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“Air pollution poses the largest environmental health risk in Europe today”

European Environment Agency, 2015
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Italy has the highest rate of 

death related to air pollution in 

Europe

European Environment Agency, 2015

almost 20 % 
of deaths

in Italy
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NO2 NITROGEN
DIOXIDE

LIMIT VALUE
40

city ng/mc
1 Torino 52.3

2 Roma 49.1

3 Milano 47.7

4 Trieste 47.0

PM10 PARTICULATE
MATTER

LIMIT VALUE
35

city days
1 Frosinone 115

2 Pavia 114

3 Vicenza 110

4 Milano 101

5 Torino 99

Turin is one of the four most 

polluted cities in Italy

Mal’Aria, 2016
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Nitrogen Dioxide

Particulate Matter 10

Particulate Matter 2.5

Average wind speed

N

S

EO

Car sharing

Speed control

Bike sharing

Public transportation

2.06 m/s

R E C E P T O R 
S I T E

D I S P E R S I O N

S O U R C E S

problem analysis

30

30
30

3030303030
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urban 
boundary 

layer

urbansuburban suburban ruralrural

urban 
canopy rural 

boundary
layer

urban 
“plume”

sources: Oke, J. (1987). Boundary Layer Climate

Scales of air pollution

Urban designer work with more than two extreme 

scales, intermediate scales are needed.
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area of control

area of effect
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URBAN DESIGN
area of control

area of effect
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AIR 
POLLUTION

URBAN 
DESIGN
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The aim is to understand the relation between air pollution 

and the built environment and developing an interscalar approach.
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How can urban design mitigate air pollution in the city of Turin?

research question
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03
t h e o r y   a n d 
a n a l y s i s 
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most vulnerable areas in Turin

scales of air pollution

i d e n t i f y
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Source Dispersion Receptor Site Measurament Unit Aggregation Unit Impact RateWorkability Theoretical Framework

Pollutants
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L1

TrafficL5

L2 Land Use

+    Built environment
+    Forests
+    Agricultural land

L2

Polulation

+    Density
+    Age

L10L10

Land Use

+    Residential
+    Touristic
+    Commercial
+    Mixed Use
+    Production 
       Industrial
+    Green Areas
+    Services

Wind

+    Direction
+    Speed

Density

+    FSI
+    GSI

Roughness

+

+

L4

L3Terrain L3

L6Vegetation

L7

L8

L9

L6

derived from problem statementto be discovered

to be discovered

to be discovered

to be discovered

to be discovered

to be discovered

to be discovered

to be discovered

to be discovered

to be discovered

municipality

-

-

-

neighborhoods subunit

-

-

buildings

building - block

neighborhood - neighborhood subunit

various (different for each 
pollutant)

[-]

[-]

[-]

Intensity (avarage number)

[-]

meters [m]
angles [degree]

meters [m]

qm/qm

Inhabitants for 
squared kilometer [inh/skm]
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derived from problem analysis

matrix of analysis
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Green and blue 
infrastructure

Industrial areas - 
province

Terrain

Population age

Roughness

Terrain - 
municipality

Land use

GSI

Population 
density

FSI

Urban 
vegetation

Traffic
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vulnerability x hazard 

potentially damaging physical event

(UN, 2004)

an inherent property of a system arising 
from its internal characteristics

(Adger, 1999; Adger and Kelly, 1999).

risk-hazard approach

risk assessment
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vulnerabilityreceptor

hazardsources

riskpollution

risk assessment
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highly congested roads
congested roads
areas with the highest rate of cars
areas with high rate of cars

people under 14 and above 60 y.o. > 60 %
people under 14 and above 60 y.o. 50 - 30 % 
people under 14 and above 60 y.o. < 30 %
healthcare and education infrastructure

0 2 4km 0 2 4km

Hazard Vulnerability
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very high
high
medium
low
very low

Risk

0 2 4km
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cit turin

barriera 
di milano

piazza vittorio

corso vittorio

poveri vecchi

lingotto

sites of intervention

0 2 4km
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Dispersion
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L3Terrain L3
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0.00 - 0.20
0.21 - 0.40 
0.41 - 0.60
0.61 - 0.80
0.81 - 1.00

0.00 - 2.21
2.21 - 4.42
4.42 - 6.63
6.63 - 8.84
8.84 - 11.00

GSI

Urban 
fabric

piazza vittorio barriera di milano lingotto poveri vecchi cit turin corso vittorio

FSI

H/W > 0.1 
0.1 > H/W > 0.7
H/W > 0.7

S - Services
R1 - Residential 1
R2 - Residential 2
R3 - Residential 3
M - Mixed

Green Areas
Trees

Roughness

Land use

Vegetation

sites of intervention

|  t h e  i s s u e  |  s c o p e  a n d  r e s e a r c h  q u e s t i o n  |   t h e o r y  a n d  a n a l y s i s  |  d e s i g n  i n t e r v e n t i o n s  |  c o n c l u s i o n s  |
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0.00 - 0.20
0.21 - 0.40 
0.41 - 0.60
0.61 - 0.80
0.81 - 1.00

0.00 - 2.21
2.21 - 4.42
4.42 - 6.63
6.63 - 8.84
8.84 - 11.00

GSI

Urban 
fabric

piazza vittorio barriera di milano lingotto poveri vecchi cit turin corso vittorio

FSI

H/W > 0.1 
0.1 > H/W > 0.7
H/W > 0.7

S - Services
R1 - Residential 1
R2 - Residential 2
R3 - Residential 3
M - Mixed

Green Areas
Trees

Roughness

Land use

Vegetation

sites of intervention
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sites of intervention
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+ social and climate analysis
+ design proposal
+ evaluation
+ implementation

design approach

|  t h e  i s s u e  |  s c o p e  a n d  r e s e a r c h  q u e s t i o n  |   t h e o r y  a n d  a n a l y s i s  |  d e s i g n  i n t e r v e n t i o n s  |  c o n c l u s i o n s  |



32 / 81

|  t h e  i s s u e  |  s c o p e  a n d  r e s e a r c h  q u e s t i o n  |   t h e o r y  a n d  a n a l y s i s  |  d e s i g n  i n t e r v e n t i o n s  |  c o n c l u s i o n s  |

p i a z z a  v i t t o r i o
so

ur
ce

: d
er

iv
ed

 fr
o

m
 h

tt
p

:/
/w

w
w

.g
az

ze
tt

at
o

rin
o

.it
/s

em
p

re
-p

iu
-t

o
rin

o
-n

el
la

-9
9e

si
m

a-
ed

iz
io

ne
-d

el
-g

iro
-d

ita
lia

/



33 / 81 piazza vittorio

so
ur

ce
: a

ut
ho

r

so
ur

ce
: a

ut
ho

r
so

ur
ce

: f
ra

m
e 

d
er

iv
ed

 fr
o

m
 h

tt
p

s:
//

w
w

w
.y

o
u-

tu
b

e.
co

m
/w

at
ch

?v
=

hl
A

k7
d

N
Q

7u
E

|  t h e  i s s u e  |  s c o p e  a n d  r e s e a r c h  q u e s t i o n  |   t h e o r y  a n d  a n a l y s i s  |  d e s i g n  i n t e r v e n t i o n s  |  c o n c l u s i o n s  |



34 / 81 analysispiazza vittorio

Uses

0 40 80m

N

S

E

O

30

|  t h e  i s s u e  |  s c o p e  a n d  r e s e a r c h  q u e s t i o n  |   t h e o r y  a n d  a n a l y s i s  |  d e s i g n  i n t e r v e n t i o n s  |  c o n c l u s i o n s  |



35 / 81

under 0.20
0.20 - 0.40
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0.80 - 1.00

1.00 - 1.20
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2.40 - 2.60
2.60 - 2.80
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above 3.80

Wind Speed [m/s]

analysispiazza vittorio
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climate analysis 
benches

air fi ltration
water retention

data generation

design objectivespiazza vittorio

climate analysis 
benches
air fi ltration
water retention
data generation
infl uence wind turbulences
increasing social awareness
adding new functions and spatial
 
quality

green city walls piazza vittorio walls
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space 
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passive
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under 0.20
0.20 - 0.40
0.40 - 0.60
0.60 - 0.80
0.80 - 1.00

1.00 - 1.20
1.20 - 1.40
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Wind Speed [m/s]

curvy and continuouscurvy and scatteredlinear and continuouslinear and scatteredcurrent
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PM10 Concentration [mcg/m3]
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outdoors activities wind fl ow patterns pavement grid arcade grid
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outdoors activities

wind fl ows pattern

pavement grid

arcades grid
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fi xed, 50 % module A

bars

resting

resting

infopoints

charging points

charging points

playgrounds

street vendors

charging points

restaurants

cafè

leisure points

leisure points

leisure points

implementationpiazza vittorio
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market

exhibitions

open air cinema

implementationpiazza vittorio
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barriera di milano
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S - Services
R1 - Residential Type 1
R2 - Residential Type 2
R3 - Residential Type 3
M - Mixed
Grocery stores
All the others

Land use

analysisbarriera di milano
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under 0.20
0.20 - 0.40
0.40 - 0.60
0.60 - 0.80
0.80 - 1.00

1.00 - 1.20
1.20 - 1.40
1.40 - 1.60
1.60 - 1.80
1.80 - 2.00

2.00 - 2.20
2.20 - 2.40
2.40 - 2.60
2.60 - 2.80
2.80 - 3.00

3.00 - 3.20
3.20 - 3.40
3.40 - 3.60
3.60 - 3.80
above 3.80

Wind Speed [m/s]

analysisbarriera di milano
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affecting wind fl ow patterns

design objectivesbarriera di milano

providing green spaces
providing public spaces
new spatial quality and values
increasing social awareness

spatial 
qualities

air pollution 
mitigation
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current green crosses

PM10 Concentration [mcg/m3]

under 1.00
1.00 - 2.00
2.00 - 3.00
3.00 - 4.00
4.00 - 5.00

5.00 - 6.00
6.00 - 7.00
7.00 - 8.00
8.00 - 9.00
9.00 - 10.00

10.00 - 11.00
11.00 - 12.00
12.00 - 13.00
13.00 - 14.00
14.00 - 15.00

15.00 - 16.00
16.00 - 17.00
17.00 - 18.00
18.00 - 19.00
above 19.00

under 0.20
0.20 - 0.40
0.40 - 0.60
0.60 - 0.80
0.80 - 1.00

1.00 - 1.20
1.20 - 1.40
1.40 - 1.60
1.60 - 1.80
1.80 - 2.00

2.00 - 2.20
2.20 - 2.40
2.40 - 2.60
2.60 - 2.80
2.80 - 3.00

3.00 - 3.20
3.20 - 3.40
3.40 - 3.60
3.60 - 3.80
above 3.80

Wind Speed [m/s]
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under 0.20
0.20 - 0.40
0.40 - 0.60
0.60 - 0.80
0.80 - 1.00

1.00 - 1.20
1.20 - 1.40
1.40 - 1.60
1.60 - 1.80
1.80 - 2.00

2.00 - 2.20
2.20 - 2.40
2.40 - 2.60
2.60 - 2.80
2.80 - 3.00

3.00 - 3.20
3.20 - 3.40
3.40 - 3.60
3.60 - 3.80
above 3.80

Wind Speed [m/s]

porositychannelingislandgreen courtyardscurrent

evaluation    blocksbarriera di milano

|  t h e  i s s u e  |  s c o p e  a n d  r e s e a r c h  q u e s t i o n  |   t h e o r y  a n d  a n a l y s i s  |  d e s i g n  i n t e r v e n t i o n s  |  c o n c l u s i o n s  |

N

S

E

O

30

PM10 Concentration [mcg/m3]
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1.00 - 2.00
2.00 - 3.00
3.00 - 4.00
4.00 - 5.00

5.00 - 6.00
6.00 - 7.00
7.00 - 8.00
8.00 - 9.00
9.00 - 10.00

10.00 - 11.00
11.00 - 12.00
12.00 - 13.00
13.00 - 14.00
14.00 - 15.00

15.00 - 16.00
16.00 - 17.00
17.00 - 18.00
18.00 - 19.00
above 19.00



|  t h e  i s s u e  |  s c o p e  a n d  r e s e a r c h  q u e s t i o n  |   t h e o r y  a n d  a n a l y s i s  |  d e s i g n  i n t e r v e n t i o n s  |  c o n c l u s i o n s  |

55 / 81

under 0.20
0.20 - 0.40
0.40 - 0.60
0.60 - 0.80
0.80 - 1.00

1.00 - 1.20
1.20 - 1.40
1.40 - 1.60
1.60 - 1.80
1.80 - 2.00

2.00 - 2.20
2.20 - 2.40
2.40 - 2.60
2.60 - 2.80
2.80 - 3.00

3.00 - 3.20
3.20 - 3.40
3.40 - 3.60
3.60 - 3.80
above 3.80

Wind Speed [m/s]

porositychannelingislandgreen courtyardscurrent

evaluation    blocksbarriera di milano
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5.00 - 6.00
6.00 - 7.00
7.00 - 8.00
8.00 - 9.00
9.00 - 10.00

10.00 - 11.00
11.00 - 12.00
12.00 - 13.00
13.00 - 14.00
14.00 - 15.00

15.00 - 16.00
16.00 - 17.00
17.00 - 18.00
18.00 - 19.00
above 19.00
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street gardening

Municipality of Turin

Schools
Inhabitants

streets closing

Municipality of Turin

park implementation
Municipality of Turin

phase I

phase II

phase III
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street gardening

Municipality of TurinMunicipality of TurinMunicipality of T

Schools
Inhabitants

streets closing

Municipality of Turin

park implementation
Municipality of TurinMunicipality of TurinMunicipality of T

phase I

phase II

phase III
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street gardening

Municipality of Turin

Schools
Inhabitants

streets closing

Municipality of TurinMunicipality of TurinMunicipality of T

park implementation
Municipality of TurinMunicipality of TurinMunicipality of T

phase I

phase II

phase III
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street gardening

Municipality of TurinMunicipality of TurinMunicipality of T

Schools
Inhabitants

streets closing

Municipality of TurinMunicipality of TurinMunicipality of T

park implementation
Municipality of Turin

phase I

phase II

phase III
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semi-public private
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c o r s o  v i t t o r i o
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under 0.20
0.20 - 0.40
0.40 - 0.60
0.60 - 0.80
0.80 - 1.00

1.00 - 1.20
1.20 - 1.40
1.40 - 1.60
1.60 - 1.80
1.80 - 2.00

2.00 - 2.20
2.20 - 2.40
2.40 - 2.60
2.60 - 2.80
2.80 - 3.00

3.00 - 3.20
3.20 - 3.40
3.40 - 3.60
3.60 - 3.80
above 3.80

Wind Speed [m/s]

analysiscorso vittorio
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under 1.00
1.00 - 2.00
2.00 - 3.00
3.00 - 4.00
4.00 - 5.00

5.00 - 6.00
6.00 - 7.00
7.00 - 8.00
8.00 - 9.00
9.00 - 10.00

10.00 - 11.00
11.00 - 12.00
12.00 - 13.00
13.00 - 14.00
14.00 - 15.00

15.00 - 16.00
16.00 - 17.00
17.00 - 18.00
18.00 - 19.00
above 19.00
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current separation one line (upwind)
one line 

(downwind)
one line 

(in the centre) no trees

under 0.20
0.20 - 0.40
0.40 - 0.60
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0.80 - 1.00

1.00 - 1.20
1.20 - 1.40
1.40 - 1.60
1.60 - 1.80
1.80 - 2.00

2.00 - 2.20
2.20 - 2.40
2.40 - 2.60
2.60 - 2.80
2.80 - 3.00

3.00 - 3.20
3.20 - 3.40
3.40 - 3.60
3.60 - 3.80
above 3.80

Wind Speed [m/s]
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current separation one line (upwind)
one line 

(downwind)
one line 

(in the centre) no trees

under 0.20
0.20 - 0.40
0.40 - 0.60
0.60 - 0.80
0.80 - 1.00

1.00 - 1.20
1.20 - 1.40
1.40 - 1.60
1.60 - 1.80
1.80 - 2.00

2.00 - 2.20
2.20 - 2.40
2.40 - 2.60
2.60 - 2.80
2.80 - 3.00

3.00 - 3.20
3.20 - 3.40
3.40 - 3.60
3.60 - 3.80
above 3.80
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2.00 - 3.00
3.00 - 4.00
4.00 - 5.00

5.00 - 6.00
6.00 - 7.00
7.00 - 8.00
8.00 - 9.00
9.00 - 10.00

10.00 - 11.00
11.00 - 12.00
12.00 - 13.00
13.00 - 14.00
14.00 - 15.00

15.00 - 16.00
16.00 - 17.00
17.00 - 18.00
18.00 - 19.00
above 19.00
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streets closing

street gardening

public space 

park implementation

private space 

vacant plots

dismissed industries

TODAY 3 MONTHS 6 MONTHS 1 YEAR 3 YEARS

existing blocks

Municipality of Turin

Schools

Inhabitants

Inhabitants

Municipality of Turin

Municipality of Turin

Enterpreneurs

Municipality of Turin

Municipality of Turin

Municipality of Turin

Private investors

Private investors

Enterpreneurs

timeline and actors designs
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very high
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medium
low
very low

Risk
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Porosity intervention - Urgent need
Green Crosses - Urgent need

Design 
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0 2 4km

Porosity intervention - Urgent need
Green Crosses - Urgent need
Porosity intervention - Possible sites
Green Crosses - Possible sites
Removal of downwind trees lines
Existing bikelanes

Design 
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systemic effect
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PM10 Concentration [mcg/m3]

under 1.00
1.00 - 2.00
2.00 - 3.00
3.00 - 4.00
4.00 - 5.00

5.00 - 6.00
6.00 - 7.00
7.00 - 8.00
8.00 - 9.00
9.00 - 10.00

10.00 - 11.00
11.00 - 12.00
12.00 - 13.00
13.00 - 14.00
14.00 - 15.00

15.00 - 16.00
16.00 - 17.00
17.00 - 18.00
18.00 - 19.00
above 19.00

under 0.20
0.20 - 0.40
0.40 - 0.60
0.60 - 0.80
0.80 - 1.00

1.00 - 1.20
1.20 - 1.40
1.40 - 1.60
1.60 - 1.80
1.80 - 2.00

2.00 - 2.20
2.20 - 2.40
2.40 - 2.60
2.60 - 2.80
2.80 - 3.00

3.00 - 3.20
3.20 - 3.40
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above 3.80

Wind Speed [m/s]

current porosity - upscaled
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The  design interventions do not only 

build a thorough interscalr approach 

able to mitigate air pollution, but they 

also add spatial values to the space.

refl ection



thank you.


