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Urban (and peri-urban) forestry( p ) y

T i t t ki d• Trees in streets, squares, parking areas and
other “grey spaces” with sealed surfaces.

• Trees in parks and other green spaces such
as yards, gardens, and commercial areas.

• Stands of trees that are often referred to as
“woodlands” or “woods”.

Randrup et al., 2005



Urban populationUrban population

0 i i i70 million annual increase
2 billion new residents

UN-HABITAT, Financing Urban 
Shelter: Global Report on Human 
Settlements 2005, pp.4-5.



Urban green in Europe g p

From  Pauleit et al. 2005





Courtesy R. LaFortezza



The Community Forests 
in UK



Long-term Research Initiatives. Multi-year
projects recogni e the importance of nat ral

Urban Forestry in the USA

projects recognize the importance of natural
resource management in cities, and embrace
urban ecology, stewardship, and ecological
literacy to support ecosystem managementliteracy to support ecosystem management
and human well-being.
Knowledge Sharing. The Urban Field
Station conducts comparative research andStation conducts comparative research and
disseminates knowledge throughout other
metropolitan regions in the United
States and links to a growing of networkStates a d s to a g ow g o etwo
federal scientists, facilities and university
cooperators focused on urban research.
Expanding Networks. The Urban Fieldp g
Station has engaged over100 non-profit,
academic, and government partners in
workshops and symposia, technical
consultations, peer-reviewed publications,
databases, and tools that support urban
ecosystem management and sustainability
planning efforts such as PlaNYC.



Urban Forestry in the USA

Trees in Our CityTrees in Our City

Center for Urban Forest Research
http://www.fs.fed.us/psw/programs/cufr/TreesIn

OurCity/



Trees Pay Us Back.

100 Trees Over 40 Years...

Benefits = $193,000 
Energy

Costs = $66,000 
Planting  - Pruning  

Air Quality

Real Estate     

Removal/Disposal   

Pest and Disease

Irrigation  - Clean upg p

Sidewalk Repair 

Legal  - Admin

Pay Off:  $127,000



Trees Mean Better Business. 

In tree-lined commercial districts...
More frequent shoppingMore frequent shopping
Longer shopping trips
Shoppers spend more for parkingShoppers spend more for parking
Shoppers spend 12% more for goods



Trees Sell Houses. (At higher prices.) ( g p )

Each large front yard tree adds 
1% to sales price1% to sales price

Large specimen trees can add 
10%    t  t  l  10%, or more, to property values. 



Trees. Important to Human Health.

100   14  f CO /100 trees remove 14 tons of CO2/year
100 trees remove 1014 lbs of pollutants 
per year  including:per year, including:

428 lbs of ozone
313 lbs of particulates313 lbs of particulates



What is MillionTreesNYC ?What is MillionTreesNYC ?What is MillionTreesNYC ?What is MillionTreesNYC ?

•• An initiative to plant one million new trees in New York City’s public An initiative to plant one million new trees in New York City’s public 
and private spaces over the next ten yearsand private spaces over the next ten years

•• An important part of PlaNYC: Open Space and Air Quality sectionsAn important part of PlaNYC: Open Space and Air Quality sections

•• An innovative partnership of NYC Department of Parks & Recreation An innovative partnership of NYC Department of Parks & Recreation 
and the New York Restoration Project (NYRP)and the New York Restoration Project (NYRP)

•• A program with core initiative elements including stewardship, A program with core initiative elements including stewardship, 
education, community outreach, marketing and public relations, education, community outreach, marketing and public relations, 

public policy and advocacy, and research and evaluationpublic policy and advocacy, and research and evaluation



Urban Forests' benefitsUrban Forests' benefits
Modify Urban Modify Urban 
MicroclimateMicroclimate
Modify Urban Modify Urban 
MicroclimateMicroclimate
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Improve Improve 
Air QualityAir Qualityfunctionsfunctionsfunctionsfunctions Air QualityAir QualityAir QualityAir Quality







Carbon Storage & SequestrationCarbon Storage & Sequestration

CarbonCarbon StorageStorageCarbonCarbon StorageStorage
carbon stored in plant
tissues (roots, stem and
branches)branches)

CarbonCarbon SequestrationSequestrationqq
carbon annually removed
from trees and from soil

I t t t i k l d il bImportant to increase our knowledge on soil carbon 
sequestration capacity



INCREASED ATTENTION TOWARDS CO2 REDUCTIONS 
THROUGH URBAN FORESTRY

• On 29 January 2008, the European Commission 
launched the Covenant of Mayors to obligelaunched the Covenant of Mayors to oblige 
European cities to establish an Action Plan to 
reduce their CO2 emissions by over 20% throughreduce their CO2 emissions by over 20% through 
activities and practices including the addition of 
more trees in urban areas and the sustainablemore trees in urban areas and the sustainable 
management of the green spaces
FAO G id li i i f P li d• FAO Guidelines in preparation for Policy and 
Decision Making promoting Urban and Peri-urban 
F ifi i li h dForestry – specific issue on climate change and 
CO2 reductions





Indirect CO2 SAVING
Trees in the cities reduce CO2 emissions through energy2 g gy

saving

kWh/a
saved per tree

Reduction in Kg C/a

1) Energy saving 92 15

a) Shading 60 10

b) Evapotranspiration 32 5

2) Carbon2) Carbon
sequestration n/a 4.5

Los Angeles Rosenfeld et al., 1998



Dry Deposition of air pollutants

f (pollutant)
Ra Aerodynamic 

resistance

f (vegetal species)
Rb quasi-laminar layer 

resistance

R i tRc canopy resistance



Turbulence



Turbulence



Surface capture



Terni: Quercus ilex leaf in a park close to steelworks



PM removal
City Country PM removed PM removed ReferenceCity Country PM10 removed

annually (1994)
Average (g m-2)

PM10 removed
annually
(1994) range
(g m-2)

Reference

from Giuntoli, 
2007(g )

Indianapolis USA 4.5 1.1-5.7 Nowak et al., 2006

Los Angeles USA 6.9 1.0-7.1 Nowak et al., 2006

Mi i USA 5 5 1 3 6 4 N k t l 2006Miami USA 5.5 1.3-6.4 Nowak et al., 2006

New York USA 3.7 0.9-4.7 Nowak et al., 2006

Newark USA 3.6 0.8-4.7 Nowak et al., 2006

New Orleans USA 4.8 1.1-6.0 Nowak et al., 2006

Philadelphia USA 3.8 1.0-5.0 Nowak et al., 2006

San Diego USA 7 6 1 5 8 4 Nowak et al 2006San Diego USA 7.6 1.5-8.4 Nowak et al., 2006

Washington USA 3.9 0.9-5.1 Nowak et al., 2006

Pechino CHINA 16.7 -------- Yang et al., 2005 mod.

Santiago CHILE 14.3 -------- Escobedo et al., in press, mod.
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Ozone is taken up by plants

O3
O3

O3
O3

O3

O3O3



The BVOC family (> 1000 Tg C y-1)> 500
Tg C y-1

1-10%
of  
C fixed



VOC and VOC and ozoneozone formationformation

NONO li hli h NO ONO ONONO22+ + sunlightsunlight NO + ONO + O

O + OO + O22 OO332           2           33

At the At the meantimemeantime

OO33+ NO        NO+ NO        NO22+ O+ O22

TheThe hydrocarbonshydrocarbons ((suchsuch asas VOCsVOCs),), throughthrough reactionsreactions withwith
thethe radicalsradicals OHOH induceinduce anan increaseincrease ofof NONO22 toto thethe detrimentdetrimentthethe radicalsradicals OH,OH, induceinduce anan increaseincrease ofof NONO22 toto thethe detrimentdetriment
ofof NO,NO, withwith consequentconsequent increaseincrease ofof ozoneozone concentrationconcentration



why the Mediterranean 
i   “h  ” f  BVOC dis a “hot spot” for BVOC and
photochemical pollution……

….along the coasts

BVOC
VOC+ NOx

BVOC

BVOC



High BVOC-emitters

Platanus spp Populus sppQuercus spp. pp

Eucalyptus  sppR d  Eucalyptus  spp.
Salix spp.

Reeds 
(Phragmites, 
Arundo….)



The Urban Forest Effects (UFORE)The Urban Forest Effects (UFORE)

UFORE is a computer model developedUFORE is a computer model developed::

To quantify urban forest structureTo quantify urban forest structure•• To quantify urban forest structureTo quantify urban forest structure

•• To estimate urban forest’s benefitsTo estimate urban forest’s benefitsTo estimate urban forest s benefitsTo estimate urban forest s benefits

•• To calculate energy and emission savings To calculate energy and emission savings gy ggy g

•• To help city managers and policy makersTo help city managers and policy makers

33



UFORE methods: an overviewUFORE methods: an overview

•• UFOREUFORE--A:Anatomy of the Urban ForestA:Anatomy of the Urban Forest

UFOREUFORE B  Bi i  V l til  O i  C d B  Bi i  V l til  O i  C d •• UFOREUFORE--B: Biogenic Volatile Organic Compound B: Biogenic Volatile Organic Compound 

(VOC) Emission(VOC) Emission(VOC) Emission(VOC) Emission

•• UFOREUFORE--C: Carbon Storage and SequestrationC: Carbon Storage and Sequestration

•• UFOREUFORE--D: Dry Deposition of Air PollutionD: Dry Deposition of Air Pollution

•• UFOREUFORE--E: Energy ConservationE: Energy Conservation

34



USDA, 2007





Results: UFORE Population ProjectorResults: UFORE Population Projector
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Results: UFORE Population ProjectorResults: UFORE Population Projector
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Villa BorgheseVilla Borghese



Villa BorgheseVilla Borghese



Villa BorgheseVilla Borghese



Scientific Gaps
-Better Understanding of CO2
sequestration capacity by

b f t ( ti l lurban forestry (particularly
soil and by indirect effect)

-Measuring effective uptake
of air pollutants by urbanp y
trees to validate models

A i i ll t t t k-Assessing air pollutant uptake
by urban vegetation with air
quality improvementsquality improvements

-Relating air qualityg q y
improvements by urban
forests with human health



Other Gaps 

-Carbon stored in urban
f t i t t d fforests is not accounted for
carbon sink inventories in most
countriescountries

-Urban forests are not
covered in national forest
health surveys

-Planning and management of
urban forest does not usuallyurban forest does not usually
takes into account
environmental issues



NEW FRONTIERS
MEASUREMENTS OF POLLUTANT UPTAKE BY VEGETATIONMEASUREMENTS OF POLLUTANT UPTAKE  BY VEGETATION



NEW FRONTIERS
LINKING URBAN FORESTRY WITH AIR POLLUTION AND  HUMAN 

HEALTHHEALTH

-HEREPLUS aims at detecting
and analyzing Health Risk ofand analyzing Health Risk of
Environmental Pollution Levels
in Urban Systems and they
mitigation potential by urban
forestry



The right The right treetree, in the right , in the right 
ll dd i th i hti th i htplaceplace, , managedmanaged in the right in the right 

waywaywayway

THANK YOUOU

TheThe greatgreat challenge!challenge!The The greatgreat challenge!challenge!


