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Effects of CO2 on Atmospheric Chemistry
1. Inhibits isoprene emission:
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Effects of Elevated CO2 in 2050 on Surface Ozone
1. Examine ozone changes due to RCP4.5 and RCP8.5 land use change 
2. Examine additional effects of elevated CO2 on top of land use change

[Wong et al., in prep]
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1. Examine ozone changes due to RCP4.5 and RCP8.5 land use change 
2. Examine additional effects of elevated CO2 on top of land use change

CO2 fertilization

Stomatal conductance

Isoprene inhibition

Combined effect

pp
bv

Eisop ↓ 30%

gs ↓ 30%

LAI ↑ 10%

Additional effects of 2050 RCP8.5 CO2 (525 ppm) on surface ozone
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Ozone Feedbacks Mediated via Vegetation

Effects of ozone damage on plants:
‣ Reduces photosynthesis and LAI
‣ Reduces stomatal conductance

[Sadiq et al., ACP, 2017; Zhou et al., in prep]



Ozone Feedbacks Mediated via Vegetation

Effects of ozone damage on plants:
‣ Reduces photosynthesis and LAI
‣ Reduces stomatal conductance

1. Implement Lombardozzi et al. 
[2015] ozone damage scheme in 
CLM4.5-BGC

2. Run CLM at different [O3] levels 
until quasi-steady state

3. Parameterize simulated relationship 
between [O3] and LAI (L) for each 
grid cell, month and PFT:
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[Sadiq et al., ACP, 2017; Zhou et al., in prep]



Effects of O3-LAI Coupling on Simulated Ozone
potential LAI =
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4. Derive potential LAI unaffected by O3:  
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MODIS LAI

�(simulated [O3])

Read mean [O3] of 
previous month 

Calculate γ

input LAI = 
potential LAI × γ

Simulate [O3] of 
this month

5. Run with online O3-LAI 
coupling in GEOS-Chem:

Run from 2009-2011

4. Derive potential LAI unaffected by O3:  

O3-affected LAI − potential LAI

Resulting changes in [O3] (ppb)

JJA

JJA

[O3] ↑: dry dep ↓ (5-20%) offsetting isoprene ↓ (5-20%) 
[O3] ↓: PAN ↓ (greatly) where isoprene ↓ (?)



Conclusions and Future Work
Conclusions:
‣ Elevated CO2 suppresses isoprene emission and stomatal 

conductance, leading to compensating effects on surface ozone; 
effect of CO2 fertilization is smaller.

‣ Combined effect of 525 ppm CO2 is in the range of −1 to +4 ppb.
‣ O3-induced damage on LAI leads to an ozone feedback of −1 to 

+3 ppb, and reflects compensating effects of reduced dry 
deposition and isoprene emission.

Ongoing and future work:
‣ Parameterizing ozone damage on stomatal conductance
‣ Combined O3-CO2 effects in past and future climates
‣ Farquhar-Ball-Berry model in GEOS-Chem to calculate stomatal 

conductance
‣ Terrestrial Ecosystem Model in R (TEMIR) driven by MERRA2 or 

GEOS-FP surface fluxes and met fields


