Development of Crop-Ozone
Response Functions

Will Selvidge’, Danica Land Model Working Group
Lom!)ardozzi"“, Jinmu Luo?, 2/24/2026
Jyoti Singh?

Colorado State University?, Cornell University?, Columbia Universitys,
National Center for Atmospheric Research*




| Background

Introduction

- Two layers of
atmospheric ozone

J

. This talk focuses on the o e
lower layer J
Troposphere / Surface ozone
- Commonly referred to as S,
tropospheric ozone or
surface level ozone
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Source: UN Eviohment Progréﬁme (UNEP), 2021.
"A Tale of Two Ozones." ozone.unep.org
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Introduction

\%

VOC and
No, react
with sunlight

« Surface level ozone (0,) is created
through atmospheric interactions

 Nitric Oxides (NO,) and Volatile Organic
Compounds (VOCs) are released into
the atmosphere through fuel emissions

O; Formed
« NO, and VOCs then react with

sunlight to produce O,

« This ozone is harmful to plants and
humans

« High regional variability in surface
level ozone concentrations
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O, in Plants -

LEAF CROSS SECTION

Leaf top

« Harmful ozone enters plants through
the stomata cells
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Interior cells

« The ozone travels through the leaf and
damages photosynthesis cells

Leaf bottom

Ozone enters the leaf through open pores (stomata) in the bottom surface of
the leaf. It travels through the leaf’s interior and damages the cells that are
responsible for photosynthesis. This damage causes the cells to die and
shows up as spots (stipples) on the leaf's top surface.




| Background

O, in Plants

« Harmful ozone enters plants through
the stomata cells

« The ozone travels through the leaf and
damages photosynthesis cells

 This results in visible damage on
surface of plant leaves

Source: NSF
National Center for
Atmospheric
Research (NCAR)
Ozone Garden
Image Gallery,
University
Corporation for
Atmospheric
Research (UCAR).
https://research.cgd.
ucar.edu/ozone-
garden/gallery/

 Surface level ozone also impacts plant
transpiration processes
 Impacts vary across plants
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O, in Crops

Ozone Damage

Impacted
Plant
Physiology

Specific Crop
Impacts

Muted impacts due to high variability

 Crops
* (Ozone exposure

Synthesized
Specific Crop
Representation

Synthesized
Crop
Representation

CLM

\/

* Conductance measurements

One overall crop function

Improved Ozone-
Crop Damage
Representation




Il Methods

Data

““ L L
Lombardozzi 1971 -2011 Previously Collected Added
(2013) Wheat

s Exposure System Leaf Age
Singh (2024 36 433 2011-2022
in process) Soybean Rooting Environment Plant Stage
Corn

Control Air Type
Total 57 652 1971-2022  Cotton
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Simulations

Develop Response

Fiin~tinn

3 Differing Low and High
Functions Damage




Response Functions

IV Results
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* Indicates significant p value <0.05 in new functions
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Simulations
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Simulations

IV Results

GRAINC (gC/m*2)
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Simulations

IV Results

Crop in Leaf
Emergence Stage

Growing Degree Days Reach Crop Max TLAI

Crop in Grain Fill




TLAI (MA2/mA2)
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IV Results

i

High

A'pr

M'ay

Jun

Jul

Aijg

Simulations

Higher Damage

Higher TLAI

Increased shading lowers Soil
Temps

Higher TLAI + some positive
responses increases
Transpiration

Increased Transpiration causes
more evaporative cooling,
reducing 2m Air Temps

Lower 2m Air Temps reduces the
accumulated GDD, lengthening
the growing season
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Simulations

Higher Damage

Higher TLAI

Increased shading lowers Soil
Temps

Higher TLAI + some positive
responses increases
Transpiration

Increased Transpiration causes
more evaporative cooling,
reducing 2m Air Temps

Lower 2m Air Temps reduces the
accumulated GDD, lengthening
the growing season

Results in higher total GPP,
Transpiration, TLAI, and Yield

M'ay

JL:m

Jul Alg



Conclusion

Conclusion

Different ozone predictors do not appear to improve
predicting physiological crop damage to ozone
exposure.

Individual crops show variability in their responses to
ozone damage within CLM.

Need to develop individual crop response functions.

Work is still in progress, more to come!



Thank you

Contact information:

willbse@colostate.edu or danica.lombardozzi@colostate.edu
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