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Figure 1.1

Howw air pollution relates to the UN Sustainable Development Goals
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Map 5.1 Concentrations of O; in 2015
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EUpopulationexposedo air pollutants

Table ES.1 Percentage of the urban population in the EU-28 exposed to air pollutant concentrations
above certain EU and WHO reference concentrations (minimum and maximum observed
between 2013 and 2015)
Pollutant EU reference value () Exposure estimate (%) WHO AQG (%) Exposure estimate (%)
DM, . Year (25) 7-8 Year (10)  m8
PM. 4 Day (20) 16-20 Year (20) 20-62
0, 8-hour (120) 7-30 8-hour (100) _
NO. Year (40) 719 Year (40) /-9
Bap Year (1) 20-25 Year (0.12) RL s
50, Day (125) <1 Day (20) 20-38
Key <5% 5-50 % 50-75 % [ 1w
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Alir pollution in Milan:emissionsources

NO, | PMi0
primario
N. : :
Macrosettore Tipologia Macrosettore % %
1 Produzione energia e trasformazione
combustibili 2,18 0,12
2 Combustione non industriale 24.01 10,86
3 Combustione nell'industria 1,51 2,94
4 Processi produttivi - 2,24
S Estrazione e distribuzione combustibili _ _
6 Uso di solventi 0,00 3.61
7 |Tespotosustada | s8ss5 | e4nn |
38 Altre sorgenti mobili e macchinari 7.63 5,61
9 Trattamento e smaltimento rifiuti 576 0,42
10 Agricoltura 0,06 0,42
11 Altre sorgenti e assorbimenti ) 9.66
Totale 100 % 100 %




Alir pollution in Milan: roadtraffic emissions

Tipologia veicoli Combustibile prinle;/lrilc?(t/y) NO,(t/y) PM10 (%) NO, (%)
Benzina senza piombo 3,01 251,04 0,68 5,24
GPL 0,00 50,80 0,00 1,06
Gas naturale 0,00 3,10 0,00 0,06
83,74 1090,80 22,76
Nessun combustibile 70,16 0,00 15,74 0,00
Benzina senza piombo 0,35 19,67 0,08 0,41
T e e 3303
Nessun combustibile! 41,60 0,00 9,33 0,00
Benzina senza piombo 0,00 0,30 0,00 0,01
T e e 35,64
Nessun combustibile! 24,93 0,00 5,59 0,00
Ciclomotori Benzina senza piombo 16,78 22,54 3,77 0,47
Nessun combustibile! 2,26 0,00 0,51 0,00
Motocicli Benzina senza piombo 11,88 63,60 2,66 1,33
Nessun combustibile! 4,94 0,00 1,11 0,00
Totale emissioni (t/y) 445,81 4793,64 100% 100%




Factorsanfluencingtraffic emission the driving cycle
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Vehicle wake (L,~0-20 m)



Built-up street canyon configurations
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Open road configurations
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Thelocalimpactof climatechange
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Excesdance rate (3]

Excesdance rate (3]
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CCdependentextremeweatherevents
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Climaticregionsin Europe

Source: Espbn 2013,.Climate Project



Climatechangeandair quality

Figure 2.6 Seasonal changes in precipitation and temperature up until the end of the
21st century, according to CLM scenario A1B
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CCadaptationstrategyin Lombardy

Climatechange evidences amifojections

2. Basi climatiche ’—

PRECIPITAZIONI -intensita a livello locale e spaziale-

POT Lombriasco 10min

— 10561002
A [ — r1ess2000

Distribuzione spaziale delle precipitazioni
annudli per il periodo 1961-1990

15
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2 1 0 I é
Reduced variate, log{ log(F )j
Cambiamento negli eventi estremi rispetto
agli ultimi 20 anni: stazione di Lombriasco
| e Vercelli. Fonte: Progefto STRADA

Distribuzi iale delle precipil
periodo 1961- 1990 Fonte: Progetfto STRADA. 2013

|

Exampleof climatic information presentedduring the workshops
Left evolution of intense precipitation events during the period
19842003 comparedwith 19581982 in two weather stations of
the Lombardyterritory. Right map of the rainfallsintensity in the
Lombardyterritory duringthe 1961-1990time period. Source with
datafrom STRADRroject 2013

2. Basi climatiche

TEMPERATURE - simulazioni climatiche spaziali -

2071-2100 stagione esfiva 2071-2100 stagione invernale

(+) 4.5°C+ 0.5 (+) 4°C £ 0.5

Distribuzione spaziale delle anomalie termometriche per il periodo 2071-2100 rispetto alla
media del periodo di riferimento 1971-2000, per la stagione estiva (sinisfra) e invernale (desira
secondo la media ENSEMBLES di 22 Modelli Regionali, in base allo scenario SRES A1B. Fonte:
Gobiet e Beniston et al. 2013

A rondazione
Lombardia

per 'ambientes

Spatialdistribution of the projected thermometric anomaliesfor
the period 2071-2100 comparedto mean temperature of the
referenceperiod 1971-2000 Source with datafrom Gobietet al.
2013
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Lessondearnedfrom previousprojects



Researclprojectson urbanvegetation
and airpollution

Studio condotto su 5 citta negli Stati Uniti (McPherson 2005):

Spesaannua peralbero:13-65$
Benefici ricevuti: 1.37 —3.09 $ per ogni dollaro speso nella gestione

Studio condotto a Davis, California (Maco et al 2003):

Spesanetta: 449353 §
Benefici ricevuti: 3.78 $ per ogni dollaro speso nella gestione

Studio condotto nei Paesi Bassi (Maas et al., 2000):

Nelle aree dove il 90% dell’ambiente intorno al luogo di residenza ¢ verde, solo il
10.2% dei residenti si ammalano, se confrontate con le aree in cui solo il 10%
dell’ambiente circostante & verde, dove il 15.5% dei residenti si ammalano.

Studio condotto a Roma (HEREPLUS; Manes et al., 2012):

B e e oo )

e e o e e o o P oo oo it

dell’O; fornito dalla foresta urbana di Roma pud essere valutato come
rispettivamente pariacirca 2 e 3 milioni $/anno.



Aerodynamic and deposition effects
Street concentrations of trees

[PM, 5] (ug/m?3) [PM, 5] changes (%)

Fig. 8. Street effects of trees in Marylebone Rd at pedestrian height over prevailing wind directions. (a) PM;5 concentrations without trees (CB). (b) PM; s concentrations
with trees in summer (CT2). (c) Aerodynamic effects of trees in summer (%). (d) Loss of PM25 via deposition on trees in summer (%).




Wind speed of 4.6 m s

PM, s change (%)

City centre Suburb Road sides  Suburb road sides

Wind speed of 1.0 m s~
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PM, ; change (%)
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Full scene City centre Suburb Road sides  Suburb road sides

4 Modelled change in traffic-emitted PM; < concentrations induced by the tree aerodynamics, tree deposition and grass deposition for (a) awind speed of 46 m s=" and (b) a
d speed of 1.0 m s~




(a) (b)

a) Morakinyo et al., (2016) a) Yang et al. (2008)
b) Tong et al, (2016) b) Baik et al. (2012)
c) Pugh. etal  (2012) ) Lietal. (2010)
d) Tan and Sia (2003)
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% Reduction in Pollutant Concentration
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Pollutants Pollutants

Fig. 5. Published percentage reduction in pollutant concentration with (a) green walls to green wall free case and (b) green roof to green roof free case, Bars show the reported range
of reduction by respective studies.
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The Fulvio Testi Avenue project
Thefunctionof greenurbanareas in the control of air pollution

ERS/AF =F=]  Citta
gnussurained | nes .Ea. * metropolitana

di Milano

“RIPRISTINO DI UNA FASCIA VERDE IN VIALE FULVIO TESTI E CONTESTUALE
STUDIO DELLO SCHEMA DI IMPIANTO ARBOREO MIGLIORE PER MASSIMIZZARE
L’ASSORBIMENTO DEGLI INQUINANTI ATMOSFERICI”




t NP 2dodisi Qa

A Safetymeasuredor the avenue green area
A Urbanlandscapeipgrading

A Openfield experimentfor localair pollution control



The urbanareainvolved
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The presentvegetation

A double row of more than 200 plane trees (Platanus spp.) is placed in
the middle of the two carriageways of Testi Avenue, mingled with
allochtonous invasive weeds and bushes (like Revnoutria or Ailanthus).



tumn2017

Avenue lau
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Factorsconsideredn plant species
selection
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Resistancéo abioticstress

Water deficit anadehydration
Freezincandchilling
Floodingand oxygendeficit
Oxygerstress
Ozonepollution

Heatstress

Toxicityfactors




Environmental stress

Stress
characteristics

FPlant characteristics




Impactof presentozonelevelson tree speciesn EU

Rural concentration of the
orone indicator AOT40
for forest, 2014

M Rural background
station

pE.m*h

I 10000

10 000-20 000
20 000-30 000
30 000-50 000
> 50 000

Mo available data

00 HRQH

Countries/regions not
included in the data
exchange process

Source:  ETCAACM, 20170



Sensitivityof treesto ozone

Salix glabra
Salice glabro

Fraxinus excelsior
Frassino maggiore




Impactof ozoneon biodiversity

Water

Transpiration

uolleul||od

Carbon dioxide

uonelo||e-)

Soil water

Photosynthesis

v
@ecific competition

Plant-animal
interaction

-~

\%/

\\

2V N :
WAL |

Soil & &

food web

Root

Litter

exudation @ B production

Nutrients “ Soil Carbon

Source: WGE 201Rgport onbiodiversity



How todesigna goodhedge

la. Selectthe mostsuitableplant species

Carpinus betulus
Cornus sanguinea
Corylus avellana
Cotinus coggygria
Crataegus monogyna
Elaeagnus rhamnoides
Euonymus europaeus
Forsithya spp.

Laurus nobilis

Ligustrum vulgare
Rhamnus catharticus
Rosa canina

Rosa rubiginosa
Ruscus aculeatus
Prunus spinosa
Pyracantha coccinea
Taxus baccata
Viburnum opulus




How todesigna goodhedge
1b. Favoecologicicahabitatsandcorridors

Even if not required by the current regulation, most of the bushes,
shrubs and little trees have been chosen among the autochthonous
species recommended by the regional authorities.

Other species have been chosen for their beautiful flowering or
the fruits particularly attracting for birds, pollinators and c i tliftle® s
mammals.




How todesigna goodhedge
1c. Selectevergreenspecies

Evergreenspecieshave been also chosento ensure a
more effective capture of fine particulate even during
the winter season
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How todesigna goodhedge

2. Theplantinglayout

Planting trees more distant than usual helps reducing the
Interference of the plane trees and the amount of maintenance
works

Moreovereverybushwill havemore spacefor hisgrowth.



How todesigna goodhedge

3. Theimportanceof the stocktype

The stock type has grown in the ERSAF Regional Forestal Nursery
In Curno (BG) from seed of autochthonous species collected In
Lombardy.
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Soil& Airmonitoring

Sollchemistry

A Physicahnd chemicaparameters(texture, CE@tc)

A Fertilityfactors (C/Nratio, macroamdmicronutrient9
A Pollutionby heavymetals,

A Pollutionby traffic-related hydrocarbons

Air quality

A Ozone

A Nitrogenoxides(NQO,)

A Fineparticulate(PM10, PM2.5)



The airquality monitoringinstrumentation



