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1. INTRODUCTION ing justification for the combined use of the products for initial-

] izing clouds in the RUC model.
Sounder and imager data from the GOES platform offer

an opportunity to enhance the quality of the initial conditions
for numerical weather prediction, as is done in the Rapid Up-
date Cycle (RUC, Benjamin et al., 2001). The most important
strength of sounder data over imager data is that their multi-
channels are designed for retrieving vertical distribution of
temperature and moisture. The relative advantages of GOE
imager data over sounder data includes better spatial coverag
in the RUC domain, higher ingest frequency (15 min vs 1 hour),
and higher resolution (4 km vs 10 km). The higher ingest fre-
quency helps in reducing temporal sampling error, and highe
spatial resolution refines the spatial variability of clouds.
Therefore, imager data are used to enhance the subgrid vari:
tion of clouds, namely, multilevel fractional clouds. We formu-

late the fractional cloud coverage derived by imager data as .
weak contraint in one dimensional variational formulation to
generalize current cloud analysis employed in the 20-km RUC

2. 20-KM RUC CLOUD ANALYSIS 0

The 20-km version of RUC uses the bulk mixed-phaseFigure 1. NESDIS single field-of-view cloud-top pressure data
cloud microphysics scheme from the NCAR/Penn State MM5valid at 1300 UTC 3 August 2001. The median values of the
model, with five hydrometeor types explicitly forecast. The samples in 20-km RUC are selected.

RUC 1-h predicted hydrometeor mixing ratios provide back-
ground fields to be modified using the single field-of-view uiciesr cLowm-ror eres 2m1EtE 130
(FOV) GOES sounder-based cloud-top pressure data. A threst ;

old value (105 g Kg'l) of the hydrometeor mixing ratio deter-
mines predicted cloud-top pressures at each grid point. Ther s
the GOES cloud-top data are used to determine whether hy @&
drometeors have to be added or cleared. Since the cloud-to
pressure does not include cloud thickness, a conservative cloL
thickness of 50 hPa is used for cloud building. For cloud clear-
ing, hydrometeor mixing ratios are set to zero, and the water va
por profile is adjusted such that it does not exceed 50% ir
relative humidity in the cleared part of the column. Detailed de-
scription is given in Kim and Benjamin (2001). Figure 1 shows
the single FOV GOES sounder-based cloud-top pressure da
used in a RUC cloud analysis. Figure 2 shows GOES image
data based on cloud-top pressure processed on the same ¢
main. While the GOES imager-based cloud uses the window
channel method with 1-h forecast profiles as background, ¢

strong resemblance is seen between the two products, provig® 2% 20 40 ew o Em e Bl R o
Figure 2. Hourly cloud product GOES imager data using a 20-
Corresponding author addresBongsoo Kim, NOAA/FSL R/ km RUC 1-h forecast as background. The highest cloud-top

FS1, 325 Broadway, Boulder, CO 80305, dkim@fsl.noaa.gov Pressure is plotted in the case of multilevel clouds.
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3. DESIGN OF 1DVAR REFERENCES

In an earlier experiment, we have shown an example,
combining TIROS HIRS radiances with AVHRR radiances us-
ing the constrained least squares method, and results were com-
pared with cloud profiling radar (Kim et al., 1997). In a new
design of one-dimensional (1DVAR) assimilation of GOES
sounder radiance data, we start with the familiar functional (for
example Eyre et al., 1993)

Benjamin, S. G., G. A. Grell, S. S. Weygandt, T. L. Smith, T. G.
Smirnova, B. E. Schwartz, D. Kim, D. Devenyi, K. J.
Brundage, J. M. Brown, and G. S. Manikin, 2001:The
20-km version of the RUCPreprints, 14th Conf. on
Numerical Weather Predictiorf;t. Lauderdale FL.,
Amer. Meteor. Soc. J75-79
Devenyi, D., S. G. Benjamin and S. S. Weygandt, 2001:
3DVAR analysis in the Rapid Update Cyckreprints,

2J(x) = (x— xb)TB_l(x— xb) 14th Conf. on Numerical Weather Predictidft, Lau-
— derdale, FL., Amer. Meteor. Soc. J103-107
+ (YO— H (X))TR 1()’0— H(x)) + JC + Jop Eyre, J. R., G. A. Kelly, A. P. McNally, E. Andersson, and A.
Persson, 1993: Assimilation of TOVS radiances

where B and R represent background error and the sum of ob- through one dimensional variational analyQsiart. .J.
servation and representativeness error covariances, respective- ~ Roy. Meteor. Soc119, 1427-1463
ly. In the first version of 1LDVAR both of them are approximated Kim, D., B. Stankov, and K. P. Moran, 1997: Evaluation of
by continuous functions. In a later version digital filters will be multilevel cloud parameters with cloud profiling radar.
used according to the present RUC 3DVAR scheme (Devenyi et Preprints, 9th International TOVS Study Conifys,
al., 2001). The nonlinear operator H is for the radiance forward Austria.

model. The state vector x represents the vertical profile of teMyim D.and S. G Benjamin, 2001: Cloud/hydrometeor initial-
perature, water vapor, and cloud water mixing ratios. The first " i et o0 km RUC using satellite and radar
constraint termJ,) is a restriction of the moisture profile to data.Preprints, 14th Conf. on Numerical Weather Pre-

stay below saturation. Th? second t_errﬂog)) constrains the_ diction, Ft. LauderdaleFL., Amer. Meteor. Soc. J113-
cloud water profile by multilevel fractional cloud coverage in- 115

formation derived from the GOES imager. A quasi-Newton - i ) )
minimization method will be used in finding the optimal value McMillin, L. M. and T. Kleespies, 2000: A rapid transmittance
of x. procedure for use in numerical modefseprints, 10th

Conf. on Satellite Meteorology and Oceanography,
Long Beach CAAmer. Meteor. Soc. 48-50.

4. RESULTS Saunders, R., M. Matricardi, and P. Brunel, 1999: An

We are currently evaluating two community forward/ improved fast radiative transfer model for assimilation
adjoint radiative transfer models, RTTOV (Saunders et al., of satellite radiance observationQuart. J. Roy.
1999) and OPTRAN( McMillin and Kleespies, 2000) using Meteor. Soc 125, 1407-1425.

identical background profiles and surface information (temper-
ature, water vapor, skin temperature) at the Atmospheric Radi-
ation Measurement (ARM) Cloud and Radiation Testbed
(CART) site in Oklahoma in order to characterize bias and co-
variance errors in the forward model. The background profiles
are 1-, 3-, 6-, 9-, and 12-h forecasts of height, temperature, wa-
ter vapor, and winds as well as five hydrometeors (cloud water,
rain water, ice, snow, graupel mixing ratios) from the RUC. Al-
S0, surface information is from the RUC forecasts. Both models
are being used for GOES-8/10 sounder and imager radiance da-
ta, which are sampled hourly within an approximately 40-km x
40-km grid box. The sounder radiances are selected as a nearest
neighborhood to the grid point, and all imager radiances are
adaptively classified to obtain fractional coverages and their re-
spective cloud-top heights. The results will be shown at the
conference.
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