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Spatial and temporal scale of tropospheric ozone 
Hadley Centre Global Environmental Model 2- Earth System 

1950-2005 Historical ozone distribution 

 

 



Projection of tropospheric ozone 
Representative Concentration Pathway (RCPs) of 
tropospheric ozone trajectories 

RCP 2.6 
RCP 4.5 
RCP 6.0 
RCP 8.5 

O
zo

n
e

 p
p

b
v 

1
8
  
  

 2
0
  

  
 2

2
  

  
2
4
  

  
 2

6
  

  
 2

8
  

  
 3

0
  

  
3
2

 

Years 



Biochemical effect of ozone on plant 

 

 

 

 
Castagna et al. (2009) 

 
Maximum RuBP saturated rate of 
carboxylation (Vc max) 

Leaf Area Index  

Gross Primary Productivity 

Stomata conductance 



Crop production loss due to ozone 

 

Atmospheric Environment 43 (2009) 604-618 



Economic loss due to ozone damage 

 

Atmospheric Environment 43 (2009) 604-618 



SoyFACE project 
ÅO3 Free Air CO2 Enrichment (FACE-

O3) on soybean at Illinois, USA 

ÅChamber environment modifies 
plant response and underestimate 
the yield losses.  

ÅSoyFACE allows controlled CO2 and 
O3 enrichment to simulate different 
RCPs in 2100.  

Å20m diameter 

ÅFumigate 9 hours per day 

ÅStop fumigation if the leaves are 
wet 

 

 



 

Betzelberger et al., 2012 SoyFACE ozone concentration 
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Knowledge gaps 

ÅThe sensitivity of different crop species to O3 

ÅThe combined effect of O3 on crops with other stress (e.g. drought, 
climate change, excessive nitrogen deposition, pest)  

ÅRegional implications of to O3, CO2 and drought interaction 

ÅCoupled Ozone-climate interactions 

ÅImpact of O3 damage on different plant tissue 

ÅThe implication of ozone damage to food security 



Joint UK Land Environment Simulator (JULES)-Crop 

ÅCropland and pasture represent 12% and 
26% of land surface  

Å5 normal plant functional types 

ÅC3 and C4 crops 

ÅDifferent day sensitivity and growth rate.  

ÅSimulate farm-level productivity 

Å4 Crop functional types 

ÅVariables associated with climate change 
e.g. drought, flood, rising temperature  



JULES - Crop 
JULES-Crop 



Crop Development Index 
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