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= 2050: 70% of the world population will live in
cities.

= + 200 classes of air pollutants.

= Qutdoor air pollution = 8 million deaths
worldwide per year (WHO, 2019).

" O; & PM = most threatening air pollutants
in cities for human health.

Towards Clean Air in Cities - Bratislava - 27 November 2019



Ozone pollution is increasing in cities

319 urban & 306 rural stations, 35 countries.

1995-2014: + 0.16 ppb year! on av. at 89%
of urban stations.

Lower Oj titration by NO.

Exceed target values for human health &
vegetation protection.
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Fig. 1: Country-averaged trend (ppb per year) over the
time period 1995-2014.



The urban vegetation can:

Reduce air pollution: deposition of PM & gases
on plant surfaces & absorbs gaseous air
pollutants through stomata & regulates
transport of pollutants.

Sequester carbon,

Regulate air temperature,
Mitigate storm-water runoff,
Reduce noise,

Provide recreational & aesthetic benefits,

trees species for municipalities.
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Background

Urban trees can improve air quality by removing O;: provide a list of suitable
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Extensive literature review: 150 peer-
reviewed articles & technical reports over the
time period 1990-2017.

To:

= Quantify O; removal by urban vegetation:
trees/shrubs & green roofs.

= Rank 95 plant species based on the ability
to maximize air quality & minimize
disservices.

= Provide novel insights on the management
of urban green spaces.
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Quantification of O, removal capacity

= Passive samplers inside/outside canopy & dry Leaf Surface /Stomata
deposition models.
= UFORE Urban FORest Effects & i-Tree model: go
downward O; flux (stomatal & non-stomatal). I
Injury
F=V;.[0] (Fing m2s1)

3

where [O,] is the hourly O, concentration (g m3) & V, the dry deposition velocity (m s) i.e. inverse of the
sum of the aerodynamic resistance, quasi-laminar boundary layer resistance & canopy resistance (s m™)

= Fis adjusted according to local parameters e.g. leaf-on & leaf-off dates.
* A module quantifies O; formation based on BVOCs emission.

= To consider concentration differences among cities - O; removal rates were standardized
to the mean O, concentration in the city (g m per ppb).
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= Roofs can represent 20-30% of the surface built-up areas: opportunity to be implemented
on a large scale.

Tab. 1 - Standardized removal rate (g m per ppb) & annual total O, removal (tons) for several cities using dry deposition models.

Green Standardized 0
roofs area | Location Year Ozone conc. | 01 r_;no“} T4t | removal rate (z Annuavl 0‘: removal Reference
(pph) (g m™ year™) 2 (tons year™)
(ha) _ } m™ per ppb) _ -
109 Toronto, CA 2002 22.6 29 0.13 3.14 Currie and Bass, 2008
210 Washington, Ls 202 783 30 U1l 0.00 LDieutsch et al, JU0>
19.8 Chicago, US 08.2006 - 07.2007 | 19.0 4.4 0.23 0.88 Yang et al., 2008
180 Melbourne, AU 2013 159 12 0.07 0.36 Jayasooriya et al., 2017

= For instance, Toronto: 109 ha of green roofs
removed 3.1 tons of O,

" The annual standardized O, removal rates: 0.07 to
0.23 g m2 per ppb of O,
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Ozone removal by urban forests

Tab. 2: Average annual O; removal rate, standardized removal rate to the mean O, concentration and annual total O; removal as well as
the average percent O; improvement in hourly concentrations for several cities using dry deposition models.

Standardized removall]l Annual removal (tons) i O; reduction (%0) | Reference

191 McPherson et al., 1994
Total: 305,100 (8-3210) § < 1.00 MNowal: et al., 2008
374 0.70
138

101 0.60
Jia0 0.60
213 0.30

Public trees, i.e. trees managed by the
municipalities, removed e.g. 135-1179t of
O; in 15 most populated cities in Canada
in 2010.

497 040

406 0.50
340 0.30

252 010
192 0.60
314 Nowak and Crane, 2000

506 043
Total: 2296 (9672 061 Nowak and Dwyer, 2007
672
273
108
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Ozone removal by urban forests

u The 03 removal capacity Of trees & ShrUbS: 3.4 g m-Z TREES shade buildings reducing the TREES absorb small LARGE, HEALTHY TREES

need for air conditioning which particulate matter have the greatest per tree
1 reduces fossil fuel consumption from the air effects at pollution removal
year” on av.

REDUCED HEART  HEALTHIER
ATTACKS, STROKES  pEOPLE
AND ASTHMA

= At city scale, the O; removal depends on local

conditions (e.g. O; conc., meteo, phenology, forest
cover).

" The mean annual improvement is < 2% of O, levels.

* The effects on O, removal are linked to meteorological-dependent plant features e.g.
stomatal conductance, LA, length of growing season...

= The optimal O, removal = daytime & April-September (+ 80% of annual O; removal) during
the in-leaf season due to greater LAl & higher O; concentrations.
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Ozone removal by tree species

"-‘-\
Mf TTLES

Tab. 3 — Average O5 removal rate, standardized removal rate for several tree species using dry deposition model (stomatal + non
stomatal O; deposition, S + NS), sap flow measurements or stomatal conductance measurements (stomatal O, uptake, S).

. . Aandardized E.'Ilﬂsmﬂ-n [
Top rated tree species to reduce O; pollution are: Egemmlrlte
m*® per
| ppb) x 10~
il 0.054 NS
Magnolia liliflora: 0.218 x 102 g m™2 per ppb of O, o R
Aesculus chinensis: 0.182 Tox NS
. . 0.027 5
Ginkgo biloba: 0.141 o g
. . 0.088 3 = W5
Liquidambar sp.: 0.138 | AL T
. . | LG 3
Fraxinus excelsior: 0.114 Yo e
Y008 S T N5
[ 0057 :
Picea abies, Quercus ilex and Robinia pseudocacia : low rated species e -
AEEIMWIBMJU(M Sl '\J'l.l.d.LLE&l.I.UI.I, LWL | LUrLa AR Fo3 0033 S
Betula sp. i Florence, IT e 2017-10.2017 0.028 4132 0.068 3+ NE
Castanea sp. ¥ Florence, IT 2003 0016 335 0.048 ]
Cedrus deodara CT Beymg, CH 05 200005 2000 0022 20 0 100 ]
Cedrus deodara j Florence, IT 06 2017-10.2017 0025 413 0.061 3
Chamaecyparis lawsoniana M Florence, IT 062017102007 | 0021 A3 0.051
Eucalyptus citriodora SH Guangzhou, CN 2013 0.008 2132 0.038 5
Eucalyptus viminalls X | Florence, [T 06200 /-10.2017 001 412 0.041 5= N&
Fagus syivatica M hladna, BES Od 2008 20005 0058 407 0,083 5= N&
F. sylvatica ¥ Florence, IT e 2017-10.2017 0040 413 0.007 3~ Mo
F. sylvatica X1 Florence, IT 2003 0018 333 0.048 5
Frainus excelsior j Florence, IT 6 2017-10.2017 0047 413 0114 3
Freocimiss ormnus WM Florence, IT 06 2017-103017 0.040 412 .04
Grinkgo biloba CT Beymg, CH 05 200005 200 0031 220 0141 ]
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M}%“ TTLES Ranking plant species

Species-specific Air Quality Index - Major disservices (pollen & BVOCs emission) & benefits
(effectiveness in removing O3, NO, (precursor) and PM,, & tolerance to O;, P&D & drought)

+++ most efficient, + less efficient

Pollen . Drought P&D S-AQl

Shrubs 0, NO, PM,, BVOC OFP . . 0, sensitivity

allergenicity tolerance tolerance
Euonymus sp. + ++ ++ + 7.0
Lonicera sp. A value 1=|OW, 2=medium, + + -+ + 4.7
Viburnum sp. 3=high was attributed to + g +t | 49
Conifers . . . . .
Abies alba Primary criteria - Secondary criteria o
Larix decidua +++ +H+ +H+ + + A value of 1 to 3 to each criterion 8.6
Metasequoia glyp. vt *  ** _ andthen we calculate a mean score | 2
Leaved-trees
Acer campestre +++ ++ + + + ++ + +++ ++ 6.7
Alnus sp. ++ ++ + + + +++ +/+++ ++ +++ 5.2
Betula sp. ++ ++ + + ++ +++ +/++ ++ +++ 4.7
Carpinus sp. +++ ++ +++ + + +++ + +++ +++ 8.4
Crataegus sp. +++ +++ +++ + + + ++ ++ ++ 9.1
Eucalyptus sp. + + ++ +++ +++ + ++ +++ + 3.0
Fagus sylvatica +++ +++ ++ + + + ++ ++ + 8.0
Ficus sp. + ++ +++ ++ +++ 0 +++ o+ +4+ 4.9
Liquidambar sp. + +++ + +++ +++ + +++ ++ +++ 3.8
Platanus sp. ++ +++ ++ +++ + ++ ++/ I 1. 6.2
Tilia cordata +++ ++ ++ + + ++ S AQI : 1 10 Sca Ie 7.1
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We recommend city planners to select
species with S-AQl > 8 i.e. with high O,
removal capacity, low OFP, O;-tolerant,
resistant to pests & diseases, tolerant to

drought and non-allergenic.

e.g. Acer sp., Carpinus sp., Larix decidua,

Prunus sp.
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S-AQl scoring

Acer campestre
Washingtonia sp. Acer pseudoplatanus
Viburnum sp. Acer platanoides  Abies alba

Ulmus sp. 10 Acacia sp.
Tilia cordata Aesculus sp.
Taxus sp. 9 P Ailanthus altissima
5 Tamatix sp. Alnus glutinosa
Tilia europaea Amelanchier sp.
Spiraea sp. Berberis x frikartii
i Sorbus sp. Betula sp
Sophora japonica ]
PSequli:gp. Callistemon viminalis
Sambucus sp. Carpinus sp.
G Salix ik Castanea sp.
Robinia pseudoacacia
Rhamnus sp. Casuarina sp.
Quercus sp. Cedrus sp.
Pyrus sp. Celtis australis
P Ceratonia siliqua
runus sp. o
rcis sp.
Potentilla fruticosa P
Populus sp. B I _ Chaenomeles sp,
Platanus sp. Chamaecyparis sp.
Pinus sp. Citrus sp.
Phoenix canariensis CEHI .I
Parrotia persica C:trave:i:::ma
Qleasp; Cupressus semperv.
Myrtus sp. Eucalyptus sp.
Morus sp. Euonymus sp.
Metasequoia glypt. Fagus sp. .
Fagus sylvatica
Melia sp. Ficus sp.
Malus sp. Fraxinus excelsior
Mahonia sp. Fraxinus ornus
Magnolia sp. | Fraxinus sp.
Lonicera sp. Ginkgo biloba
Liriodendron tulipifera Hibiscu‘silsemma triacanthos
Liquidambar sp. ' llex crenata &

Ligustrum japonicum| . iy decidua JU8!3NS SP-

. Jacaranda sp.
Laurus nobilis Koelreuteria sp.

Fig. 2: Species-specific Air Quality Index S-AQl: 1-4: not
recommended (below the red line); 8-10: recommended plant
species for city planting program (over the green line).



Conclusions & perspectives

= Trees show higher O; removal capacity (3.4 g m~
year! on av.) than green roofs (2.9 g m? year)
with lower installation & maintenance costs (+ 10
times).

= The av. annual percent air quality improvement
due to urban trees/shrubs is < 2%.

= Green roofs can be used to supplement the use
of urban trees to improve air quality in a densely
populated city.

= Urban vegetation (cost-effective & nature-based
approach) aids in meeting clean air standards.

= Need to incorporate local-scale urban forest structure & an improved parameterization of
LAl (seasonal variability) & phenology in the models of urban forest impacts on air quality.
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