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Summary
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Develop	and	systema/ze	a	mul/-hazard	assessment	

•  Define	the	two	most	impacGul	hazards	
(Urban	Heat	Island	and	Flood)	

•  Collect	and	harmonize	exis$ng	hazard	data	
for	the	priori$zed	hazards.	

	
•  Using	the	results,	develop	a	mul$-hazard	

representa$on	and	characteriza$on.		

•  Develop	an	exposure	inventory	of	cri$cal	infrastructure	and	residen$al	and	commercial	
areas.	

•  Develop	the	loss	calcula$on	for	the	popula$on	porGolio	and	residen$al	areas.			

•  Develop	the	technical	and	ins$tu$onal	mainstreaming	process	for	the	exposure	and	loss	
informa$on,	in	order	to	beQer	inform	the	strategic	planning	process.	

Exposure	assessment	
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Urban Heat Island - Concept

3	



Mul$-Hazard	Exposure	Assessment	for	the	Turin	Adapta$on	Strategy	March	2017	

Historical Heat Waves
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•  Analysis of maximum temperature recorded by network of meteorological 
staAons around Torino (ARPA and SMI)

•  SelecAon of heat wave events with available satellite data

Extreme	Event	Dates	
11	August	2003	 23	August	2011	
23	July	2004	 22	August	2012	
21	July	2006	 6	July	2015	
22	July	2006	 22	July	2015	
20	August	2009	 7	August	2015	
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Historical Heat Waves
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Maximum	
Temperature	(°C)	

Name	 8/
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/2
00
3	

7/
21
/2
00
6	

7/
22
/2
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Bric	Della	Croce	 34	 31.4	 30.2	
Caselle	Aeroporto	 37.1	 35.5	 34	
Pino	Torinese	 36.4	 33.7	 34.4	

Venaria	Ceronda	 39.1	 36.3	 34.5	
Torino	Reiss	Romoli	 		 36.1	 35	

Torino	Alenia	 		 35.6	 35.4	
Brandizzo	Malone	 		 35.5	 35.6	

Torino	Via	Della	Consolata	 		 36.8	 36.1	
Rivoli	La	Perosa	 		 35.4	 36.9	

Bauducchi	 38.2	 34.9	 37	
Torino	Vallere	 39.7	 36.7	 37	

Torino	Is$tuto	Di	Fisica	
Dell'universita'	 39.4	 36	 37.5	

Torino	Giardini	Reali	 		 36.6	 39.5	
Torino	Sede	Iupo	C.So	

Bolzano	 39.7	 36.5	 		
Torino	Buon	Pastore	 40.6	 		 		

Torino	Italgas	 		 		 		
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Historical Heat Waves
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•  Mapping of Historical 
Extreme events

•  InterpolaAon with data 
available
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Satellite Imagery
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•  Landsat and ASTER satellites collect visible, near-infrared, and thermal 
bands

•  Processing of imagery to calculate land cover, vegetaAon density, and 
surface temperature

False	color	composite	(2006)	 Simplified	land	cover	(2006)	
purple	=	developed,	green	=	vegetated,	blue	=	water	
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Surface temperature 
22 July 2015
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Industrial	area	

River	
+park	
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Urban	Heat	Island	-	concept	
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Urban	Heat	Island	-	concept	
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Urban	Heat	Island	-	concept	

22	luglio	2015	
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Urban	Heat	Island	-	concept	
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Urban	Heat	Island	-	concept	
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Urban	Heat	Island	-	concept	

22	luglio	2015	
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Analysis validaAon

•  Calculated difference 
between satellite-derived 
temperature and readings 
from meteorological 
staAons (see right)

•  Satellite analysis results 
highlight hoRer areas in 
industrial zones and cooler 
areas with open water and 
vegetaAon
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Urban Heat Island Hazard

•  Low hazard: temperature within 
one standard deviaAon of the mean

•  Moderate hazard: temperature 
between one and two standard 
deviaAons above the mean

•  High hazard: temperature greater 
than two standard deviaAons above 
the mean
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72%	

23%	

Land	Use	within	High	Hazard	Areas	

Industrial	

Residen$al	

Other	Buildings	

Paved	Area	

Agriculture	

Vegeta$on	

Forest	

Water	
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Temperature by Land Use 
(average of 2006 & 2015)
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LAND	USE	 TYPE	
AVERAGE	
TEMP.	(°C)	 AREA	(HA)	

BUILDING	COMMERCIAL	 41.52	 757.03	
RESIDENTIAL	 39.21	 1930.73	

GREEN	
SPACE	

SCHOOL	AREA	 39.25	 186.22	
FLOWERBED	 38.38	 63.43	
TREES	SQUARE	 38.32	 31.46	
GARDENS	 38.10	 252.37	
GREEN	AREAS	NOT	IDENTIFIED	 38.09	 69.30	
GREEN	SPORTIVE	AREAS	 38.08	 12.77	
TREES	AVENUE	 38.06	 179.96	
PARK	 34.33	 543.95	
FLUVIAL	ROUNDS	 32.58	 22.96	
WOOD	 29.12	 60.79	

WATER	 RIVERS	 31.43	 237.46	
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UHI in the industrial area
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•  3 C ° Temperature increase at a 
distance of 50m from industrial 
areas,

•  1 C ° at a distance between 50 and 
100 meters

•  48% of the city is under these 2 
buffer zones
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Flood Hazard

Source Dire^va Alluvioni 
2007/60/CE
 
•  Between 20 and 50 years, 

frequent floods
•  Between 100 and 200 years, 

low frequent floods
•  For 500 years, rare floods.
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MulA Hazard

The results of the urban heat island 
analysis were combined with the fluvial 
inundaAon zones to determine areas of 
overlap, where residents and businesses 
may be exposed to both flooding and 
extreme heat.
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MulA Hazard
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Exposure and Vulnerability 
assessment

22	

Indicators	 Source	 Category	 Type	of	hazard	
Exposure	

1	Popula)on		
1.1	Over	65	 ISTAT	 P27+	28+	29	 UHI,	Flood,	Mul$	
1.2	Under	5	 ISTAT	 P14	 UHI,	Flood,	Mul$	
1.3	Women	over	65	 ISTAT	 (P27+	28+	29)-(P45	+	P43	+	P44)	 UHI,	Mul$	
2	Physical	

2.1	Hospitals	and	health	center	 GEOPORTALE	 UHI,	Flood,	Mul$	
Vulnerability	

3	Social	
3.1	Elementary	educa$on	 ISTAT	 P50	 UHI,	Flood,	Mul$	
3.2	Unemployment	 ISTAT	 P128	 UHI,	Flood,	Mul$	
3.3	Living	alone	 ISTAT	 P6+	P7	+	P8	 UHI,	Flood,	Mul$	
4	Physical	

4.1	Building	age	ager	1960	 ISTAT	 E11	+	E12	+E13	+	E14	+	E15	+E16	 UHI,	Mul$	
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Urban heat Island 
Human Exposure
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•  Scenario M and H
•  PopulaAon Over 65
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Flood 
Physical Exposure
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	 UHI	 Floods	 Mul$-

hazard	

Hospitals	 24	 6	 5	

Administra$ve	services	 133	 22	 7	

Social	care	service	 93	 16	 23	

School	 444	 53	 65	

Comercial	 23.503	 2.458	 1.426	
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Urban heat Island 
Social vulnerability
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•  Scenario M and H
•  PopulaAon Unemployment


