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Fig. 1. Annual mean
stratocumulus cloud
cover with areas of
interest outlined in
black (Hahn and
Warren, 2007).

Max.

Fig. 4. Normalized
frequency of
drizzle by time
and region for
the year with the
minimum (left)
and maximum
(right) drizzle
occurrence
during the a) day
and b) night.

Fig. 8. Day – night mean
drizzle frequency for the
3 study regions
(left column) and
night – day CCMP mean
surface divergence data
(right column).
Areas of locally higher
drizzle frequency near the
coast are often collocated
with localized surface
convergence.

Introduction

Marine stratocumulus clouds are important sources of net cooling in the global
radiation budget and are poorly represented in global climate models. Several
studies have hypothesized that drizzle has a role in modulating low cloud
mesoscale structures, cloud fraction, and albedo. We used an 89 GHz passive
microwave emission algorithm to document the spatial frequency of heavy
drizzle occurrence during the day and at night off the coasts of California, Peru
and, Namibia for the period 2002–2011 (the entire AMSR-E data set). The
resulting climatology is more comprehensive than previous work using the
Cloudsat radar and allows us to do regional as well as interannual comparisons.
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Fig. 5. Nighttime drizzle area aggregated by season, region, and
overpass time. Precipitation frequency area is calculated by multiplying
the sum of the pixels (100 x 100 pixel grid for each 35° x 35 ° regional
area of interest) meeting a threshold frequency by the average pixel
size (2880 km2).
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Fig. 7. (below) Scatter plot of CDNC vs. frequency with point color coded by SST. Drizzle
frequency is highly variable for CDNC <100 cm-3 with SST (a proxy for boundary layer height)
having a large control on the drizzle frequency magnitude.

Fig. 2. Comparison among the 89 GHz drizzle detection method (top row), AMSR-E LWP
> 200 g/m2 (middle row), and MODIS LWP (bottom row). Left column shows the indicated
product which is simplified to a binary drizzle occurrence map in the right column. Data are
from the Namibian region on 26 June 2007.

Methodology

We use 89 GHz emission from AMSR-E to detect heavily drizzling clouds with
LWP > 200 gm2 (Miller and Yuter, 2013). The 89 GHz drizzle detection method
and the AMSR-E liquid water path (LWP) are highly correlated in terms of
spatial distribution (Fig. 2). The 89 GHz drizzle detection method has the
advantage of utilizing finer spatial resolution inputs than AMSR-E LWP and is
available for both day and night overpasses. MODIS LWP is a day-only product.
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Fig. 6. Distributions of
the 89 GHz
precipitation frequency
(a–c), optimallyinterpolated sea surface
temperatures (SST)
(d–f), and cloud droplet
number concentrations
(CDNC, Bennartz,
2007)(g–i).
All distributions are
averaged over the 2003
and 2004seasons. Areas
in gray in the CDNC
(g–i) are shaded because
cloud fraction was too
low (<0.4).

Fig. 3. Normalized frequency of drizzle by region and season over the entire AMSR-E dataset
(2002-2011) for a) daytime and b) nighttime overpasses. Bins where ice-phase cloud
frequency > 33% are shaded in gray and excluded from the analysis. The Californian region is
indicated as NEP (Northeast Pacific), Peruvian as SEP (Southeast Pacific), and Namibian as
SEA (Southeast Atlantic).

Conclusions

Each region exhibits unique seasonal and interannual precipitation trends. In
summary:
• The Southeast Pacific has the highest occurrence of drizzle in every season
compared to the other regions (Fig. 3).
• Nighttime drizzle peaks during the season with highest cloud fraction
(Klein and Hartmann 1993).
• The following vary interannually:
– Overall drizzle frequency(Fig. 5)
– Extent of area of high frequency drizzle (Fig. 4)
– Diurnal variations of drizzle frequency (not shown)
• Moving west from the coast there is a covarying increase in drizzle
occurrence, decrease in CDNC, and increase in SST (Fig. 6). Neither SST
nor CDNC appears to be a dominate control on precipitation frequency.
• CDNC may have a threshold effect wherein a floor value must be reached
for frequent drizzle to potentially occur. Once the CDNC floor is reached,
the height of the boundary layer appears to modulate drizzle with deeper
boundary layers associated with more drizzle.
• Surface convergence may contribute to near-coast drizzle enhancement in
cases were aerosol content and boundary layer height would create an
otherwise unfavorable environment
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