I .

Coordinate Reference System:
EPGS:3003 Monte Mario-Italy zone1

N

Italy- Tuscany- Lucca- Garfagnana

Physical Damage Scenario

[ Low Physical Damage

[ ] Medium Low Physical Damage
[ Medium Physical Damage

B Medium High Physical Damage
I High Physical Damage

SCENARIO

For physical damage scenario we
considered a combination of

Physical Vulnerability and Hazard
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SYSTEMIC DAMAGE

Systemic Damage Scenario of Garfagnana S C E N A R I O
N

From the PRYSICANDaRMEGE!
SEERare, we can obtain

systemic damage scenario
by combining it with the

Italy- Tuscany- Lucca- Garfagnana

Systemic Damage Scenario

[ Low Physical Damage

[_] Medium Low Physical Damage
[ Medium Physical Damage

B Medium High Physical Damage
B High Physical Damage

Coordinate Reference System:
EPGS:3003 Monte Mario-Italy zone1
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MITIGATION MEASURES
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Garfagnana Shelters

Coordinate Reference System:
EPSG:3003 Mente Mario-Italy zone 1

Italy- Tuscany- Lucca- Garfagnana-
Castlenouvo, Careggine, San Romano,
Piazza Al Serchio

Adminstrative layers

Lucca layers
@ shelter

[ | Garfanana valley municipalities
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