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I ntroduction

The Clouds and the Earth's Radiant
Enegy Sygem (CERES)  ingrument
(Wielicki et a. 1996) on board the Tropica
Ranfdl Measurement Misson (TRMM)
saellite has achived eght months of Top
Of Atmosphere (TOA) fluxes in two forms.
The firg archived under the name “ES8” are
TOA fluxes cdculated in a manner identical
to the Eath Radiation Budget Experiment
(ERBE) methodology and a second newer
data product under the name Single Satdlite
Flux (SSF). The SSF data utilize new
anisotropic directiond modds derived from
the CERES TRMM daa for inverson of
TOA fluxes, and VIRS pixes collocated
within the larger CERES footprint to
determine cloud fraction and properties. A
soon to be archived data product, the Clouds
and Radigive Swath (CRS), includes fluxes
cdculated through the amosphere beneath
each CERES footprint usng the Fu and Liou
radigtion transfer mode (Fu and Liou,
1993). In this paper CERES TOA data are
maiched to surface observations of
broadband radiation a a number of dtes in
the Atmospheric Radiaion Measurement
(ARM) Southern Great Plains (SGP) testbed
over pats of Kansas and Oklahoma. Once
maiched in space and time, atmospheric
absorption is caculated for both clear and
adl sky conditions to obtan edimates of
cloud forcing of the atmosphere.
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Data

CERES data provides broadband

obsarvations of tota (0.3-¥ nm), shortwave
(0.3-50 mMm) and window (8-12.0 mm)
fluxes during the CERES TRMM time
period of January through August 1998.
CERES processng derives two fluxes from
the same radiance observation. The ES8 data
are based on the ERBE methodology where
scene type is based on a Maximum
Likdihood Edimation technique, which
determines  cloud fraction, and  the
Anisotropic Directiond Modds (ADMs) of
Suttles et d. (1988), which were derived
from Nimbus 7 data, for inverting the TOA
radiances to fluxes. New CERES SSF fluxes
ae inveted from ADMs created from
CERES'TRMM  observations. Included in
the SSF data product are cloud properties
and fractions based on andyss of VIRS
imager pixels collocated within the larger
CERES footprint. This supplies a truer
etimate of cdoud amount within each
footprint. These data can be retrieved from
the NASA Langley Atmospheric Data
Center at http://eosweb.larc.nasa.gov/.
Observations of surface shortwave
flux data come from the CERES /ARM
Vadidation Experiment (CAVE) database.
The CAVE daa is a compendium of daa
collected by a number of other surface
radiometric  observation programs. These
include Depatment of Energy’'s ARM,

Basdline  Surface  Radiaion  Network
(BSRN), NOAA’s Climate Monitoring
Diagnogtics  Laboratory (CMDL), and
NOAA ARL Surface Radiation

(SURFRAD) programs. The CAVE project
collects surface data supplied by these



projects and averages it to 30-minute
tempord resolution. CAVE includes when
available,  broadband  observations  of
reflected shortwave (SW) radiation, direct
norma and diffuse shortwave insolation,
upweling and downwedling longwave (LW)
radigion dong with other  surface
meteorologicd and aerosol  observations.
Because of the time frame and requirement
of cloud fraction based on SW radiometry
(Long and Ackerman 2000), only data from
20 ARM/SGP surface dtes are included in
the fdlowing andyss. More information
and the CAVE data are available at:

http:/AMww- cave.larc.nasa.gov/cavel.

Modd Calculations

The CERES Surface and
Atmospheric Radiation Budget (SARB) data
product, the CRS product, will provide
mode caculations of broadband fluxes a
svead levds in the amosphere including
TOA and surface. The radiation transfer
modd is a modified verson of the modd
developed by Fu & Liou (1993). It is a ddta
two sream (2 for SW, 2/4 for LW) with
fifteen spectra bands from 0.2 to 5.0 mMmin
SW and twelve spectra bands between 2850
and 0 cm?® in LW. Cloud properties are
provided on the CERES SSF product and
come from VIRS imeger pixels, collocated
and energy weghted, within the CERES
footprint. The Modd of Atmospheric
Transport and  CHemistry  (MATCH)
developed by Callins et a. (2001) provides
aerosol optical depths over land. Over ocean
the Stowe et a. (1996) adgorithm, based on
VIRS imager data, caculates aerosol optical
depth. Atmospheric pressure, temperature,
and water vapor profiles are purchased from
the ECMWEF. Ozone profiles are supplied by
the NCEP in thar Stratospheric Monitoring
Group Ozone Blended Andyss (SMOBA)
product from SBUV and TOV'S data.

Net Fluxes

Atmospheric  absorption  for  both
cler and dl sky conditions is cdculated
usng CERES TOA and CAVE surface
observations, and with SARB modd results.
Net absorption is defined as the TOA net
(Down-Up) flux differenced from the net
surface flux. A schematic isshown in Fg. 1.
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Figure 1. Example upward and downward
net fluxes and net atmospheric absorption.

Surface SW fluxes have been corrected
usng the nighttime offset method of Dutton
et d. (2001) for errors due to therma effects
on the SW pyranometers. Net absorption
amounts were caculated usng both ES8 and
SSF TOA data As there was not an
gppreciable difference between them for our
purposes, only results from the SSF data are
shown below. Results for net atmospheric
absorption in cler and al sky conditions
and doud forcing are given in Tables 1 and
2 for the SSF and CAVE surface
obsarvations, and the CRS modd results

respectively.



Absorption From CERES SSE Data and VIRS Imager Est of Cloud Fraction
Atmospheric Absorption W/m?> Mean Cos(SZA)
| Cld-Fraction Cloud
All Sky (n) [JClear Sky (n)I Filter Forcing All Sky Clear Sky

217.0 (3190)1205.0 (1096)! VIRS = 0.00 12.0 0.61 0.58
217.0 (3190)) 153.0 (120) | SWFA =0.00 68.0 0.61 0.46
217.0 (3190)] 205.0 (544) | SWFA <= 0.05 16.0 0.61 0.62
217.0 (3190)] 206.0 (658) ' SWEA <= 0.15 15.0 0.61 0.62

Table 1. Atmospheric absorption calculated from CERES/SSF observations a8 TOA and CAVE
observations at the surface: for dl sky and clear skies (columns 1 and 2), method of determining
cloud amount (column 3), cloud forcing and mean solar zenith angles (proxy for sampling.)

Absorption From SARB Model Results and VIRS Imager Est of Cloud Fraction
Atmospheric Absorption W/m2 Mean Cos(SZA)
| Cld-Fraction Cloud
AllS Clear S i . AlS Clear S
ky (n) ear Sky (n) : Filter Forcing ky ear Sky
177.0 (3190) 161.0 (1096) : VIRS = 0.00 16.0 0.61 0.58
177.0(3190) 122.0 (120) | SWFA=0.00 54.0 0.61 0.46
177.0 (3190) 164.0 (544) | SWEFA <=0.05 13.0 0.61 0.62
177.0 (3190) 165.0 (658) ' SWEA <= 0.15 12.0 0.61 0.62

Table 2. Same as Table 1 except atmospheric absorptions are cdculated from condtrained Fu &
Liou modd results for same CERES footprints.

The firg thing to note about the

tables is how
“VIRS'

“clear sky”

is determined.
in the row indicates that cloud

imager pixds within the CERES footprint

were dl determined by the pixel level cloud
mask to be “clear”. Because footprints are
collocated with ARM surface dtes there is
ds avaldle the ShotWave Hux Anadyss
(SWFA) edimate of cloud fraction. This
number is based on surface shortwave
radiometry, whose methodology is outlined
in Long and Ackerman (2000). Since the
surface edimate is a dricter definition of
clear one mugt relax the estimate upwards of
15% to begin to retrieve a sample with a
gmila mean cosne olar zenith angle. At
this point the amount of cloud forcing is dso

reduced back down to that observed using
only the VIRS cloud screening method.
Secondly note the difference in dl
sky absorption  between  observations
(217W/n?) and model results (177W/nt).
This discrepancy is patly explaned in that
surface observations of upward shortwave
flux from ARM 10 meter towers tends to
overestimate  sadlite  observed  surface
fluxes by approximady 10W/n? due to
uniform grassy scenes benesth the down
looking pyranometers. There is also an error
of 10-20W/n? that results from mismatched
cdear <sky footprints (determined from
imager pixeds within  the goproximaey
20km footprint which can dl be dear) with
the surface radiometer, which can have
clouds in its hemisphericad view. However



different the absolute fluxes it is interesting
to note that caculated cloud forcings reman
nearly the same between observations and
modd results This is encouraging in that it
implies though the modd insolation is 20-
30W/n? higher than the observations, the
inputs ae dill capturing  the  difference
between clear and cloudy skies.

Tables 1 and 2 give a large overview

of cacuaed absorptions for 20 ARM/SGP
gtes. Additiond information, based on Ste-
by-gte cdculations can be found a
http:/Aww- cave.larc.nasa.gov/cave.
There, clicking on the “Ste Statidics’ link
iIs a seies of tables showing means and
differences between observed and modeed
fluxes when collocated with the surface
obsarvetions for dl avalade dtes in the
CAVE data base during 1998. Also included
in these tables are cloud and aerosol forcing
edtimates based on the CRS mode runs.
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