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• Ozone damage on vegetation in CLM5 is directly and independently 
influenced by photosynthesis and stomatal conductance based on the 
cumulative uptake of ozone

 
(CUO) through stomata (Lombardozzi et al., 

2015; Lombardozzi et al., 2013; Lawrence, 2019).

• The impact of ozone is estimated for three broad plant functional types 
(PFTs):

1. Broadleaf trees and shrubs

2. Needleleaf trees and shrubs, and 

3. Crops and grasses

Ozone damage parameterization in CLM5
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OzoneMod.F90

Impact of ozone on photosynthesis in CLM5 Lombardozzi et 
al. (2013)
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The correlation of photosynthesis and stomatal conductance 
to cumulative uptake of O

3 
(CUO) across category crop types 

for all other categories (1970-2022)
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The correlation of photosynthesis and stomatal conductance 
to cumulative uptake of O

3 
(CUO) across category tree types 

for all other categories (1970-2022)
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Improved correlation with to predict changes 
in photosynthesis and stomatal conductance 

under chronic ozone exposure
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Regression for change in photosynthesis due to chronic ozone exposure in Rice  
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Regression for change in conductance due to chronic ozone exposure in Rice  
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Plant type
CUO CUO, Ozone Ozone, Gs, time CUO, Ozone, Gs, 

time
R2 RMSE p R2 RMSE p R2 RMSE p R2 RMSE p

Trees

All trees 0.01 19.9 * 0.045 20.1 ** 0.047 20.2 ** 0.046 20.1 **
Temperate 
deciduous tree

0.012 19.3 0.08 0.045 18.9 * 0.045 19.02 * 0.059 18.8 *

Temperate 
evergreen tree

0.085 24.1 * 0.086 25.0 * 0.103 26.1 * 0.391 22.4 **

Tropical 
evergreen tree

0.021 21.6 0.42 0.034 21.9 0.6 0.381 17.8 * 0.752 15.4 **

Crops
All crops 0 21.4 0.71 0.231 18.8 ** 0.258 18.4 ** 0.381 17.2 **
Wheat 0.05 18.8 * 0.144 18.1 ** 0.222 16.9 ** 0.401 14.9 **
Soybean 0.005 28.5 0.35 0.307 23.6 ** 0.370 22.1 ** 0.457 20.5 **
Rice 0.015 11.6 0.40 0.649 8.9 ** 0.777 8.2 ** 0.860 6.9 **

Improved correlation with to predict changes 
in photosynthesis
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Improved correlation with to predict changes 
in photosynthesis
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Insights from the preliminary results from 
the testing of  new ozone damage 

parameterization:

Test experimental Set up:

• Single point (41.63° N, 96.65° W) simulation for 2011-2013

• Spring wheat as dominant PFT

• Ozone damage parametrization for wheat

• For ozone concentrations of 100ppb, 70 ppb and 40 ppb
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Photosynthesis, TLAI and GPP at 100 pb
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O
3
 uptake, conductance and canopy transpiration 

at 100 ppb
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Changes under different ozone concentrations
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Findings from the preliminary simulations

• The new ozone parameterization is not very sensitive to change 
in O

3
 for change in photosynthesis and stomatal conductance

• The decrease in photosynthesis is very large compared to 
stomatal conductance

• One reason might be mismatch between timestep (and possibly 
variable units) in the parametrization and model 

• The sudden drop in photosynthesis seems to be related with 
spike in plant stomatal conductance

• These might be due to lack of sufficient stomatal conductance 
data in the observation dataset used to derive the 
parameterization



Step forward from the preliminary 
simulations

• Fine-tuning of the parameterization to ensure accurate 
translation of the derived parameterization from observational 
data  to the model

• The new parameterization introduces four variables, adding 
complexity to tune the model

• Considering the model's variable units and time frequency to 
fine tune tune the parameterization

• Regional and global simulations to further refine and tune the 
parameterization

• Defining upper and lower limit coefficients for the variables in 
the parameterization  

• These limits will help ensure that the parameterization remains 
within a realistic and feasible range
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Thank You
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Appendices
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Categories and levels describing the data collected from experiments 
studying ozone effects on photosynthesis and stomatal conductance

Category Categorical Level

Plant Type Crop
 

(81, 903)

Shrub
 

(9, 35)

Grasses (C3 & C4)
 

(5, 11)

Herbaceous
 

(13, 49)

Temperate 
deciduous tree
(84, 775)

Temperate 
evergreen 
tree
(21, 180)

Tropical 
evergreen 
tree
(9,48)

Crop Type Wheat

(30, 276)

Soybean

(13, 209)

Rice

(9, 94)

Maize

(2, 26)

Pulses

(8, 202)

Sugarcane

(1,8)

Cotton

(1,4)

Control Air Ambient

(56,716)

Charcoal 
filtered
(166, 1225)

     

Exposure System Greenhouse 

(9, 125) 

Growth 
chamber 
(69, 505)

Open-top chamber
(92, 935)

Free-air 
enrichment
(52, 382)

   

Ozone conc. bins 
(ppb)

25 to 50
(11, 159)

50-75
(76, 421)

75-100
(74, 751)

100-125
(13, 197)

125-150
(12, 64)

>150
(7, 44)

 

Rooting 
environment

Pot
(163, 1316)

Ground
(72, 626)

     

Vulnerability to 
Ozone

Low
(42, 230)

Med
(99, 890)

High
(81, 765)

    

Data Confidence Low
(98, 698)

Med 
(104, 919)

High
(14, 84)

    

• Data from 235 papers (almost 1600 data points) published from 1970 till the present.
• Data points within the associated categorical level: (# of studies, # of data points). 
• For details see Lombardozzi et al. (2013)
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Total Ozone flux in sunlit and shaded leaves
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Change in sunlit and shaded Stomatal conductance
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