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What are urban forests ?
They differ from « suburban forests », which are
« real » forests located in the vicinity of cities
For instance, the city of Strasbourg has remarkable suburban alluvial forests,
which are protected as nature reserves (National Nature Reserves of IllkirchGraffenstaden, Rohrschollen and Robertsau)
Nearby Paris, the « bois de
Boulogne » (846 ha) and the
« bois de Vincennes » (995
ha) can also be considered as
« suburban forests », as they
are ancient forests.
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Urban forests can be defined as « new » forests,
resulting of dense plantation of trees in urban areas
(parks, streets, squares), with dense canopy, but
sometimes reduced forest soils.

A « park urban forest » (parc
Montsouris, 15 ha, about 1300
trees of 120 species, Paris)

A « street urban forest »
(bld Blanqui, Paris)

A « cemetery urban forest », aerian view
of the Père-Lachaise cemetery (44 ha
with 5300 trees), Paris
A « square urban forest »
(place G. Hocquard, Metz)

These urban forests provide a lot of ecological services to citizens
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What are ecological services ?
They are the benefits that humans freely gain from the
natural environment and from properly-functioning
ecosystems (according to the MEA)

What are these ecological services of
trees in cities ?
1. Carbone storage and its contribution to slowing
down of the increase of the CO2
2. Absorption and reduction of air pollutions
3. Mitigation of intra-urban heat islands
4. Preservation or increase of biodiversity
5. Well-being and health of human populations

Some « disservices » of trees in cities
have also to be considered
1. Spatial contraints and cost of tree management
2. Emissions of Biogenic Volatil Organic Compounds
3. Allergies due to pollen
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Differents levels of evaluation of ecological services of trees and urban
forests
Livesley et al. 2015, J. of Envt Quality
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Storing and sequestering carbon and mitigating global warming
Photosynthesis leads, through the absorption of atmospheric CO2, to the sequestration of carbon by trees in
the form of vegetable biomass during its growth to maturity. Then it emits carbon during its senescence phase.

In Strasbourg, trees store 128,000 tons of C and currently sequester about 3,700 tons/year. This
storage is very variable depending on the size of the trees, 5,7 kg (Seq. of 51 kg/year) for a tree with
DBH of 110 cm and 19 kg (sequestration of 2 kg/year) for a DBH of 10 cm.
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Absorption and reduction of air pollution
Studies conducted in Strasbourg, as part of the
Selmi thesis (2014) by the application of the i-Tree
Eco model developed by the US Forest Service

The rate of elimination of pollutants from public
trees in Strasbourg is 6g/m²/year, comparable to
NY (6.7 g), but lower than LA (23.1 g).
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However, this positive effect can be questioned by the slowdown in
air circulation and the diffusion of pollutants in cities by trees
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Mitigation of intra-urban heat islands
In Paris the
difference
between city
centre and
suburban
forests of
Boulogne or
Vincennes
can reach 4°C

City centers are characterised by higher
temperatures, called « domes of heat »

The VegDUD project
conducted by “Plante &
Cité” between 2007 and
2014 showed an effect of
tree alignment (2 rows 9
m high) up to 4°C less
than a tree-free street.
Strasbourg (Thermographie ADEUS, 2013)

Preservation of Biodiversity
Trees in cities allow the presence of many species of mushrooms, plants, insects, birds, small
mammals (more than 2900 wild species were inventoried in Paris). They contribute to the
“green and blue structure”, ensuring the connection with more natural forest spaces.
Different components of this urban biodiversity:
- A « domestic » biodiversity : commensal species to human, introduced for ornamental or
ecosystem services (planted trees, pets, etc.),
- A « naturalised » biodiversity : introduced species that reproduce spontaneously in the
urban environment (Rose-ringed parakeet)
- An « indigenous » biodiversity : native species in the region, present spontaneously in the
urban environment (Squirrel, Robin, etc)
What are the stakes of this urban biodiversity? Nature or society?
- Contribution to the preservation of threatened species ? Ex. Angelica heterocarpa, Martes
foina, Apus apus, etc.
- Green and blue frame elements
- Awareness and education of urban dwellers to the diversity of life
- Human well-being services
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Green and blue structure of Paris and surroundings
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Contribution to well-being and health of people
The city-dwellers approve by a large majority the presence of trees
and greenspace nearby their habitations (Lee & Maheswaran, 2011)
Trees promote social bond

Trees increase property-value (up to 15 %)

Trees make people more happy
Catalpa X erubescens

« Auprès de mon arbre, je vivais
heureux » [George Brassens]
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Disservices, inconveniences and contraints of trees in cities
Disservices are defined as « functions or properties of ecosystems
that are perceived as negative for human well-being »

Spatial contraints and the costs of tree management
Trees can be a discomfort or a contrainst to
the management of cities (urbanisation,
roadways, parkings, etc). Their management
also has a cost that has to be supported by
collectivities.

Trees are contraints on parking lots

The space available at the base of the trees is very important for their water supply
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Emission of Biogenic Volatile Organic Compounds (= BVOC)
All trees emit BVOC (= Biogenic Volatile Organic Compounds),
but the rates are very variable according to species

Combined with nitrogen oxides (NOx) emitted
by combustion of hydrocarbures produced by
cars, they lead to the production of Ozone
(Calfapietra et al., 2013 ; Curtis et al., 2014).

Total rates of emission (in ug/g/h)
Acer
Zelkova Platanus
Celtis
sacchar serrata
x
occidental
um
acerifoli
is
a

0.07 0.11 0.15

0.33

Tilia
cordata

Ulmus
american
a

0.71 0.96

Corylus
colurna

Tilia
american
a

Aesculu
s glabra

1.30

1.50

6.61

The site hppts://www.selectree.calpoly.edu gives information for
200 tree species in California.

When the Nox emission is high (high pollution), a low BVOC
emission will permit to limit the production of Ozone.
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Allergy caused by pollen grains
The allergenic character of tree species is very variable according to species.
It also varies according to dates of floraison.
Commun

M

ode de
pollinisation
Alnus glutinosa anémophile

Taille, poids ou
volume du
pollen

Quantité de
pollens

Période de
pollinisation

Durée de
pollinisation

Allergénicité

24 µm, gluant

13è rang au S

mi-janvier à mimars
mars à mai

4-8 semaines

moyenne

5-8 semaines

très forte

juin

4-7 semaines

exceptionnelle

printemps

10-12 semaines

faible

Betula alba

anémophile
24 µm
uniquement
Castanea sativa entomophile puis 2 ng, 1700 µm3
anémophile
Querus sp.

anémophile

Chamaecyparis anémophile
uniquement
Fraxinus
anémophile
uniquement
Olea
Populus
Pinus
Platanus

anémophile
surtout
anémophile
anémophile
uniquement
anémophile
uniquement

18 ng, 15000
µm3
15 ng, 12500
µm3
13 ng, 10000
µm3
12 ng, 10200
µm3
16 ng, 13000
µm3
90 ng, 70000
µm3
5 ng, 4000 µm3

1er au N
15 rang au S
6è rang au S
è

2è rang au S
1er rang au S

décembre à mars 4-5 semaines

très forte

9è rang au S

fin décembre (S)- 4-10 semaines
printemps (N)

forte

12è rang au S

avril à mai

4-6 semaines

forte

14è rang au S

printemps

6-10 semaines

moyenne

3è rang au S

printemps

4-8 semaines

faible

5è rang au S

printemps

2-6 semaines

forte

Establishment of the
network RNSA
(Réseau National de
Surveillance
Aérologique):
http://www.pollens.fr
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It is therefore necessary to increase the positive effects and decrease the negative ones
A tool called « i-Tree » Species (http://www.itreetools.org/species/) has been set up since
2002 by the USDA Forest Service to users in selecting proper species given the following tree
functions : (1) air pollution removal, (2) air temperature reduction, (3) carbon storage, (4) pollen
allergenicity, (5), wind reduction, (6) stream flow reduction.
The program contains index values (0-10 scale) for about 1,600
individual species. The user enters state and city, from which the
program determines the hardiness zone and eliminates all species
not sufficiently hardy. The combination of hardiness and selected
functionality produces a ranked list of appropriate species.
In France, a similar tool, called “SESAME” (Services EcoSystémiques rendus par les Arbres, Modulés selon
l’Essence), taking into account (1) air quality, (2) climate mitigation, (3) biodiversity, (4) landscape, (5)
adaptation to local climate, (5) allergy, (6) physical contrainsts, is currently been developed for about 60 tree
and shrub species for the city of Metz by the CEREMA (Centre d’Etudes et d’Expertise sur les Risques,
l’Environnement, la Mobilité et l’Aménagement), the city of Metz and Metz-Métropole.
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The city of Paris has created a remarkable tool
to follow all the trees of the city

By en-

larging

There are more than 200,000 trees (about 12 trees/ha) , corresponding to 190 different species, in the streets and parks

On March 2018, the Conseil of Paris adopted its 2nd biodiversity plan (2018/24)
Action n°20 : Strengthening the vegetation of the city : with the creation of 30 ha green spaces and the
plantation of 20,000 new trees by 2020 (in comparison with 2014), about 3,000 trees a year from municipal
nurseries.
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An important tree planting programme undertaken by the city of Lyon
The metropolis of Lyon adopted a Tree Charter (“Charte de l’Arbre”) in 2000 to
address climate change. The charter also includes an Canopy Plan with 33,000
trees planted since 2003 and another 40,000 to be planted by 2030 in the public
spaces of the metropolis.
The objective is to increase the proportion of shaded canopies in public spaces by
12 to 22% and that of linear canopies planted by 21 to 29%, while favouring a
diversity of species to deal with potential risks and hazards.

An avenue bordered by Platanus trees

A large space for trees in the streets

A recent tree plantation near
the station, with permeable
pavement and ground beneath
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Different aspects of urban forest in the city of Metz
(my birthcity)

A wooden part of sidewalk
allowing water infiltration

An aerial photo showing a dense tree
plantation near the water body

Avenue Foch and its
beautiful Platanus trees
A street well shaded by Morus trees

A place well shaded by a dense
Celtis occidentalis plantation
Temporary potted trees near the
cathedral… not an urban forest !
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In North America, cities are developing important programs of tree planting
The city of Montreal, Canada
launched in 2012 its “Canopy Action
Plan” for the planting of 300,000
trees by 2025, in order to achieve a
25% forest cover for the city.
A squarre with dense tree plantation

A view of Montreal, from the Mont Royal, a
suburban forest

A young tree plantation in the city center

One of these young planted
trees in the city center

In the USA, the project « MillionTreesNYC » allowed to plant one million trees in New-York
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between 2007 and 2015 ! https://www.nycgovparks.org/trees/milliontreesnyc

Conclusion
Trees provide a lot of ecosystem services in cities. In particular
they support cities to climate change adaptation and mitigation
and provide the well-being to people.
They have also some constraints and inconvenients, that must be
minimised by a choice of appropriate tree species.
In order to have more pleasant cities, it seems desirable to
significantly increase the importance of urban trees and forests in
European cities, following the example of North American cities
(Montreal, New York, etc.).

We have to plant now the urban forests of the second half of the
21st century, which will help our children to face climate change !
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