The Impact of Explicit Cloud Boundary 8 cumo
Information on Ice Cloud Microphysical Property '
Retrievals from Infrared Radiances

A BRI P T
7, e

w "
o
il _"--
|
|

i

Steven J. Cooper, Tristan S. L'Ecuyer, and Graeme L. Stephens
Department of Atmospheric Science, Colorado State University ' Caupso -
e-mail: cooper@atmos.colostate.edu St

NAGA EARTH BYEBTEM SCIENCE PATHFINDER MIGBGIQN

Motivation and Goals Retrieval Method

Cirrus clouds play an important role in requlating climate through
their impact on the Earth's radiation balance. Unfortunately,
their exact influence is still poorly understood partly because
the cirrus cloud properties themselves are poorly understood.
The purpose of this work then is to to gain a better forward model covariance matrix
characterization of cirrus properties and global distribution l 1

through introduction of a new multiple- sensor cirrus retrieval. DX Xy, Z)= (F(X)-Z)" 5771 (F(X)-Z) + (X-X)T Sg7 (X-X,)
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depth and effective radius can
be retrieved from a simple plot
of Tg 108 ,mVversus ATy (12.0-
10.8 um). Note that retrieved
properties will be different for _
each cloud temperature, T.. This =
ambiguity in cloud temperature

used in the retrieval leads to
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usefulness of the technique. determined to be 1.5K and 2.5K,

respectively, by determining the
variance of the forward model to a
variety of modified gamma and
lognormal distributions of both ice
spheres and hexagonal ice crystals.
TRMM measurement error was
consider negligible. Error in cloud
temperature is variable by design.

Our optimal estimation algorithm seeks the most likely estimate of cloud microphysical
properties, X, by minimizing the following cost function, @,

forward model and measurement error
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ATg transfer model based on anomalous diffraction theory
T that calculates simulated observations from X
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Forward Model Results
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This work introduces an optimal estimation based retrieval of
cirrus properties that explicitly incorporates cloud boundary
information into the retrieval as a constraint on cloud
temperature. Inclusion of cloud boundaries is shown to
significantly reduce error in retrieved optical depth and effective
radius.
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Synthetic Results TRMM Example Global Applications

With the launch of CloudSat and CALIPSO in the near future,
active measurements of cloud boundary information can be
combined with infrared radiances from the MODIS instrument
aboard AQUA to perform our retrieval on a global scale.
Example applications using the less accurate TRMM
climatology for cloud boundary information are shown below

Simulated measurements with random, Gaussian error added
were used in the algorithm to determine the accuracy of the Below is an example of our retrieval

operational. using VIRS data for infrared
Percentage error in retrieved radiances and TRMM precipitation
DU e — optical depth and effective radius product 2A12 for an estimate of
| s a3 a function of error in cloud cloud temperature. Gray areas

" ' temperature measurement are indicate regions of precipitating January, 1998 July, 1998
shown at left and at bottom left, Conditional eptical epth
respectively. The three lines g T8 Optical Depth SR RS Ce BN L BT ST e A
represent different assumptions 5 . : N FNRA i la
used in the S, matrix; the middle 1, e I~
line to our best estimate described IR N s S m
in the S, matrix section above. h '
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Effective Radius Retrieval . T =
1o A more accurate estimate of cloud ' %"‘_m.
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or radar provide an ideal s Pt atOn  Cloud Temperature
complementary measurement to o

infrared radiances to reduce the 1> | :
inherent error in the retrieval. P S A S VS A A
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