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EPA limit: 70 ppb over 8 hours!
!

Human Sensitivity*: ~60 ppb!
Plant Sensitivity*: ~40 ppb!

* There is a lot of variation in human and plant sensitivities. Some humans and plants are sensitive below these concentrations, while 
others are not affected until concentrations are much higher.!

http://science.nature.nps.gov/im/inventory/airquality/!

2005-2009+

+The 4th highest annual value of the maximum daily 8-hour ozone concentration in parts per billion!
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Is this pattern similar for all plant types?                   



127 studies sampled, only 15 contain data for other plant types.!
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1. Leaf processes?

Questions for today:
How does ozone pollution change:

Photosynthesis decreases more than conductance

Models must be adjusted properly to account for the 
differences in photosynthetic and stomatal responses
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Community Earth System Model!





127 studies sampled, only 15 contain data for other plant types.!
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1. Leaf processes?

Questions for today:

2. Global terrestrial processes?

How does ozone pollution change:

Global C gain decreases more than H2O lost

Hydrological impacts, including increasing surface runoff
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Estimated 65% increased demand



Corn*!

Soy*!

Wheat! Sugarcane!

Cotton! Rice!

* Temperate and tropical varieties!

CLM-Crop!



Plant!

Fertilize (N only)!

Irrigate!

Harvest!
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Combined O3 CO2 Climate

Estimates based on 
FACE experiments!

Lombardozzi et al. In Prep!
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How does ozone pollution change:How does ozone pollution change:

1. Leaf processes?

2. Global terrestrial processes?

Questions for today:

3. Crop yields?
•  Yield depends on region and crop type
•  O3 and climate: decrease future yields

•  CO2: increases future yields, and its effect is overestimated

Future crop yields likely won’t meet the estimated 65% 
increased demand. 
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Vegetation O3 damage: 
•  Damages photosynthesis more than conductance!
•  Changes global-scale water and carbon exchange!

• Decreases crop yields!





Danica Lombardozzi
dll@ucar.edu





Questions for today:

Climate & chemistry feedbacks?

How does ozone pollution change:



Community Earth System Model!





Change in Latent Heat 
Flux due to O3 (W m-2)

Arnold, Lombardozzi, et al. In Prep!



Change in Sensible 
Heat Flux due to O3 
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Change in Surface 
Temperature due to O3 (K)

Arnold, Lombardozzi, et al. In Prep!

Regional Temperature 
change due to O3 (K)
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Sadiq et al., ACPD

6% [O3] increase in Northern Hemisphere



Questions for today:

Climate & chemistry feedbacks?

How does ozone pollution change:

Increased surface & air temperatures
Increased [O3] in the northern hemisphere



Vegetation O3 damage: 
•  Damages photosynthesis more than conductance!
•  Changes global-scale water and carbon exchange!

•  Increases surface temperature through changing 

heat fluxes!

•  Increases ozone concentrations!

•  Decreases crop yields!





Engaging Communities in Citizen Science!



%
 o

f T
ot

al
 P

la
nt

s 
In

ju
re

d!



O3 effect 
with fire!

O3 effect 
without 

fire!

O3-Fire Interactions



PROBLEMS & 
CONSIDERATIONS

•  95% available data is 
for temperate plants

•  No strong correlations 
between O3 dose & 
physiological damage

•  High sensitivity to O3 
dose threshold

Uncertainty in parameterization

Lombardozzi et al. 2014

Correlations used in CLM-O3 parameterization
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Gordon Bonan!

Dave Lawrence!

Steve Arnold!

Jed Sparks!

Amos Tai!

Mehliyar Sadiq!

Sam Levis!

Peter Hess!

Collaborators!



Climatological Present Day Ozone!



Change in Ozone Concentrations between 2100 and 2006!



Change = 2100 - 2006 (RCP8.5)!



Forcing	Impact	Calcula'ons	

Climate	Change	Impact	 Constant	Forcings	-	ΔClimate	Change	

CO2	Fer&liza&on	Impact	 ΔCO2	Fer&liza&on	-	ΔClimate	Change	

O3	Impact	 ΔO3	Change	-	ΔCO2	Fer&liza&on	

Combined	Impact	 ΔO3	Change	-	Constant	Forcings	



Arnold, Lombardozzi et al. In Prep!

Comparison of observed vs modeled GPP and LH Flux!











Change in Top of 
Atmosphere 

Shortwave Radiation 
due to O3 (W m-2)

Change in Top of 
Atmosphere 

Longwave Radiation 
due to O3 (W m-2)

Arnold, Lombardozzi et al. In Prep!


