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I'adattamento climatico e la gestione dell'emergenza
Giulio Zuccaro, Universita di Napoli Federico Il - Centro Studi PLINIVS



Uragano Katrina, 2005 _ Tsunami Indonesia, 2018 Terremoto Haiti, 2010
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Hurricane Florence - 18 Jan, Europe
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LOSS EVENTS | Winter Storm Friederike 3"““ SG=_

Earthquake

18 Jun, Japan

Overall losses: US$ 7bn
= Fatalities: 4

Typhoon Jebi

1 -6 Sep, Japan

Overall losses: US$ 12.5bn
Fatalities: 17

3 - 28 Sep, Indonesia
Ry " ¥ Overall losses: US$ 1.5bn
Fatalities: 2,102

Hurricane Michael
8 — 10 Oct, United States, Cuba
Overall losses: US$ 16bn

Fatalities: 45
@ Geophysical events @ Meteorological events Hydrological events Climatological events (O Catastrophes
Earthquake, tsunami. Tropical storm, extratropical storm, Flood, mass movement S Extreme temperature, © Small, medium and large loss events
volcanic activity convective storm, local storm drought, wildfire

f;ﬁiﬁi?}% FONTE: Muchich Re, NatCatSERVICE, 2019: https://www.munichre.com/site/corporate/get/params E-

1484416526 Dattachment/1744638/2019 Jan-Jun worldmap.pdf
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Figure 8: Map of natural events recorded in the EM-DAT catalogue and grouped according to the geography of Figure 9: Percentage distribution of fatalities and affected (deaths, homeless, injured) for each type of natural event
Europe. Events (total 1402) are from 1903(earthquakes), 1906{volcanic and hydrogeological), 1928 (climatological), considered (1402 events recorded from 1903 - 2018).

1949 (wildfires). Events are not recorded based on intensity and losses. Source: EM-DAT catalogue, EEA.
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CENTRO STUDI A livello globale ed europeo esistono diverse iniziative, documenti di indirizzo e piani operativi per la
PLINIVS riduzione del rischio da disastri e per I'adattamento al cambiamento climatico




Qimate change adaptation
and Disaster risk reduction

different origins, common
goals

Integrating the Sendai
Framework for Disaster
Risk Reduction, the Paris
Agreement on climate

change, and the 2030

Sustainable Development
Agenda (Global Platform
for Disaster Risk Reduction)
is important to build a more
sustainable, resilient, and
equitable future.

DISASTER RISK
REDUCTION

Geophysical hazards
Earthquakes
Tsunamis
Landslides

Volcanic eruptions

Risk assessment
» Based mainly on
historical data

Long history
(over 1 000 years)

Climatic hazards
Storms, floods, landslides,
temperature extremes,
droughts, fires, efc.

Impacts
Deaths and injuries, population
shifts, loss of resources, security
and access to shelter, etc.

Clear political commitments:
SDGs, Paris Agreement, Sendai
Framework

Scope for coherence
in DRR & CCA towards
resilience

Need for an
inclusive approach:
‘All-of-states and all-of-society”
approaches

CLIMATE CHANGE

ADAPTATION

Slow onset events
+ Sea-level rise,
desertification, etc.

Non-disaster aspects of

CCA

* (including positive
benefits from climate
change)

Risk assessment
» climate risk models
and projections

Emerging topic
(since 1983)

Source: Adopted from (Coninx et al., 2016[21]).

Key commonalities and differences in disaster risk reduction
(DRR) and climate change adaptation (CCA)



Il contributo al prossimo programma di ricerca europeo

Cinque tematiche confluite nel programma di ricerca Horizon Europe
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Stress factors Availability on risk governance

National
agencies for
CCAand DRR

Mental health

Climate
issues. - inf

HUMAN BEHAVIOUR

Public-Private
Risk Partnerships:

Multi-national and
OVERCOMING THE _ ey o v
IMPLEMENTATION GAP Ampio spazio alle tematiche

IN DRR AND CCA Della RRD e ACC

Resilience of buildings
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RISK = HAZARD X EXPOSURE X VULNERABILITY

HAZARD : probability that in a specific area, a specific event occours during a
specific time;

EXPOSURE EVALUATION
buildings distribution on
the vulnerability classes
in the examined area

EXPOSURE: extension, quantity and quality of different element at risk
(population, buildings, infrastructure, economy, etc...) in the examined area,
likely to be affected by the event;

VULNERABILITY: the probability of elements at risk to show damage or
changes under effect of natural hazard;

HAzZARD VULNERABILITY For a given PGA value (for EXPOSURE SPECIFIC AREA: 1,000 BUILDINGD
Scenario: PGA is given by 100 : example 0.15 g) the Buildings distribution
shakemap; ' s o -
o . N A o : buildings distribution on on the vulnerability
Map: PGA is given, in a specific | : the level of damage for classes in the
point of ltalian map, by | ©9° "/ _+—""" each class can be examined area allows
probabilistic evaluations 0,00 nwimﬂ 030 0p 0 estimated. to evaluate number
EXAMPLE SHAKEMAP LAQUILA2009 oo ! A B ¢ of buildings for each
5 1
SPECIFICAREA _ B =« L DO | 23% 73% @ 83% vulnerability class. A B ¢ ToT
2 ek < 25 1 | [ 550*23% | 250*%73% 200*83% 427
class ° | Lo D1 | 28% | 27% @ 17% Exploiting, then, the po - > ’
Vo0 030 0 t t o * 6 %970 ¥
0,00 0.10:0.-0 030 0gg. g D2 22% | 13% 2% vulnerability curves, D1 | 550%28% . 250%27% _ 200*%17% | 224
( ! [ T D2 | 550%22% @ 250*13% 200*2% 186
__ T p3 | 18% 7% | 2% the ~number  of | -
/> NS C « : buildings for each | D3 | 550*18% 250*7% = 200*2% | 119
2/ e ' D4 8% 2% 0% level of dama ; - ' - | %
-——— class ; : | ! ge Is | p4 | 550*8% | 250%2% @ 200*0% 52
. . , _ _
CENTRO STUDI 0% 010020 030 ogiogry L 0> | 2% | 1% | 0% estimated D5 | 550%2%, 250*1% | 200*0% | 180

PLINLVS



CONDITIONAL DAMAGE MAP [TT = 475y]

Medium Damage

Suolo di tipo A Legenda Suolo di tipo B
[%]

[ 1 0.00-0.50
[ 0.50-1.00
B 100-1.50
[ ] 150-2.00
B 2.00-2.50
[ ] 2.50-3.00
[ 1] 3.00-3.50
[ ] 3.50-4.00
I 4.00-4.50
B 4.50-5.00
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Seismic and energy retrofitting of residential buildings: a simulation-
based approach. UPLanD - Journal of Urban Planning, Landscape &
environmental Design (con Zuccaro, G.), v. 1, n. 1, p. 11-25
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Terremoto

dettagli evento

Terremoto di origine vulcanica ai Campi Flegrei
Magnitudo: 4.2

Profondita epicentro: 3.2 Km

Perimetro aree studio Perimetro aree studio

Impatto sismico Impatto sismico
A edifici persi vittime
/a 0.001 - 0.005
> \\ 0.010 - 0.020
<L S 0.020 - 0.050 ol AL A < M 0.005-0.010
CENTRO STUDI B 0.050-0.100 B 0.010-0.020

PLINIVS Bl 0.100-0.209

B 0.020-0.053




Eruzione vulcanica

dettagli evento

Eruzione dei vulcani Vesuvio e Campi Flegrei
Tipo di eruzione: sub-pliniana

Occorrenza: 60 — 200 anni

Perimetro aree studio

O

Perimetro aree studio Impatto eruzione vulcanica

0 senza tetto
Impatto eruzione vulcanica 1.2
coperture collassate
0.5 -2 2-5
) o 5-10
//\ 5- 10 10 - 20
/ZAM B 10-20 20-50
CENTRO STUDI M 20-50 50 - 100

100 - 500

PLINLVS
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Ondata di calore

dettagli evento

Periodo: 2041-2070

Occorrenza: occasionale (5 volte in 30 anni)
Temperatura dell’aria: 41,5° C

Perimetro aree studio
Impatto da ondata di calore

costi di ospedalizzazione
attribuibili a andata di calore

B 0-500
500 - 1500
1500 - 2500
| 2500 - 4000
B > 4000

. _' "';' //

Perimetro aree studio
Impatto da ondata di calore

aumento di mortalita
attribuibile a ondata di calore

B basso (0% - 5%)
medio (5% - 8,5%)
B alto (8,5% - 12%)

Effetti del caldo sulla mortalith per causa
e

Poriastia e m0rs G°CL 0 16 A R are (parieeis ) wisale: J031-3001

wrn e #20.3%
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Allagamento pluviale

dettagli evento

Periodo: 2041-2070

Occorrenza: occasionale (5 volte in 30 anni)
Precipitazioni: 90mm

Perimetro aree studio

O

Impatto da allagamento
costi allagamento edifici

Perimetro aree studio

O

Impatto da allagamento
costi allagamento strade

B basso*(0- 30k) B basso
medio* (30k - 300k]) medio
B alto*() 300k M ato



Volcanic
Eruptions

Population | Killed | Killed Injuries | Injuries
Sequence | By Step | Cumul | Fired | Total |in the Area | by |(Cumula| ¢ =5 o0
% Steg tive Yo

BUILDINGS LOST | :

n. of buildings
collapsed
partial (D4)+total (D5)
collapses
B
1-2
25
Bls-10

B 0-20

[ ] red zone
[ ] bluzone

yellow zone

| Mubréitr:(i!pality

ers

PLINIVS centre
elaboration

Zuccaro, G., Leone, M.F. (2012). Building
technologies for the mitigation of volcanic
risk: Vesuvius and Campi Flegrei, Natural
Hazards Review, Vol. 13, Issue 3, pp. 221-
232



HAZARD and EXPOSURE

STRUCTURAL DAMAGE ECONOMIC DAMAGE

Coastal
Flood

| facciata colpita ~ SPD=2,18 !
S.448T.153

Legenda
Lageinia 4 ’ Fasce dl allagamento costa bassa per Tr = 100 an @ Ristarant
[ Fuuce & stagumentn costs bassa par Tr = 100 ans da i o d Il o data K sosala B e
4 T [ Aree i bassa suscetibina costa aita
[ sves o atmsuscutiomta cosa ate /. Danno economico atteso
e - b [ et coinveit per aiagamants & Tr-= 100 annl S rition
— [T i vl : I =i coinvet per suscetivina costaata i
- - PR Campeggl €25000001 - €800.00000

[0 € 10000001 - € 250.000.00

-mmwwumnmn
Limit eomunall

N*Stabilimentl bainear! nel transetio €500,000.01 - €1.000.000.00
for 1 < 100000001 - €2000.00000
R I > i 200000000
- Lim#ti comunall



DISASTER RISK, CLIMATE CHANGE AND ECOLOGICAL TRANSITION , ,
single or multiple element(s) at

RISK ASSESSMENT AND GOVERNANCE . _ : e e

single- or multi-risk risk, categorizedin
Leone, M.F. (2020). Vulnerability to natural hazards. In Losasso, M., Lucarelli, M.T., pr ili | =
Rigillo, M. (2020). Adapting to the Changing Climate. Knowledge Innovation for vulnerabi Ity classes
Environmental Design. Maggioli, Santarcangelo di Romagna. 77-82. I

RISK = HAZARD x EXPOSURE x VULNERABILITY

|

) : foreach element atrisk and
single- or multi-hazard .
hazard considered, expressed

through “vulnerability functions”

RISK ASSESSMENT FRAMEWORK

quantitative indicators

Consolidated approach for disaster risk assessment in the field of geophysical hazards (UNDRO, 1980, updated by the UNDRR 2017 Terminology), harmonized

in the context of climate change (IPCC-AR5, 2014).

as defined inthe “Risk
Assessment Framework”

T

RISK

RISK GOVERNANCE FRAMEWORK [:> RESILIENCE =
ADAPTIVE CAPACITY + COPING CAPACITY

+ TRANSFORMATIVE CAPACITY
'

DRR/CCA integration supporting the full DRM cycle

quantitative + qualitative indicators
Risk Governance Framework to support the full DRM cycle and support sustainable and resilient development pathways (elaborated from diverse sources).



Approccio Multi-risk & Cascading

MULTIRISK

ASSESSMENT

)y N
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Multi-risk approach

DATA AQUISITION SCENARIO ANALYSIS RISK ANALYSIS

MULTI-RISK ANALYSIS
EARTHQUAKE
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MULTI-RISK
ASSESSEMENT
FRAMEWORK
ELEMENTARY
BRICKS

Al o

NOo

Space:

Minimun Reference Unit,
MRU

Time: timeline

Hazard: spatial magnitude
of all hazards in timeline
Exposure: spatial
distribution of Vulnerability
classes at t,

Vulnerability: vulnerability
functions of each element
exposed under effect of
each single hazard
Dynamic vulnerability:
routine to update the
exposure

Damage: OUTPUT

Human behaviour: human
behaviour influence factor

Spatial distribution of

REFERENCE FRAME

A

[ HIMMRYT )

magni tude kA of all
hazards
(HO,HL, ..., HK, .., HR)

[VGe M (MRU) o

Spatial distribution at

starttime t of

" \ulnerability Classes
- | M of each element

Wulner abili ty
Functions of each
elementexposed

under effect of each

| VP20 E*rHy)] |

Time update atty of

E(ty)=f [D{ty)]

the exposure in
function of the

| damage occurredat |

~ T ™
— 1 [ MRU ]
SPACE ' . . .
(MINIMUM hunici pality, Census section, Cell of a gecgraphicgrid, ...
: REFERENCE UNIT,
A MRU ]
TIME Times{ty, &, v by oo L)
) : that characterize eachhazard of the chainof events.
INPUT
| HAZARDS |  EXPOSURE | | VULNERABILTY | VUE;J’:’R’“A“:'IETY
(H) (E) (V)

D, [(MRU)}

Time and spatial
distribution of
damage induced on
eachelement

8-

;| Ho=triggeringharard, exposed e (people, single Hazard Hk, time tyq exposed e by

i | Hk=associated hazards buil dings, ...} under cascading events.
effect of single
Hazard Hk.

-3- 4- o -5- -6-
M D N N AN o
L« ]
HUMAN Human behaviour influence factor
BEHAVIOUR
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» Risk (to reach the level damage “I")

» Scenario (to reach the level damage “I")

¢ VI,i,m
* Qn

probability of occurrence of the event characterized by magnitude “i”, in a given
time and in a given site.

probability to reach the damage level “I” for a vulnerability class “m”
percentage ofelement exposed ofclass “m”.
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Indlce di RISChIO (N° coIIassn in 250 x250m)

o

Rc = X7 ' Ne(g,) - (P, —

Ps+1} + Nﬂ(qn) - F,




Durata eruzione: 15 ore

0.3 8 22 35 46 57
0.5 10 26 39 50 60
0 1 2 3 4 5 6
P -
ol T
lﬁ 4
Ty e S
T
e, 3

Risk Map (AF)

75 92 10 HOMELESS [%]
0
77 92 10 ROOFS COLLAPSED [%)]
0
8 1 1 [h
0 5 ]

About 25% of roofs collapses
already after three hours, with
the significant achievement of
areas outside the Red 1 and Red 2
areas of the Vesuvius Emergency
Plan.

OPERATIVE ACTION

CENTRO STUDI

PLINLVS

The importance of
controlling the evolution of
phenomena in time and
space can no longer be
ignored.

Example: enlargement of
the Red zone of Vesuvius
causes high probability of
extensive ash fall resulting
in considerable damage
expected to buildings in a
few hours.
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FRATTAMAGGIORE ACERRA i i CASAMARCIANO
MARIGLIANELLA ; Balag
oyNaPOLIE AFRAGOLA BRUSCIANG N ~ VISCIANO
ARZANO 7 MARIGLIANO )
/ SAN'PAOLO BEL'SITO

POMIGLIAND D'ARCO N
SCISCIAND TAURN
casavatorg CASORIA SAVIANO  'Nora LivERl, PAGO DEL VALLO DI |f

VOLLA
DOMICELLA
5 . SOMMA VESUVIANA 3
LAANT-ANAS RASIA CARBONARA DINOLA | ;0
NAPOLI

CERCOLA
PALMA CAMPANIA

PD!_LEN.& TROCCHIA QuiNg

MASSA DI SOMMA OTTAVIAND —.

550.000+300.000 people

SAN GIORGIO A CREMANO

e SARNOD

PORTICI

BOGGIOMARIND
TERZIGNO

SAN VALENTINO TORIOHY

TORRE DEL GRECO
BOSCOTRECASE

TRECASE "\ BOSCOREALE

SAN MARZANO SULISARNO

NOCERA INF
Legenda SCAFATI
Nueova Zona Rossa Vesuvio
A PAGANI
I:] Zona Rossa 1 TORRE ANNUNZIATA POMPEI
[ Zona Rossa 2 N ANGRI
Comiini SANT'EGIDIO DEL MONTE ALB

SANT ANTONIO ABATE

CORBARA

ToAss,
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Comune di Ercolano, Italia
Rischio alluvione e isole di calore: misure di DRR & CCA

020 40 &0 80 00w
———

Escape routes
accessibility

Coupling emergency planning
with land use planning and
building regulations

@ public roads

pr N
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Q' L ‘\" “ *"‘. o0 %o e w0 i0em
_-

Zuccaro, G., Leone, M.F. (2014). The mitigation of
volcanic risk as opportunity for an ecological and
resilient city, TECHNE - Journal of Technology for
Architecture and Environment, 7, pp. 101-108.

@ private roads

@ strategic buildings
Q pedestrian accesses
@ sgreenareas

1”} new public roads
"} new pedestrian paths

i_} new escape routes

Building retrofitting
(seismic, volcanic,
energy, climate)

o overlapping sloped roof

i | wood floors strengthening
st steel floors strengthening
i masonry reinforcement

#5  r.c. structure reinforcement
‘et provisional CLT elements

¢ thermal insulation

# uphfrc suspended facade



Use Municipaity L'AQUILA (66049)

Addeg A9 D’

jeg. B D

jeg. C$ D’

Seismic and energy retrofitting of residential buildings: a simulation-
based approach. UPLanD - Journal of Urban Planning, Landscape &
environmental Design (con Zuccaro, G.), v. 1, n. 1, p. 11-25

Mitigation scenarios settings -

Financial variables settings

¥

TAX INCENTIVES
Seismic retrofitting (share) 65%
Seismic retrofitting (years) 10
Energy retrofitting (share) 50%
Energy retrofitting (years) 10
COST SHARING
Government contribution for Seismic

s 60%
retrofitting
Government contribution for Energy 20%

retrofitting

Mitigation scenario 1
Enhanced seismic improvement

B' C' D' D'Energyl D'Energy2
A 0% 30% 50% 0% 0%
B 0% 50% 0% 0%
& 50% 0% 0%

Mitigation scenario 2
Enhanced seismic improvement with
100% level 1 energy retrofit

B' C' D' D'Energyl D'Energy2
A 0% 30% 50% 100% 0%
B 0% 50% 100% 0%
C 50% 100% 0%

Mitigation scenario 3
Enhanced seismic improvement with
100% level 2 energy retrofit

B' o D' D'Energyl D'Energy2
A 0% 30% 50% 0% 100%
B 0% 50% 0% 100%
B 50% 0% 100%

Key “level 1” energy retrofitting actions
(-25% consumption)

Key “level 2” energy retrofitting actions
(-50% consumption)

e Thermal plaster application
e (lazing system substitution
¢ Roofinsulation

External insulation application
Glazing system substitution
Roof insulation

HVAC system substitution

Coupling seismic risk mitigation and energy efficiency




Comune di Poggiomarino, ltalia
Rischio eruzione vulcanica e isole di calore: misure di DRR & CCA

—
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ROOFING INSULATION

PRE-RETROFIT

GFA: 720 m?

Roof U-Value: 2.0 W/m?K

Energy consumption (heating): 87.893 kWh/y
Energy use intensity: 122 kWh/m?a

CO, emissions: 31 t/y

POST-RETROFIT

GFA: 840 m?

Roof U-Value: 0.2 W/mK

Energy consumption (heating): 43.875 kWh/y
Energy use intensity: 52 kWh/m?a

CO, emissions: 14 t/y

PHOTOVOLTAIC SYSTEM

TECHNICAL DATA
Power: 18 kWp
Energy production: 27.555 kWh/y

Average decay of Energy production: 0,9%/y

Azimut: 0; Tilt: 30

Annual energy consumption for lightning,
cooling and appliances: 28.000 kWh
Self-consumption share: 45%

Coupling Seismic, Volcanic and Energy Retrofitting

FINANCIAL AND ENERGY RESULTS

ROOFING INSULATION

Cost of intervention: 40.560 €

Fiscal incentives: 65%

Potential energy saving: 44.018 kWh/y

Fuel type: natural gas (0,9 €/mc)

Fuel saving: 4.428 mc/y (4.030 £/y)

25 year NPV: 83.092 €

25 year IRR: 16,2%

Cumulated cash flow (not discounted): 127.728 €
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PHOTOVOLTAIC SYSTEM

Cost of intervention: 33.000 € (1.833 €/kWP)
Incentives: 50% fiscal deduction+spot exchange rate
Energy production (kWh/y): 27.755

Cost of energy: 0,19 €/kWh

Annual increase in energy costs: 6%

25 year NPV: 122.447 €

25 year IRR: 25%

Cumulated cash flow (not discounted): 221.473 €
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Zuccaro, G., Leone, M.F. (2014). The mitigation of volcanic risk as
opportunity for an ecological and resilient city, TECHNE - Journal of
Technology for Architecture and Environment, 7, pp. 101-108.



Conclusioni

e La pianificazione territoriale per la resilienza multi-rischio richiede approcci di analisi
basati su scenari di simulazione in grado di quantificare gli impatti fisici ed economici
dovuti a rischi naturali (geofisici e climatici), tecnologici o natech.

e Strumenti e servizi avanzati consentono un processo di personalizzazione dei modelli e
dei loro output sulla base di esigenze specifiche degli stakeholder e delle comunita, al
fine di evidenziare le opportunita di integrazione di misure DRR e CCA a livello locale.

e Per supportare il processo decisionale e la programmazione dei finanziamenti, le
opzioni alternative di pianificazione (ordinaria e di emergenza), nonché le strategie di
riduzione del rischio e di adattamento climatico devono essere valutate attraverso
solide analisi multi-criterio e costi-benefici.

e Le valutazioni devono evidenziare i vantaggi delle opzioni di mitigazione e adattamento
non solo in rapporto alla riduzione degli impatti attesi rispetto alle diverse categorie di
hazard, ma anche in "tempo di pace", dimostrandone i co-benefici sociali, ambientali
ed economici.
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