Satellite-Derived Warm Rain Rates in Boundary Layer Clouds
Estimated from Co-Located CloudSat and AMSR/E 89 GHz Passive Microwave Observations.
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I. LWP and Rain Rates from Tb
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II. Co-locating CloudSat and AMSR/E, Deriving Statistics

MODIS LWP

MODIS Visible

Aqua and CloudSat fly one minute apart in
the A-Train constellation. This allows for
spatial and temporal co-location of
microwave Tb observations and satellite
radar rain rate retrievals. Each 4×6 km Tb
pixel sampled by both CloudSat and
AMSR/E contains 5 or 6 radar rain rate
retrievals. In the figure on the left,
observations considered co-located are
joined by a blue line.

AMSR/E 89 GHz Tb

Brightness Temperature (Tb)
observed by AMSR/E at 89 GHz is
highest where cloud liquid water
path (LWP) is greatest and where
clouds are thickest. These bright
regions see a much greater
likelihood of rainfall. Variance in
AMSR/E 89 GHz Tb corresponds to
LWP variations on spatial scales
equivalent to individual boundary
layer cloud cells, allowing us to
resolve the spatial patterns of rain
within these cells.
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Co-located CloudSat Rain-Profile rain
rates and AMSR/E 89 GHz Tb show a
strong relationship when plotted
together. A greater likelihood of rain and
greater rain rates are seen when 89 GHz
Tb is warmer.

IV. Curve fitting

The 5 or 6 CloudSat rain rates
observed within each AMSR/E Tb
pixel allow for the computation
of four precipitation statistics per
Tb pixel: The probability of
precipitation (binary), the mean
rain rate, the mean rate when
raining, and the maximum rain
rate.

V. Daily Data
Within each CWV, SST, and WSP
bin, CloudSat Rain-Profile rain rate
statistics are plotted as a function
of AMSR/E 89 GHz Tb. Curves are
fit to the plots, establishing a
mean relationship between the
rain rate statistics and Tb. The
curve defining the probability of
rain as a function of Tb is a linear
fit to the function Tb = logit(P),
with logit defined as:
𝑙𝑜𝑔𝑖𝑡 𝑝 = 𝑙𝑜𝑔
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The curves fit to the plots between
rain rates and Tb are defined by a
power law relationship:
𝐵

𝑟𝑎𝑡𝑒 = 𝐴 × 𝑇𝑏 + 𝐶
With A, B, and C determined using
a robust power law regression.
These mean relationships are
applied to all Tb data throughout
the AMSR/E swath.

Data are available twice daily in the eastern subtropical oceans with every A-Train
flyover at 1:30 and 13:30 local times. Currently, data are available only for the
year 2007, but will expand spatially and temporally. Plots show rain occurring in
the cores of stratocumulus (Sc) clouds, with stronger rates in the cores of open
cells, with lighter drizzle observed in the cores of closed cells.

III. Confounding Variables
Several variables affect the observed
Tb including the column water vapor
(CWV, from AMSR/E), the sea surface
temperature (SST, from ERA-Interim),
and the surface wind speed (WSP, 10
m winds from ERA-Interim). The
relationship between Tb and rain rate
appears different depending on the
states of these background variables.
To account for this, our analysis
compares Tb to rain rate within bins
of these three confounding variables.
Bins are created using a 3-D grid with
Tb pixels plotted as a function of CWV
(x), SST (y), and WSP (z). Bin width is
1 standard deviation (𝜎) with bins
defined as: x>3𝜎, 3𝜎>x>2𝜎, 2𝜎>x>1𝜎,
1𝜎>x>0𝜎, -1𝜎<x<0𝜎, -2𝜎<x<-1𝜎, -3𝜎
<x<-2𝜎, x<-3𝜎. This creates 63, or 216
bins, 79 of which have enough data
(60 co-located observations) to derive
a relationship between Tb and rain
rate.

VI. Climatology & Comparisons
Climatologies using all available
data for the year 2007 show the
greatest probability of rainfall
offshore in the Sc regions, where
the boundary layer is often deeper
and Sc are transitioning to trade
cumulus. Current data are
restricted to these four boxes, but
spatial expansion is planned.

Comparison with existing AMSR/E rainfall
data (AMSR/E L3 suite RAIN) shows
substantially improved sensitivity to light
rain. The current L3 product misses
around 70% of the precipitation observed
by the new 89 GHz product. Data
resolution is also dramatically improved,
with old grid boxes offering 0.25˚ lat/lon
resolution, while the new 89 GHz product
offers rain rates on a 4×10 km grid.
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