x FFECTS OF CLOUD
il ATTENUATION ON AIR QUALITY:
A COMPARISON OF MODEL
TREATMENTS

Pat Dolwick
Air Quality Modeling Group, Office of Air Quality Planning and Standards
(OAQPS), USEPA, Research Triangle Park, North Carolina




of a regional ozol A
applications over the ea 2 0zone season of 2001, this
analysis attempts to answe! ‘ with regard to clouds and their
attenuation effects on air q‘Uallty |

Jin
1) Can the effects of cloud attenuation on ozone modeling be isolated and quantified?
2) How do various air quality models differ in their treatment of cloud attenuation?

3) Do differences in air quality model outputs result from varying cloud treatment?




» These runs showed that _
suppressing effects on 0z and other photochemically
activated pollutants. R

« This analysis also showed that the two air quality models differ greatly in the
way they simulate the attenuative effects of clouds.

— CMAQ generates stronger-attenuating clouds than CAMx for most combinations of cloud
liquid water path.
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rning off the
attenuation effects in th
simulation.
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* While most of the values are near-
zero, it is interesting to note that the
largest changes in the sensitivity test
occur where the cloud optical depth
values are low.
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In AQ the within-cloud a ar interpolation of cloud top
photolysis and cloud bottom

CAMX treats within-cloud adjustments the same as below-cloud adjustments.

» The equation for cloud transmissivity is the same in both models.

Transmissivity is a function of cloud optical depth and some constants. The same constants
are used in cloud transmissivity calculations.
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“kness, ' quid water,
and d) mean cloud drop radit ; density of liquid water
and the mean cloud drop radi

» Additionally, CAMx does not adjust clear-sky photolysis rates when the cloud
optical depth is less than 5 m. The net effect is that for very optically-thin
clouds, CMAQ will have some adjustment of clear-sky photolysis whereas
CAMx will not.




Cloud Optical Depth as a function of Cloud Depth
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Cloud Optical Depth as a function of Mean Cloud Liquid Water

attenuating conditions when the £ 100
clouds are relatively thin (i.e., less 2 1ono
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1 of the modeling don
impacts on afternoon ozone
could be as high as 40 ppb.
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» While both models predicted similar

Impacts of clouds, the locations of the 0.000
changes differed somewhat between
the two models and the CMAQ -0.010
response tended to be larger despite
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using an identical set of input
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that are typlcally ( fall (i.e., lower I|qU|d water
content), it appears that t imulate more attenuation
(slower photochemistry, les than (

 These model differences are shown to result in differences in the simulated
ozone patterns. While the results are consistent with our concerns of
CMAQ underestimations and CAMx overestimations, it is not clear how big
a role cloud treatments play in this regard.




