
Urban trees - Effective solutions to 
reduce increasing ozone levels in cities
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▪ 2050: 70% of the world population will live in
cities.

▪ ± 200 classes of air pollutants.

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

▪ O3 & PM = most threatening air pollutants
in cities for human health.

Background & ContextContext
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Fig. 1: Country-averaged trend (ppb per year) over the
time period 1995-2014.

Ozone pollution is increasing in cities

▪ 319 urban & 306 rural stations, 35 countries.

▪ 1995-2014: + 0.16 ppb year-1 on av. at 89%
of urban stations.

▪ Lower O3 titration by NO.

▪ Exceed target values for human health &
vegetation protection.

Background & ContextContext
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Urban trees can improve air quality by removing O3: provide a list of suitable
trees species for municipalities.

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,

etc…

Background & ContextBackground
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To:

▪ Quantify O3 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.

Extensive literature review: 150 peer-
reviewed articles & technical reports over the
time period 1990-2017.

Background & ContextObjectives
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▪ Passive samplers inside/outside canopy & dry
deposition models.

▪ UFORE Urban FORest Effects & i-Tree model:
downward O3 flux (stomatal & non-stomatal).

▪ To consider concentration differences among cities - O3 removal rates were standardized
to the mean O3 concentration in the city (g m-2 per ppb).

O3
StomataLeaf Surface

O3

Injury

𝐹 = 𝑉𝑑 . [O
3

] (F in g m-2 s-1)

where [O3] is the hourly O3 concentration (g m-3) & Vd the dry deposition velocity (m s-1) i.e. inverse of the
sum of the aerodynamic resistance, quasi-laminar boundary layer resistance & canopy resistance (s m-1)

▪ F is adjusted according to local parameters e.g. leaf-on & leaf-off dates.

▪ A module quantifies O3 formation based on BVOCs emission.

Background & ContextQuantification of O3 removal capacity
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Tab. 1 - Standardized removal rate (g m-² per ppb) & annual total O3 removal (tons) for several cities using dry deposition models.

▪ Roofs can represent 20-30% of the surface built-up areas: opportunity to be implemented
on a large scale.

▪ For instance, Toronto: 109 ha of green roofs
removed 3.1 tons of O3.

▪ The annual standardized O3 removal rates: 0.07 to
0.23 g m-2 per ppb of O3.
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Tab. 2: Average annual O3 removal rate, standardized removal rate to the mean O3 concentration and annual total O3 removal as well as
the average percent O3 improvement in hourly concentrations for several cities using dry deposition models.

The standardized O3 removal rate widely
vary worldwide:

Melbourne: 0.06 g m−2 year−1 per ppb
Stockholm: 0.05
Montréal: 0.19
Beijing: 0.17
Florence: 0.25
San Diego: 0.30

The mean annual reduction in conc.:
0.1% in Tucson (U.S) in 1994 to 1.5% in
Florence (IT) in 2013Public trees, i.e. trees managed by the
municipalities, removed e.g. 135-1179t of
O3 in 15 most populated cities in Canada
in 2010.
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▪ The O3 removal capacity of trees & shrubs: 3.4 g m-2

year-1 on av.

▪ At city scale, the O3 removal depends on local
conditions (e.g. O3 conc., meteo, phenology, forest
cover).

▪ The mean annual improvement is < 2% of O3 levels.

▪ The effects on O3 removal are linked to meteorological-dependent plant features e.g.
stomatal conductance, LAI, length of growing season…

▪ The optimal O3 removal = daytime & April-September (± 80% of annual O3 removal) during
the in-leaf season due to greater LAI & higher O3 concentrations.
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Tab. 3 – Average O3 removal rate, standardized removal rate for several tree species using dry deposition model (stomatal + non
stomatal O3 deposition, S + NS), sap flow measurements or stomatal conductance measurements (stomatal O3 uptake, S).

Top rated tree species to reduce O3 pollution are:

Magnolia liliflora: 0.218 x 10-2 g m-2 per ppb of O3

Aesculus chinensis: 0.182
Ginkgo biloba: 0.141
Liquidambar sp.: 0.138
Fraxinus excelsior: 0.114

Picea abies, Quercus ilex and Robinia pseudocacia : low rated species

10

Background & ContextOzone removal by tree species

Towards Clean Air in Cities - Bratislava - 27 November 2019



Shrubs O3 NO2 PM10 BVOC OFP
Pollen 

allergenicity
O3 sensitivity

Drought 

tolerance

P&D 

tolerance

S-AQI

Euonymus sp. +++ +++ ++ + ++ + ++ ++ + 7.0

Lonicera sp. ++ + + + + + ++ ++ ++ 4.7

Viburnum sp. ++ + + + + + +++ +++ +++ 4.9

Conifers

Abies alba ++ ++ ++ ++ ++ 0 + +++ +++ 6.5

Larix decidua +++ +++ +++ + + 0 ++ + + 8.6

Metasequoia glyp. +++ ++ ++ ++ ++ 0 +++ ++ +++ 6.5

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 +++ +++ +++ 4.9

Liquidambar sp. + +++ + +++ +++ + +++ ++ +++ 3.8

Platanus sp. ++ +++ ++ +++ + ++ ++/+++ +++ + 6.2

Tilia cordata +++ ++ ++ + + ++ + ++ + 7.1

+++ most efficient, + less efficient

Secondary criteria
A value of 1 to 3 to each criterion 

and then we calculate a mean score

A value 1=low, 2=medium, 
3=high was attributed to 

Primary criteria 

S-AQI: 1-10 scale

Species-specific Air Quality Index - Major disservices (pollen & BVOCs emission) & benefits
(effectiveness in removing O3, NO2 (precursor) and PM10 & tolerance to O3, P&D & drought)
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Fig. 2: Species-specific Air Quality Index S-AQI: 1-4: not
recommended (below the red line); 8-10: recommended plant
species for city planting program (over the green line).

We recommend city planners to select

species with S-AQI > 8 i.e. with high O3

removal capacity, low OFP, O3-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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▪ Trees show higher O3 removal capacity (3.4 g m-2

year-1 on av.) than green roofs (2.9 g m-2 year-1)
with lower installation & maintenance costs (± 10
times).

▪ 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
LAI (seasonal variability) & phenology in the models of urban forest impacts on air quality.

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