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I ntroduction

Raman lidar veticd profiles of
aerosol optica depth are used in conjunction
with Raman lidar (night) and GOESAERI
(daytime) temperature and humidity profiles
to compute Shortwave (SW) flux profiles
usng a modified verson of the FuLiou
radiative transfer code. Comparisons to
observations of surface fluxes a the ARM
SGP dte for a clear ky day are shown. At
top of amosphere modd  computed
radiances and fluxes ae compaed to
CERES (Widicki, 1996) instantaneous
measurements from the ES8 product.

Perturbations to the observed aerosol
profiles are made in an eror anayss The
ground based Raman lidar measures the
actud extinction profile CALIPSO, a
sadlite misson with a nadir pointing lider,
will measure the backscatter profile and
assume vdues of the extinction to
backscatter ratio(S3) to edimae the
extinction profile Here we show the effect
of a gross error in the assumed vaue of Sa
on acdculated shortwave hegting rate.

Fu-Liou Radiative Transfer M odédl

A modified verson of the FuLiou
code, a corrdated-k code with a 2-stream
SW and 2/4-dream LW, was run for prigine
sky (no aerosol) and for clear sky udng
AERONET Cimd sun photometer aerosol
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optica depths a 7 wavedengths, measured at
the ARM SGP centrd facility. Modifications
of the code dlow for multiple waveength
aerosol optica depth measurements to be
input. The optica properties of wavdength
dependent sngle scatter dbedo and
asymmelry parameter are determined by
choosng an assumed agrosol type or
externd mixture of condituents. The aerosol
types and properties are taken from
OPAC(Hess,1998) and earlier work by
dAlmedia1991) and Tegin& Lacis(1996).
Other modifications affecting the shortwave
indude improved trestment of rayleigh
scatering to mach the improved band
resolution for aerosols, updated ozone
absorption coefficients, minor absorption by
H2O in the visble and incdluson of O, and
CO, absorption by means of a correction
based on work by Chou(1999). This
absorption correction is gpplied &fter the
man body of the code produces fluxes.
Shortwave energy beyond 4 microns is now
tresied in an gpproximate manner by
indugon in the exiding 2.5-3.5 micron band
with high absorption characteristics.

Modifications to the longwave
portion of the code include updating the
continuum  absorption to  CKDv24
motivated by SHEBA results (Tobin,1998).
Sonificant differences from earlier versons
occur in the spectra region around 500cm*
dlowing more transmisson a low specific
humidity typicdly found in the upper
troposphere. Other modifications  include
updating absorption for water vapor, ozone,
methane, N,O and the addition of CFC's in
the 8- 12 micron window region.



Mog recently the thermd longwave
was extended from 2200cm* to 2850cmt to
better handle extreme daytime desert cases.

Data
Severd sources of data are used in this

work.

1) Raman lidar profiles of temperature,
humidity and aerosol opticd depth
(night).

2) Combined AERI/GOES retrievdls of
profiles of temperature and humidity
(daytime).

3) The CERES SARB group mantans a
CAVE (CERES ARM Vdidation
Experiment, Rutan, 2001,) web database
[http:/Mww-cavelarc.nasagovicave]  of
surface fluxes, aerosol opticd depth and
cloud fraction (Long, 2000) derived
from aurface flux measurements from
the ARM SGP site.

4) CERES top of atmosphere broadband
shortwave and longwave fluxes.

5 SMOBA ozone mixing rdio verticd
profiles.

M ethod

A clear sky day of September 6 2000
was chosen to andyze. Data from Raman
lidar and the diffuse SW cloud fraction, as
well as CERES MLE dl showed clear sky
for most of the day except late afternoon.
Temperaure and Humidity profiles from
Raman lidar during the nigtt and
GOESAERI during the day dong with
NCEP Smoba daly ozone profiles were
averaged or sampled to %zhourly periods to
maich the observations from the CAVE data
st of surface observations. Skin temperature
is taken from a downwad looking
pyrgeometer assuming a surface emissvity
of 0.98. Broadband surface abedo is taken
as the raio of the down looking to up
looking PSP except a the time of CERES
overpass. If avalable a CERES TOA abedo
is used to retrieve a surface albedo based on
an atmospheric correction from a look-up

table requiring sun angle, totd PW, AOQT,
O3 and assumed surface abedo spectral
shape.
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Figure 1. Comparison of observed (square) Fu-Liou
model pristine (triangle) and model with observed
aerosol (diamond) at ARM SGP for single day.
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Figure 2. Difference of Fu-Liou model minus
observed surface fluxes.



Results

Modd cdculations show  good
agreement for downwelling longwave a the
surface with a daily meen bias of —2.7 Wm'2.
Longwave surface flux is highly dependent
on the lower amosphere temperature and
humidity which is cgptured wdl with the
measured profiles from Raman lidar and
AERI. Rdaive measurements of water
vapor profile by AERI are adjusted to match
the totd PW measured by the microwave
radiometer.

Model shortwave reveds a 9.5 Wm2
overedimate of tota SW flux. Mogt of the
discrepancy occurs in the direct beam,
approaching 20 Wm? near noon. Direct SW
for clear ky is mainly dependent on aerosol
optical depth, and gas absorption by Osg,
H20, CO2, Oy, and CH4. Data from multiple
wavelength CIMEL messurements are used
and have accuracy to 0.01 in optica depth.
The verson of the Fu-Liou code usd in this
study used correlated-k’s based on the 1982
veson of the AFGL line paameer
database. Future work will update the
correlated-k’s according to HITRAN2000. It
is expected tha much of this absorption
discrepancy will be dleviaged with this
update.

Aerosol Profile Sensitivity Results

The upcoming <adlite misson
CALIPSO will have a lidar and will measure
backscattered return due to scattering by gas
molecules and agrosols. One uncertainty in
refrieving the profile of extincion from
gace is the assumption of extinction to
backscatter ratio Sa. Vdues can vary by a
factor of 2, from 25 for clean maritime to 55
for dust aerosol (Omar, 2002).

Figure 4 shows what a gross error
(2x) n the asumed value of Sa would do to
shortwave heating rate usng perturbed
profiles of aerosol opticd depth (Fig 3)
consgtent with a 2x eror in Sa In this case

with an eevated agrosol layer, hedti ng rates
can be perturbed by nearly 05 (K day
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Figure 3. Daily mean aerosol optical depth as a
function of pressure for the retrieved Raman lidar
profile (diamond), Assuming a 2x profile at the
surface normal at the top (sguare), Assuming a 2x
profile at the top normal at the surface (plus)
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Figure 4. Daily mean model calculated shortwave
heating rate as a function of pressure for the retrieved
Raman lidar profile (diamond), Assuming a 2x
profile at the surface normal at the top (square),
Assuming a 2x profile at the top normal at the surface
(plus)



Refer ences

Chou, M.D., and M. J Suarez, 1999: A
solar radiaion parameterizetion  for
amospheric  studies. NASA/TM-1999-
104606, Val. 15, 40 pp.

dAlmeida, G., P. Koepke, and E. P. Shettle,
1991: Atmospheric  Aerosols - Globa
Climatology and Radiative Characteridtics.
A. Deepak Publishing, Hampton, Virginia
561 pp.

Fuy Q. and K.N. Liou, 1993
Parameterization of the radiative properties
of crrus couds. J. Atmos. Sci., 50, 2008-
2025

Hess, M., P. Koepke, and I. Schult, 1998:

Optical Properties of Aerosols and Clouds:
The software package OPAC. Bull. Amer.
Meteor. Soc., 79, 831-844.

Kratz, D. P., and F. G. Rose, 1999:
Accounting for molecular absorption within
the spectrd range of the CERES window
channel. J. Quant. Spectrosc. Radiat.
Trandfer, 48, 83-95.

Long, C. N. and T. P. Ackerman, 2000:
Identification of clear skies from broadband
pyranometer measurements and cdculation
of downweling shortwave cloud effects, J.
of Geophys. Research, 105, No. D12,
15609-15626.

Omar,AH. 2002: Draft Sa Sdection
Algorithm.  CALIPSO  Science  Team
Mesting, Hampton, Va (May 22-24 ,2002)

Rutan, D. A., F.G. Rose, N. Smith, and T. P.
Charlock, 2001: Vdidaion data st for
CERES Surface and Atmospheric Radiation
Budget (SARB), WCRP GEWEX
Newdletter, 11, No. 1, 11-12.

Suttles JT., RN. Green, P. Minnis, G.L.
Smith, W.F. Saylor, B.A. Widicki, [.J.
Wadker, D.F. Young, V.R. Taylor, and L.L.
Stowe, 1988: Angular radiation modds for
Earth-atmosphere system. NASA RP 1184.

Tegen, I, and A. A. Lacis, 1996. Modeling
of paticle dze didgribution and its influence
on the radigtive properties of minerd dust
aerosol.  J. Geophys. Res, 101, 19,237-
19,244,

Tobin, D. C., F. A. Best, P. D. Brown, S. A.
Clough, R. G. Dedecker, R. G. Ellingson, R.
K. Garcia, H. B. Howdl, R. O. Knuteson, E.
J. Mlawer, H. E. Revercomb, J. F. Short, P.
F. W. van Dds, V. P. Waden
Downweling spectrd radiance observations
a the SHEBA ice dation: Water vapor
continuum measurements from 17 to 26
micrometer.  J. Geophys. Red, 104, 2081-
2092.

Widicki, B.A., B.R. Baksgrom, EF.
Harison, RB. Lee, G.L. Smith, and JE.
Cooper, 1996: Clouds and the Earth's
Radiant Energy Sysem (CERES): An Earth
Obsarving Sysem Expeiment. Bull. Amer.
Meteor. Soc., 77, 853-868.



