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Background

* Clouds affect atmospheric chemistry by modifying dynamics

and chemical processes:
* Planetary boundary layer (PBL) development and vertical mixing
Cloud-aerosol-radiation interactions

Surface insolation and temperature
e Further affect biogenic emissions of volatile organic compounds

(VOCs) and photochemical reaction rates
Lightning-induced nitrogen oxides (NOx) emissions
Wet deposition of trace gases and aerosols

* White et al. (2018) assimilates GOES cloud observations into

WRF model improves cloud and surface radiation fields
* Model performance of surface wind speed, temperature, and
mixing ratio does not degrade



Objective

* Hypothesis
* Impacts on model clouds and surface insolation can change
biogenic VOC emissions and photochemical reactions, leading to
improvements in daytime peak ozone concentration

* Evaluate the impacts of cloud assimilation technique on air

qguality simulations

* Preparing two sets of meteorological background data from WRF
e Control (no satellite data)
* Cloud assimilation (uses GOES cloud observations)
* Processing gridded emissions (except biogenic emissions) through
SMOKE using meteorological data from the control run
e Conducting two air quality simulations using CMAQ
* Biogenic emissions are calculated inline in CMAQ
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Model configuration -

e Study period: June-September 2016 (10-day i
spin up in May) .

* WRF domain: 12 km CONUS (472 x 312), 35
vertical levels (model top at 50 hPa)

* SMOKE/CMAQ domain: EPA 12US2 (396 x 246)
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National cloud/radiation stats

Cloud agreement index quantifies how well model cloud agrees with GOES observation
NOTE: Cloud assimilation showed less improvements when used with Pleim-Xu/ACM2 scheme compared
to Noah-YSU WRF configuration in prior sensitivity study
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Domain-wide stats of surface O3

Hourly observations from the Air Quality System (AQS) were used to
evaluate CMAQ results.
Day and night were separated according to solar elevation.

Mean bias (ppb)  RMSE (ppb) R?
All 34 11.3 0.691
Control Daytime 3.3 10.5 0.696
Nighttime 3.6 12.3 0.566
All 2.4 11.2 0.695
Cloud Assimilation Daytime 2.2 10.4 0.699
Nighttime 2.7 12.2 0.569




Spatial stats of Control surface O3
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Cloud Assim. impacts on surface O3

Absolute Mean Bias Difference
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Diurnal cycle of domain-wide surface O3
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Diurnal cycle of regional surface O3
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Case study — Yorkville, Atlanta, GA

The monitor is typically used as the background monitor for the area
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summary

* In this case, cloud assimilation improves cloud agreement index by

~2.4% on average.
* Note that a Noah-YSU configuration may yield a higher improvement in cloud
agreement than Pleim-Xu/ACM?2.
* Mean bias and error of model predicted surface insolation are reduced

by 13% and 10%, respectively.

* Domain averaged overprediction in surface ozone is reduced by ~1 ppb.
* From ~3.4 ppb to ~2.4 ppb.
* Exceptions were found in California where model skin temperature may be biased. A
skin temperature assimilation may improve model performance.
* Domain averaged daytime peak ozone is reduced by ~47%
* From 3.24 ppb to 1.72 ppb

* Regional daytime peak ozone is reduced most effectively in the
southeast, central-south, and mountain states.
* The southeast and central-south have intense BVOC emissions and more transient

convective clouds
* Reasons for large improvement in the mountain need further investigation
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