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Abstract

The influence of clouds on photochemistry remains a significant uncertainty in global chemistry models. Variability in cloud
fraction, morphology, phase and optical properties provides significant challenges to models with horizontal resolutions that
far exceed the scale of most clouds. Measured photolysis frequencies derived from the Charged-coupled device Actinic Flux
Spectroradiometers (CAFS) on board the NASA DC-8 during the Atmospheric Tomography (ATom) mission in 2016 provide
an extensive set of statistics on how clouds alter the photolytic rates throughout remote ocean basins. Here we focus on north
and tropical pacific transects during the first deployment (ATom-1) in August 2016 including regular profiles through cloudy,
partly cloudy and clear conditions. Nine global chemistry—climate or —transport models provide similar statistics on J-values
for regional domains encompassing the measured flight path. The statistical picture of the impact of clouds on J-values emerges
through the distribution of the ratio of the cloud influenced models and measurement to corresponding cloud free model runs
(J-cloudy/J-clear). The models all reproduce general patterns of enhancement above and shading below cloud, but diverge in

distribution patterns and clear sky prevalence.
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* Models diverge into two distinct classes of higher and lower clear-sky prevalence I ; of the natural log of the ratio of cloudy-to-clear JNO,
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* CAFS data supports lower prevalence but not robustly enough to be conclusive
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All histograms sum to 1, but for many models the peak
values about rlnJ = 0, corresponding to cloud-free skies,
are truncated. Where a significant fraction of events
does not fit within the = 0.3 range (on the high side for
100 — 900 hPa and low side for 900 — surf hPa) the
column of numbers, placed on the appropriate side and
color coded to the legend, gives the fraction of
occurrences outside the range.
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* Tropical Atlantic is more variable, likely due to aerosols and greater cloud dynamics
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Cloud data includes: cloud fraction (CF), in-cloud ice/liquid water path and effective radius, or in-cloud ice/liquid optical depth (OD in the visible). Xonleft, ~0.74,
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**Briegleb's (1992) method approximates max-random overlap with a single column atmosphere and adjusted effective CF such that the COD in the grid cell is COD(in-cell) = COD(in-cloud) x CF>/2. Location of ‘X’ = mean value for all R < 0.975 (left) and R > 1.025 {right)
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