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INCREASED ATTENTION TOWARDS 
CO2 REDUCTION THROUGH URBAN 
FORESTRY 

■2008 - The European Commission 
launched the  Covenant of Mayors to 
oblige European cities to  establish an 
Action Plan to reduce their CO2  

emissions by over 20% through activities 
and  practices including the addition of 
more plants in  urban areas and the 
sustainable management of  the green 
spaces 

■2015 - Even stronger Focus on Carbon 
mitigation  potential at urban level after 
COP21 in Paris





T, CO2, N, D, PM

O3



Urban Trees: ACTIVE and PASSIVE natural AIR 
FILTERS 

Atmospheric Pollutants Mitigation:  

- Stomatal uptake (NOx; SO2; O3; CO) 
- Capture - dry deposition (PM)

Pollutant: Particulate Matter (PM 10; 
2.5) 

- Diffused Airborne particles -  
dimension lower than 10 µm and 2.5 µm 

 
 
 

- Highly diffused 
- Dangerous 



Assessing  interactions between air pollutants uptake by urban 
forests  

(mainly O3, NOx and PM) and possible role of BVOCs

Laboratory      FieldGIS+Modelling

campaign using eddy 
covariance technique

Big cuvette measurements 
of leaf gas exchange

Application and 
validation of models



Laboratory cuvette results

Calfapietra et al. 2016



Laboratory cuvette results

Calfapietra et al. 2016

Stomatal conductance (mol m-2s-1)

P.pinea

Q.ilex

P.x euramericana



 Peak values : 152.6, 92.8, 57.5 (tons/year) 

 

Applying UFORE Population Projector in New York

Morani et al. 2011



Validating iTree with eddy covariance data
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Morani et al. 2014

Validating iTree with eddy covariance data



Cumulative flux over the entire period The original 
model (CPZ) 

overestimates 
the ozone flux 

measured by the 
tower by 18.4% 

while the 
modified model 

(CPZ_m) 
overestimates 
the observed 
ozone flux by 

only 0.7%. 
Morani et al. 2014

Validating iTree with eddy covariance data



PM deposition - Study Area: the city of TERNI

WHERE / WHY: Terni 
-Industrial city: Steel/Chemical factories 
-Factories into the urban environment 
-Geo morphological characteristics 

HIGH ATMOSPHERIC  
POLLUTANTS  CONCENTRATIONS Sampling Campaigns 

2012: 
- 4 Environmental  

Control Stations 
- 12 trees 
- Upper and  

Lower Crown 
- January and August 2012 

 

- EU limits for PM10: 50 µg/m3 for 
maximum 35 days in one year –  
2012: 68 overlay recorded

Flat plain valley 
surrounded  
by mountains

BORGO RIVO

CARRARA

LE GRAZIE

VERGA



Sgrigna et al. 2015; 2016

PM deposition - Study Area: the city of TERNI

SEM microscopy 
coupled with EDX



Strong focus on air quality mitigation capacity of urban trees by 
media (particularly for PM)





VOC+ NOx
BVOC

BVOC

why the Mediterranean  
is a “hot spot” for VOC and 
photochemical pollution…… 

….along the coasts 



(Calfapietra et al. 2013)

Low BVOC emitting species in urban environment are 
recommended



Area of the optimal  
O3 production



Platanus spp

Eucalyptus  spp.

Populus sppQuercus spp.

Salix spp.

High BVOC-emitters

Reeds 
(Phragmites, 
Arundo….)



Is it higher the O3 removal by trees or the O3 induced by BVOC 
emission of those trees?

Paoletti et al. 2009



More than 130  hectare 
Inside the city of Naples  

Dominated by Quercus ilex

 Capodimonte Park eddy covariance station, Naples 





EDDY COVARIANCE TOWER
• CO2 / H2O   Li-COR LI-7200 

• Methane   Li-COR LI-7700 

• Particulate matter   FAI OPC Multichannel Monitor 

• NOx    Ecophysics CLD 88 Yp NOx analyzer 

• N2O    N2O analyzer Thermo 46i 

• Ozone    Dasibi 1108 slow analyzer 

    Sextant fast ozone analyzer

• Gill Windmaster Pro Anemometer • ARG100 Precipitation Sensor 

• Apogee Instruments SP-110 Pyranometer Sensor 

• Model 278 Barometric Pressure Sensor 

• MP103A Temperature and Relative humidity Probe

• PTR-TOF-MS 8000   Acetaldehyde, benzene, toluene, monoterpenes, 

    isoprene, methanol, many others

1M € TOTAL INVESTMENT



Analyzer Datalogger Signal Freq

Anemometer Gill Windmaster Pro on SDM CR6
SDM 
Digital 10 Hz

" LI7550 10 Hz
CO2/H2O LI-7200 LI7550 10 Hz
Methane LI-7700 LI7550 10 Hz
FAI OPC MULTICHANNEL MONITOR Hard Disk Digital 4 Hz
Dasibi 1108 Ozone Analyzer CR6 Analog 0.5 Hz
Sextant Fast Ozone Analyzer CR6 Analog 10 Hz
N2O analyzer Thermo 46i CR6 1 Hz
NOx Ecophysics CLD 88 Yp CR6 Analog 1 Hz

!   Serial 8 Hz
PTR-TOF-MS Hard Disk Digital 10 Hz

ARG100 Precipitation Sensor CR1000 Analog
30 min. 
avg.

Apogee Instruments SP-110 Pyranometer Sensor CR1000 Analog
30 min. 
avg.

Model 278 Barometric Pressure Sensor CR1000 Analog
30 min. 
avg.

MP103A Temperature and Relative Humidity 
Probe CR1000 Analog

30 min. 
avg.

MAIN INFO on INSTRUMENTATION





Wind distribution for the period March 2015 – April 2016 (panel a). Half 
hourly cumulative fluxes distances representing the peak (white circles) 
(panel b), 70% (dark grey circles) and 90% (light grey circles) (panel c) 

for the period March 2015 – April 2016. Cumulative fluxes distances 
were calculated using the footprint model of Kljun et al. (2004).

Guidolotti et al. 2017



Diurnal patterns of NEE (blue), GPP (green) and RECO (red) for the 
summer period (panel a, April-September) and the winter period (panel 

b, October-March). The solid lines and shaded bands represent the 
average and standard deviation of the half-hour flux, respectively.

Guidolotti et al. 2017



Concentrations and fluxes at the end of March 2015

Guidolotti et al. 2017



GHG concentrations and fluxes at the end of the summer 2015

Guidolotti et al. 2017



Fluxes at the end of the summer 2015

Guidolotti et al. 2017



PTR-TOF Mass Spectrometer coupled with Fast-GC



Need of establishing a net of such innovative urban park sites because of: 

•Interest in accounting C sink capacity of urban forests to be 
accounted in carbon credits strategy 

•Interest in understanding interactions between anthropogenic and 
biogenic compounds in urban environments 

•Interest in understanding pollutant mitigation potential by urban 
forests



ICOS Italia (stations)
STATION   TYPE  CLASS  PI   
Castelporziano2  ECO  Class 1  Silvano Fares   
Borgo Cioffi   ECO  Class 1  Enzo Magliulo   
Renon   ECO  Class 2  Leonardo Montagnani   
Pramaggiore  ECO  Class 2  Andrea Pitacco   
Monte Bondone  ECO  Class 2  Damiano Giannelle   
Capodimonte  ECO  Associated  Carlo Calfapietra   
Arca di Noè   ECO  Associated  Donatella Spano   
Bosco Fontana  ECO  Associated  Giacomo Gerosa   
Torgnon   ECO  Associated  Edoardo Cremonese   
Collelongo   ECO  Associated   Giorgio Matteucci   
Bonis   ECO  Associated   Giorgio Matteucci   
Beano   ECO  Associated  Alessandro Peressotti   
Monte Cimone  ATM  Class 1  Paolo Cristofanelli   
Lampedusa   ATM  Class 1   Giorgio di Sarra   
Plateau Rosa  ATM  Class 2  Francesco Apadula   
Potenza   ATM  Class 1   Lucia Mona   
Lamezia terme  ATM  Associated   Claudia Calidonna   
Lecce   ATM  Associated   Daniele Contini   
Monte Curcio  ATM  Associated   Francesca Sprovieri   
Capo Granitola  ATM  Associated   Angela Marinoni  

Ny Alesund   ATM  Associated  Vito Vitale   
Miramare   OCE  Class  Michele Giani   
Paloma   OCE  Class  Anna Luchetta 
  
E2M3A   OCE  Class   Vanessa 
Cardin   
W1M3A   OCE  Class   Roberto 
Bozzano   

Lampedusa   OCE  Associated  da definire  

ITALIA

More sites hopefully implemented with the 14M€ 
project PROICOS_MED



Green Infrastructure approach: linking 
environmental with social aspects in studying 

and managing urban forests 
(GreenInUrbs) 2013-2017 
Chair: Carlo Calfapietra 

www.greeninurbs.com

countries involved



   www.greeninurbs.com





On 19 November 2010, the European Commission organized a 
conference called Green Infrastructure Implementation. 

 “Green Infrastructure serves the interests of both people and nature. It can 
be defined as a strategically planned network of high quality green 
spaces and other environmental features. ……..Green Infrastructure 
includes natural and semi-natural areas, features and green spaces in 
rural and urban, terrestrial, freshwater, coastal and marine areas.”

On 6 May 2013 
The Commission has adopted a Green Infrastructure Strategy, 'to 
promote the deployment of green infrastructure in the EU in urban and 
rural areas'.



GreenInUrbs structure and responsible people 

• Chair: Carlo Calfapietra, IT; Vice-Chair: David Pearlmutter, IL 

• WG1 Environmental services of GI and UF and implications of climate change (R. Samson, B) 

• WG2 Social/cultural services of GI and UF (Liz O’ Brien, UK) 

• WG3 Governance of UF in a GI approach (S. Krajter Ostoic, HR) 

• WG4 Task Force on Integration and Dissemination to stakeholders (G. Sanesi, IT) 

• STSM Coordinator: Rocio Alonso, ES (funded more than 40 STSMs so far)



Workshops





Participation to the sampling campaign on PM deposition on 
plane trees across Europe

✓ 17 Countries 
✓ 20 Cities  
✓ 25/08/14 – 15/09/14

Antwerp (BE)
Copenaghen(DK
) Ljubljana (SI)  Timisoara (RO)

Aveiro (PT) Den Haag  (NL) Malmᴓ (SE)  Vienna (AT)

Belgrade (RS) Florence (IT) Nancy (FR) Warsaw (PL)

Berlin (DE) Granada (ES) Naples (IT) Yerevan (AR)

Bern (CH) Kavala (GR) Salzburg (AT) Zurich (CH)

Baldacchini et al, 2017, Environmental Science & Technology

SIRM 
(Saturation 
isothermal 
remanent 
magnetization)+ 
SEM-EDX 
analysis



Common European Sampling Campaign 
SEM-EDX analyses 

Baldacchini et al, 2017, Environmental Science & Technology







Guideline 
for practitioners and policy makers



SPECIFIND: Choose the Best TREE SPECIES for Your City





“Solutions that are inspired and supported by nature, which are cost-effective, 
simultaneously provide environmental, social and economic benefits and help 
build resilience. 

Such solutions bring more, and more diverse, nature and natural features and 
processes into cities, landscapes and seascapes, through locally adapted, 
resource-efficient and systemic interventions” 

Source: EU Research and Innovation policy agenda on Nature-Based Solutions



European Commission leader in NBS and environmental protection



What is NBS?



What is NBS?



NBS IMPLEMENTATION PROCESS

• Multistakeholders 

• Co-design; Co-implementation; Co-

management 

• Multipurpose 

• Cost-effective 

• Locally-adapted 

• Easily upscaled spatially and temporally 

• Effectiveness assessment



We are now able to quantify ES e DES provided by UF 
and NBS and this should emerge in all plans and 

projects 



ProGIReg  
«Productive Green Infrastructure for post-industrial urban regeneration»

2018-2023 
11M€



Bando PRIN 
2017 
2019-2022

CNR-IRET: Coordinator  
Unimolise 
UniBari 
UniTuscia 
UniFirenze 
UniRoma3



Calfapietra Lab 
Chiara Baldacchini, Researcher 
Giovanni de Simoni, Technician 

Sara Di Giovanni, master student 
Raffaela Esposito, phD 

Olga Gavrichkova, Researcher 
Gabriele Guidolotti, Researcher 

Ilaria Lusini, postdoc 
Michele Mattioni, engineer 

Mauro Medori, phD 
Enrica Nestola, phD 

Emanuele Pallozzi, Technologist 
Gaspare Perconti, master student 

Federica Revoltella, phD 
Andrea Scartazza, Researcher 

Gregorio Sgrigna, postdoc 
Claudia Tarmati, master student 
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