
Ozono, vegetazione e adattamento 
al cambiamento climatico 

Antonio Ballarin Denti 
Università Cattolica del Sacro Cuore 

Fondazione Lombardia per l’Ambiente 

Meeting: “Ozono e vegetazione: il contributo della ricerca italiana” 
Università di Pisa, 24 novembre 2016 



Presentation’s structure 

• Ozone: the present status 

• Ozone present impacts on crops, forests and biodiversity 

• Interactions between ozone and climate change 

• Ozone levels: future projections 

• Ozone exposure and risk: future projections 

• International policies 

• Climate change adaptation strategies 

• Examples of sectoral adaptation measures and tools 

• Conclusions 

 

 

 



2016 - a bloom of reports  



Ozone: the present status 



Troposheric ozone worldwide 

Source:   NASA 2015 



Worldwide ozone distribution and trend 

Source:   UK Royal Society 2008, Science Policy Report 



Europe: ozone rural AOT40 for crops in 2013 



Europe: ozone rural AOT40 for forests in 2013 



Europe: ozone exposure trend for crops  
1996-2013 

Source:   EEA 2016, Air Quality Report 



Ozone trends: background and peak levels 

Source:   EMEP-TFMM 2016_Air pollution trends in the EMEP region 



Ozone trend in remote rural sites 

Source:   EMEP-TFMM 2016_Air pollution trends in the EMEP region 



NO2 trend in the EMEP region 

Source:   EMEP-TFMM 2016_Air pollution trends in the EMEP region 



VOCs trend in the EMEP region 

Source:   EMEP-TFMM 2016_Air pollution trends in the EMEP region 



Ozone present impacts on crops, 
forests and biodiversity 



Metric for ozone impact on vegetation  



Crops exposure to ozone worldwide in 2000 

Source: Avnery  et. al.,2011, Atm. Env. 45, 2284-2296 



Yield loss (soybean, maize, wheat) in 2000 

Source: Avnery  et. al.,2011, Atm. Env. 45, 2284-2296 



Crop yield reduction worldwide (2007-2015) 

Source:  WGE 2016, Field evidence of ozone impacts on vegetation 



OTC validation experiments 

Source:  WGE 2016, Field evidence of ozone impacts on vegetation 



Risk maps for ozone exposure of crops in Europe 
1990-2006 

Source:   Mills et. al. 2011, Global Change Biology 17, 592-613   



Ozone exposure for forests   
(AOT40 vs POD1)  

Source:   EMEP 2016, Status Report 



Ozone exposure for forests  
POD1.6 vs AOT40  

Source:   UK Royal Society 2008, Science Policy Report 



Ozone impacts on biodiversity 

Source:  WGE 2016, Report on biodiversity 



Grassland exposure to ozone 

Source:  WGE 2016, Report on biodiversity 



Risk assessment for grassland 

Source:  WGE 2016, Report on biodiversity 



Risk map for grassland 

Source:  WGE 2016, Report on biodiversity 



Crossed interactions between ozone 
and climate change 



Ozone, climate and ecosystem interaction 

Source:   UK Royal Society 2008, Science Policy Report 



Ozone as a driver of climate change 

Source:   Sitch et al. 2007, Nature  448, 791-795  



Impacts of climate change on ground ozone levels 
     
• Emission fluxes of ozone precursors  
 (e.g. VOC from vegetation, NOX from soil and lightning, CH4 from 

wetlands and NOX, CO and VOC from wild fires); 
  
• Atmospheric chemistry  
 (e.g. via changes in temperature and atmospheric water vapour 

content); 
 
• Atmospheric dynamics  
 (e.g. boundary layer ventilation, convective mixing, prevalence of 

anticyclonic blocking highs, precipitation, and stratosphere-
troposphere exchange); 

 
• Loss of ozone by dry deposition to vegetation 
 depending on soil moisture content and CO2 concentrations.  

 



Factors influencing biogenic VOCs emission 



The puzzle of isoprene emissions 

Source:   UK Royal Society 2008, Science Policy Report 



Ozone sources and sinks affected by climate change  

Source:   UK Royal Society 2008, Science Policy Report 



Deposition parameters are in turn affected by CC 

Source:   UK Royal Society 2008, Science Policy Report 



Stomatal opening vs temperature 

Source:   Mills  et al. 2016,  Env. Poll. 208, 898-908 



Role of stomatal sluggishness 

Source:   Hoshika and Paoletti 2015, Nature Scientific Reports 5:09871  



Drought and ozone in the stomatal opening 
regulation 

Source:   Wilkinson and Davies, 2010, Plant Cell Env.  33, 510-525 



Interference of ozone + ethylene in the ABA-induced 
stomatal  opening regulation 

Source:   Wilkinson and Davies, 2010, Plant Cell Env.  33, 510-525 



Nitrogen effect on the response of shoot and 
root biomass to ozone 

Source:   Mills  et al. 2016,  Env. Poll. 208, 898-908 



Ozone and CC extreme events: heat waves  

Source:   UK Royal Society 2008, Science Policy Report 



Forests effects on climate change 

Source:   Bonan 2008, Science 320, 1444-1449 



Ozone future projections 



Ozone, methane and NOx 

Source:   UK Royal Society 2008, Science Policy Report 



NO2 anthropogenic predicted emissions  

Source:   UK Royal Society 2008, Science Policy Report 



CH4 predicted emissions 

Source:   UK Royal Society 2008, Science Policy Report 



Expected changes in surface ozone due to 
increase of isoprene and soil-NOx emissions 

Source:   Zeng, Pyle, Young  2008, Atmos. Chem. Phys.  8, 369-387 



Ground ozone concentration projections  
under RCP and SRES scenarios 

Source:   Mills et. al. 2016,  Env. Poll. 208, 898-908.  



Ozone projections by 2030 

Source:   UK Royal Society 2008, Science Policy Report 



Changes in surface ozone due to CC only 

Source:   Zeng, Pyle, Young  2008, Atmos. Chem. Phys.  8, 369-387 



Changes in surface ozone due to emission changes only 

Source:   Zeng, Pyle, Young  2008, Atmos. Chem. Phys.  8, 369-387 



Source:   Watson et al. 2016, Atm. Env. 142, 271-285 

Changes in surface ozone due to CC only 



Changes in emissions under CLE and MFR scenarios 

Source:   Watson et al. 2016, Atm. Env. 142, 271-285 



Source:   Watson et al. 2016, Atm. Env. 142, 271-285 

Changes in surface ozone due to emission changes only 



Lurking uncertainties 

• Changes in temperature 

• Changes in atmospheric humidity and SWC 

• Anthropogenic GHGs emissions (N2O and CH4) 

• Anthropogenic  high-ox NOx  emissions  

• Natural soil & vegetation emissions  

• Hemispheric transport patterns  

• Feedback (-) by increased water vapour 

• Feedback (+) by increased stratosphere-troposphere 
exchange 

 



Ozone  exposure and risk: projections 



Predicted wheat yield reduction in Europe  

Source:   WGE 2016, Trends in ecosystem  response to ozone 



Global ozone exposure by 2030 under the B1 scenario  

Source: Avnery  et. al.,2011, Atm. Env. 45, 2297-2309  



Yield loss (soybean, maize, wheat) under the 2030 B1 scenario 

Source: Avnery  et. al.,2011, Atm. Env. 45, 2297-2309  



Present and predicted (2100) GPP due to ozone 
effect at fixed CO2 

Source:   Sitch et al. 2007, Nature  448, 791-795  



Critical yield losses: 
world cereal demand by 2050 

Source:  Tester and Langridge 2010, Science  327, 818-822   



International policy  



Il protocollo di Gothenburg (1999, rev 2012): 
obiettivi  



Il protocollo di Gothenburg: 
Annex I, part III 



Il protocollo di Gothenburg: determinazione dei livelli critici 



Il protocollo di Gothenburg: 
livelli critici per l’ozono 



Il protocollo di Gothenburg:  
ruolo della ricerca scientifica 



The UN-ECE Convention on Long-Range Transboundary Air Pollution 



Climate change adaptation strategies 



Requested emission reduction under RCP ≤ 4.5 scenarios  

Source:   Rogelj et a. 2015, Nature Climate Change, 5,  519-528 



Adaptation is based on risk assessment 



Local climatic pressure 

Source: Espon 2013, Climate Project 



Source: Espon 2013, Climate Project 

Impacts, vulnerability and resilience factors 



The adaptation process 



 Two examples of sectoral 
adaptation at global level 



Adaptation and forests 

Source:   Millar and Stephenson 2015, Science  349, 823-826 



Adaptation and forest management  

Source:   Millar and Stephenson 2015, Science  349, 823-826 



Adaptation practices in agriculture 

Source:   Tanaka et al. 2015, Nature Scientific Report  5:14312 



Two examples of adaptation strategies 
 

• The UK National Adaptation Plan (UK-NAP) 

• The Regional Adaptation Strategy of the 
Lombardy Region (RL-SRACC) 



The UK National Adaptation Plan 



Climate change evidences and projections 

Plenary 

 workshop  
	 	

Spatial distribution of the projected thermometric anomalies for 
the period 2071-2100 compared to mean temperature of the 
reference period 1971-2000. Source: with data from Gobiet et al. 
2013  

Example of climatic information presented during the workshops. 
Left: evolution of intense precipitation events during the period 
1984-2003 compared with 1958-1982 in two weather stations of 
the Lombardy territory. Right: map of the rainfalls intensity in the 
Lombardy territory during the 1961-1990 time period. Source: with 
data from STRADA Project. 2013 

The  Lombardy Region adaptation strategy 



climate change impacts and vulnerabilities 

Plenary 

 workshop  

	

Projected impact of climate change on the winter tourism sector in Lombardy:  projected percentage of skiing areas below the 
snow line (Snow Reliability Line) by provinces under two different future scenarios of global warming. Source: with data form 
Kyoto Lombardia Project. 2008  



Definition of adaptation objectives priority and outline of specific 
adaptation options (bis) 

Adaptation objectives priority and specific adaptation options 

Plenary 

 workshop  

Relevant impacts per sector  

Adaptation objectives   
Proposed adaptation 

measures  

Weighting process (2 parameters) 
 
i. Relevance of each impact from a sectoral 

point of view (1=very low importance; 
5=very high importance)  
 

ii. Need for actions to fulfill each adaptation 
objective (1=very low priority;  5=very 
high priority)  



Objective and measures prioritarization 

Plenary 

 workshop  

Relevance of 
each impact  
(from 1 to 5) 

Need of adaptation 
actions in each adaptation 

objective (from 1 to 5)  

Simple additive weighting algorithm to determine objective priorities...  

Priority of 
Adaptation 
objectives 

(from 1 to 5) 

(W1+W2+W3+Wn,,,) /n    +      (W1+W2+W3+Wn,,,) /n  / 2    =    P 



Conclusion and wishes  



The life on earth and its fight against the oxygen revolution(s) 

Source:   T. Lenton and  A. Watson, 2013, Revolutions that made the Earth, Oxford 



The United Nations’ Sustainable Development Goals  
(2016-2030) 



The fight against ozone impacts for a sustainable development 







Grazie per la vostra attenzione 


