The Effect of Ozone Stomatal Conductance on Isoprene
Emissions above a Northern Hardwood Forest
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Introduction

Calculations and Models

Isoprene (2-methyl-1,3-butadiene), one of the most abundant and
reactive biogenic volatile organic compounds (BVOCs), is emitted by
plant species like oak, aspen, and poplar. Isoprene emissions have a
diurnal pattern due to the light, temperature, and photosynthetic
dependence of isoprene production. Besides increasing the
thermotolerance of a plant, isoprene also acts as an antioxidant within
a plant, reacting and neutralizing ozone and peroxides, though it is not
yet clear where these reactions occur. Isoprene contributes to
secondary organic aerosol formation , and reacts photochemically in
the presence of NOx to produce tropospheric ozone.
The Model of Emissions of Gases and Aerosols from Nature (MEGAN)
predicts the net terrestrial biosphere emission of isoprene
into the atmosphere using environmental parameters, such as
temperature and sunlight. It is an important tool for estimating
changes in biogenic emissions due to climate change, which are
important in the photochemistry of the atmosphere.

The measurement tower at
the University of Michigan
Biological Station.
The tower height is 32m, and
the canopy height is 22m.

A resistance analog model of gas transfer was used to calculate the
stomatal conductance of ozone (Hogg et. al, 2007). Latent and
sensible heat flux values were used to determine the total canopy
and stomatal conductances for water. Then, ozone flux and
ambient ozone concentration values were used to calculate canopy
surface conductance for ozone. The conductivity of water was then
compared to the diffusivity of ozone based on molecular mass to
calculate the ozone stomatal conductance. The Parameterized
Canopy Environment
The resistance analog
Emission Activity
model of gas transfer
algorithm (PCEEA),
which is used instead of
the more detailed
MEGAN canopy
environment model,
was used to normalize
isoprene fluxes. To
determine the
normalized fluxes,
observed isoprene fluxes are divided by the emission activity factor
calculated by the PCEEA. The factor takes into account leaf area
index, photosynthetic photon flux density (PPFD), and temperature.

Data Analysis

Daily Results

Normalized isoprene fluxes and ozone stomatal conductances are plotted
as a function of time of day for two days in 2004.

The graphs above illustrate typical results from all years. On some days,
there is a positive correlation between normalized isoprene flux and ozone
stomatal conductance (July 13), but on other days (August 4) there is little
correlation.

In 2002, 43% of the filtered days showed a positive linear relationship
(R2>0.5) between normalized isoprene flux and ozone stomatal
conductance. In 2004, 37% showed this relationship, and in 2005, 40%
did.

Flux data were analyzed using thirty minute averaged periods
between 8:45 am and 4:15 pm each day. Data were filtered by
removing days with less than 8 points of concurrent ozone stomatal
conductance and isoprene emission data. Based on these criteria,
there were no data for 2003, so this year was discarded for daily
analysis.

Overall Yearly Results

Between 2002-2005, isoprene flux, ozone flux, and ambient ozone
concentrations (~40 ppbv) were measured at the University of
Michigan Biological Station (UMBS). Measurements were conducted
between mid-May, when isoprene levels begin to increase, and the end
of September each year, when isoprene levels fall back to zero (leaf
senescence). Aspen and red oak, major isoprene emitters, represent
69% of the biomass within a 1 km radius of the tower.

The graphs above show the R2
value (correlation between Fiso
and gsO3) versus maximum daily
temperatures for 2002, 2004,
and 2005.

Objectives
UMBS measurements were analyzed to determine whether isoprene
emissions increased with greater ozone stomatal conductance.
Literature studies show that exposing an isoprene-emitting plant to
ozone at high concentrations (> 100 ppbv) (within enclosures) for
extended periods of time stimulates isoprene production, which
decreases ozone damage to leaves (Fares et. al., 2006). This study aims
to:
• Determine other parameters besides temperature and light that are
important drivers of isoprene emissions.
• Learn the relationship between ozone intake at ambient ozone
concentrations and isoprene emissions in plants at UMBS.
• Increase our understanding of isoprene emissions to improve models
like MEGAN that create BVOC emission inventories.

The above graphs show normalized isoprene fluxes plotted against ozone
stomatal conductance for all days in each year studied (2003 presents data for
days with less than 8 points). Note: differing scales on each graph.

The 2004 data, which is the most complete data set, shows the most
linear positive relationship between normalized isoprene flux above
the canopy and ozone stomatal conductance into the canopy. The
other years show a much less definitive relationship.

Acknowledgments
I would like to thank my fellow REU students Jennifer Croskrey and
Christine Trac for their organized work, and Alan Hogg for his useful
ozone deposition data. This work was supported by the National
Science Foundation’s REU program under grant number 0754990.

2002 was the only year that displayed a distinct relationship between
R2 for each day and an environmental parameter (temperature). Other
years showed no clear relationship with any other parameter, including
relative humidity, PPFD, soil moisture, latent and sensible heat flux,
friction velocity, wind speed, ambient ozone concentration, and
differences in daily ambient ozone concentration.

Conclusions
•Contrary to results obtained from enclosure experiments, canopy
scale isoprene flux measurements showed no clear correlation with
ozone stomatal conductance. Correlations did not improve with any
environmental parameter.
•At ambient ozone concentrations (<90 ppbv), results from enclosure
experiments are not duplicated at the canopy scale.
•Additional work is necessary to include chemical and canopy
transport factors that were not included in this work. Future
experiments should deal with areas or times of higher ozone
concentrations to more closely resemble enclosure experiments.

