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Fritz Went (1960)  

Blue hazes  

in the atmosphere. 

Nature 187:641-43.  



A laboratory haze made  
by ozone and a lemon peel  

The Tyndall Effect 

Ozone 
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The BVOC : AVOC ratio 

10:1 
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The BVOC family (> 1000 Tg C y-1) > 500 

Tg C y-1 



VOC 

(Volatile Organic Compounds) 

  

 

 

“Approximately 80% of our air pollution 

stems from hydrocarbons released by 

vegetation, so let's not go overboard in 

setting and enforcing tough emission 

standards from man-made sources." 

Ronald Reagan quoted in Sierra vol 65 

(Sept/Oct) page 17 (1980) 

 



  

NO2+ sunlight       NO + O 

O + O2           O3 

At the meantime    

O3+ NO        NO2+ O2 

 

The hydrocarbons (such as VOCs), through reactions with 

 the radicals OH, induce an increase of NO2 to the detriment 

 of NO, with consequent increase of ozone concentration  

 

VOC and ozone formation 



Isoprene increases thermotolerance 
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Isoprenoids and abiotic stress interaction: Temperature 
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Isoprenoids protect leaves against oxidative stress 

VOCs in abiotic stress interaction: Ozone 

 

Vickers et al. 2010 

WT                      Isoprene-emitting transgenic 

Calfapietra et al. 2009 



VOCs in biotic stress interactions 

Courtesy of M. Dicke for VOCBAS 



 

Lerdau , Science 2007 

BVOC-O3  

A positive dangerous loop 

for the future? 



BVOC-O3  

A positive dangerous loop for the future? 

 

It would be if BVOC emission will increase with increased O3 

levels (which doesn’t seem to be the case, Calfapietra et al. 2008) 

We hypothesize a 

hormetic-dose response  

(Calfapietra et al. 2009, 

Env. Poll.) 



VOC 

 
• The most important emitters are some species of 

oaks, poplars and eucalyptuses 
 

• But not all the hydrocarbons emitted have the same 
OFP (Ozone-forming potential). The OFP (g O3 
produced per g of molecule) is about 9,1 for the 
isoprene but only 3,3 for the -pinene (the most 

abundant monoterpene) 
 
 
 

  
 
 
 



OFP (Ozone Forming Potential) 

 

OFPspecies = B[(EisoRiso) + (EmonoRmono)] 

 

where B is the biomass factor [(g leaf dry weight m-² ground area)], Eiso 

and Emono are species-specific mass emission rates  [(µg VOC)  g¯¹ leaf 

dry weight day¯¹] for isoprene and monoterpenes respectively, Riso  

and Rmono are reactivity factors [g O₃ g¯¹ VOC].  

 
 
 

  
 
 
 

Benjamin & Winer, 1998 



BVOC emission  in Rome by 

the 3 most abundant species 

(Calfapietra et al. 2013) 



(Calfapietra et al. 2013) 
Kp, Koelreuteria paniculata 

Zs, Zelkova serrata 



  



UFORE (Urban Forest Effects) model:  
an overview 

• UFORE-A:Anatomy of the Urban Forest 

• UFORE-B: Biogenic Volatile Organic Compound 

(VOC) Emission 

• UFORE-C: Carbon Storage and Sequestration 

• UFORE-D: Dry Deposition of Air Pollution 

• UFORE-E: Energy Conservation 
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UFORE-B: Biogenic Volatile Organic 

Compound (VOC) Emission 

 
Quantifies: 

• Hourly urban forest VOC emissions (isoprene, 

monoterpenes, and other VOC emissions than 

contribute to ozone formation) 

 

• Ozone formation based on VOC emissions 

 



 

Is it higher the O3 removal by urban trees or the O3 induced by BVOC 

emission of those trees? 

Paoletti et al. 2009 



Non-stored isoprenoids 
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Planta 182: 523 

 

 

BVOCs emission is highly temperature-dependent 

 



Seasonality of BVOC emission 

Zhihui et al. 2003 



VOC+ NOx 

BVOC 

BVOC 

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



 

NOx emission 

Steiner et al. 2006 

AVOC emission 

BVOC emission 
O3 concentrations 



Area of the optimal  

O3 production 



(Calfapietra et al. 2013, Env. Poll.) 

Low BVOC emitting species in urban environment are recommended 



 

Kleinman et al. 2002 



FUTURE EFFORTS 
Assessing urban forest interactions between air pollutants (O3 and 

PM) and emission in BVOC 

Laboratory      Field GIS+Modelling 

campaign using eddy 

covariance technique 

Big cuvette measurements 

of leaf gas exchange 

Application and 

validation of models 



 Project PON-Infrastruttura Amica (2012-2014) 

High Technology infrastructure for the Climatic-Environmental monitoring 

Establishment of a high-technology urban site in Park of Capodimonte 

(Naples) for the study of the exchanges between the urban forestry and 

the atmosphere 

Eddy Covariance 

PTR-TOF (VOC) 

Fast O3 analyzer 

NOx analyzer 

Cond. Part. Counter 

 



Conclusions 

• BVOC emissions from urban trees can have important 
implications for O3 levels 

 
• BVOC-O3 interactions are really complex both in the 

short-term and in the long-term 
 

• Of course it is generally  highly recommended to avoid 
strong BVOC emitters  especially for urban environments  

 
 

 
 
 

  
 
 
 



Perspectives 

• There is growing attention to increase the C sequestration 
capacity by Urban Forests 

 
• Of course fast growing species have to be chosen for such 

purposes because these are able to sequester great amounts 
of C  in a short time 

 
• But the choice of the species should also take into account 

the  OFP  
 

 
 
 

  
 
 
 



 
 

• We are now able to clone the isoprene synthase gene from 
many species   

 
 

• If the protective benefits are small and if the stimulating 
role on ozone uptake is small then it might be better to 
engineer those plants that do make isoprene to no longer 
make it and use these transgenic lines in urban 
environment  

 
 
 

  
 
 
 

Perspectives 

(more pioneering) 



Open question 

 
 
 
 

Is it higher the O3 removal by urban trees or the O3 
induced by BVOC emission of those trees? 
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DIMENSION OF THE ACTION 
 

35 COST countries 

3 Neighbour countries 

2 non-COST countries 

FAO 



OBJECTIVES 
 

• To collate recent (qualitative and quantitative) findings from national or 

international programmes about the ecosystem services provided by GI and 

UF. 

• To compare different approaches and conditions (climatic, socio-cultural, 

economic and urban planning) in the countries involved, in order to develop 

best practice guidelines for GI managers and decision makers to assist in the 

maximization of benefits from GI and UF. 

• To define environmental and social indicators and thresholds in order to 

improve the environmental quality of our cities, and consequently the quality 

of life of European citizens. 

• To provide scientific evidence in order to implement those best practice into 

legislation both at local, national and European level 

• To identify the main priorities and challenges in terms of future research on 

GI and UF 



THANK YOU  

Visit 

   www.greeninurbs.com 
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