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1. Motivation

2. Dry deposition in GEOS-Chem

Ground level ozone is a major air pollutant that adversely
affects human health and agricultural productivity. However,
current generation of chemical transport models (CTMs) are
often unable to capture ozone concentration, its variability
and correlation with meteorology. One possible cause
could be an over-simplistic representation of vegetation in
CTMs that does not account for the ecophysiological
responses of plants to varying conditions. We thus propose
the development of an ecophysiology module that may
better represent plant-atmosphere fluxes, and can also
be used to evaluate pollutant impacts on plants.

The dry deposition in GEOS-Chem is represented by the
resistance-in-series model (Wesely, 1989). Some important
features of the scheme is presented below:
• The surface resistance consists of several highly
parameterized components, including the bulk canopy
stomatal resistance.
• The bulk canopy stomatal resistance is empirically scaled
with surface temperature, absorbed photosynthetically
active radiation (PAR) and leaf area indices (LAI).
However, it does not vary with water stress or CO2 level.

5. Results and Discussions
Turning on the ecophysiology module increases the O3
concentration by ~5 ppbv, and up to 15 ppbv for some
locations, after 1 month of simulation period. This corresponds
to ~30% increase. The locations where O3 concentration
increases the most seem to coincide with where broadleaf
trees are dominant, e.g., eastern US and central African forest.
The changes in total dry depositional flux of O3 are generally
consistent as most places show a ~30–40% decrease. Small
increase in dry deposition fluxes is likely caused by advection
of elevated O3 concentration from places with suppressed sink
of O3.

3. Ecophysiology module description

Based on the results above, we conclude that the
ecophysiology module causes an increase in stomatal
resistance compared with the default Wesely (1989) scheme.

The ecophysiology module aims at simulating photosynthesis and the bulk
canopy stomatal resistance phenomenologically. This would ultimately allow
investigation of both air quality and plant health under extreme weather
conditions, future climate and semi-hypothetical scenarios.
We adopt the formulation used by the Joint UK Land Environmental Simulator
(JULES) to represent important vegetation processes which control the atmospherebiosphere exchange of water, CO2 and ozone. Fig. 1 shows the flowchart of the
coupled dry deposition module and ecophysiology module.
Plants are categorized by 5 plant function types (PFTs): broadleaf tree, needleleaf
tree, C3 grass, C4 grass and shrub. We mapped the GEOS-Chem default Olson
land types into these 5 PFTs. Fig. 2 shows the PFT map in 0.25°×0.25° resolution.

Inputs of ecophysiology module:
• MERRA-2 meteorology
• O2 and O3 concentration at the lowest model level
• Aerodynamic and boundary layer resistance for O3 from dry deposition module
• HadGEM2-ES soil ancillary maps (soil moisture at saturation, critical point and
wilting point)
• PFT-specific parameters from JULES

Figure 3: a) Difference in instantaneous O3 concentration contributed by
ecophysiology module after 1-month simulation (1 Aug – 1 Sep 2002)
b) Percentage difference in total dry deposition flux of O3
concentration under the same setup as in a).

By comparing the modeled surface ozone concentration to
hourly O3 data available from CASTNET site measurements,
we found an overestimation in the daytime mean ozone
concentration, especially for broadleaf tree sites.
Fig. 4 shows the comparison between measured daily mean O3
concentration in broadleaf tree sites and modeled concentration
on nearby model grids. While overestimation is found in both

cases, turning on the ecophysiology module further enhances
the bias. Further investigation and tuning of model parameters
may be needed to improve the model performance.

Figure 4: Comparison between measurements of daily mean O3 concentration
in CASTNET broadleaf tree sites and model results on nearby model
grids. Only local daytime (8 am – 6 pm) is included. Red (blue) color
refers to enabled (disabled) ecophysiology module.

6. Limitations
The biosphere is complex and we naturally expect there are limitations that would affect the module performance. Here we
highlight some important limitations:
• Leaf nitrogen is parameterized for each PFT. Photosynthesis is directly proportional to leaf nitrogen under Rubisco-limited
regime of the Farquhar model. Therefore model results may be inaccurate when there is deficient soil nitrogen.
• Soil moisture stress factor may be very sensitive to soil moisture, which cannot be directly measured.
• Ozone damage scheme may be incorrectly implemented. Currently its effect is a lot smaller than past studies have shown.

7. Conclusion and Future work
Figure 2: PFT map obtained by mapping Olson land types into 5 PFTs: broadleaf tree, needleleaf tree, C3
grass, C4 grass and shrub. The spatial resolution is 0.25°×0.25°.

4. Model configuration

Figure 1: Flowchart of dry deposition and
ecophysiology modules in GEOS-Chem.

• GEOS-Chem version 12.2.0
• 1-month tropospheric chemistry simulation (August 2002)
• Grid resolution: 2°×2.5°
• Meteorology: MERRA-2
We investigated two cases: a) ecophysiology module is turned on; and
b) ecophysiology module is turned off.

We present a model framework on developing and incorporating an ecophysiology module in GEOS-Chem. Activating the
ecophysiology module increases the surface ozone concentration by ~5 ppbv after 1 month of simulation interval. This
worsens the model performance in simulating summertime ozone over the US. Future work includes comparing model results
with other measurements such as EMEP and AQS, investigating the implementation of the current schemes, implementing other
schemes for comparison, and testing how the module would affect the forecast of O3 under elevated CO2 scenarios in the future.
This module will also provide a unique ability to investigate the effects of pollutant deposition on plant health.
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