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ABSTRACT

A variational method has been developed to assimilate VAS temperature and moisture gradient information
into a mesoscale model. A series of experiments were conducted to test the sensitivity of both adiabatic and
diabatic versions of the model to VAS data assimilations for the 20-21 July 1981 case.

The VAS data for this case are compared to the rawinsonde data and VAS moisture imagery. The retrieved
VAS temperature fields captured the asynoptic development of strong mesoscale temperature gradients
although the VAS relative humidity fields were generally too smooth.

The synoptic-scale effects of the assimilation of VAS data were negligible. The greatest impact was on the
mesoscale forecasts of the patterns of convective instability. The assimilation of the strong VAS temperature
gradients resulted in the short-term forecast of greater convective instabilities across Oklahoma, where
observed convection subsequently developed. The additional assimilation of relative humidity gradients did
not significantly change the patterns of the forecast instabilities. Increasing the number of successive
assimilations improved the subsequent forecasts of convective instability.

For this case, the greatest improvements from assimilation resulted from the resolution of the strong
mesoscale temperature gradients by the asynoptic VAS data. The assimilation of this structure into the model
resulted in forecasts of convective instability and precipitation more closely resembling the patterns of the
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observed convection.

1. Introduction

One difficulty encountered in mesoscale numerical
weather prediction is the lack of sufficient data for
initialization and verification. The Visible Infrared
Spin-Scan Radiometer (VISSR) Atmospheric Sounder
(VAS) instrument on the Geostationary Operational
Environmental Satellite (GOES) is capable of provid-
ing mesoscale temperature and moisture data several
times over a 12-hour period (Chesters et al., 1982;
Lee et al., 1983). However, the VAS soundings may
be available over only a fraction of the model inte-
gration area and are valid at asynoptic observation
times.

Data assimilation is one way to utilize these asyn-
optic observations. By continually assimilating satellite
observations into an integrating model, at the obser-
vation time, errors of interpolation forward or back
to a synoptic time are avoided. However, the success
of assimilation depends on getting accurate and con-
sistent information into the model. Satellite-derived
soundings have been shown to have errors correlated
in both space and time (Phillips ef al., 1979; Schiatter,
1981) and thus gradient information may be more
reliable than the absolute values (Charney et al,
1969; Hillger and Vonder Haar, 1977).

In an attempt to address the “small area” and data
bias problems, a variational scheme has been devel-
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oped to assimilate VAS temperature and moisture
gradient information into a mesoscale numerical
model, the Mesoscale Atmospheric Simulation System
(MASS) (Kaplan et al., 1982; Wong et al., 1983).
Using variational analysis (Sasaki, 1955), the MASS
forecast fields are adjusted to reflect the VAS data
patterns in a sub-area, while maintaining continuity
with the surrounding model field. The model fields
are adjusted at the assimilation time to match the
VAS data gradients, not the VAS data absolute
values. Similar analysis schemes have been developed
by Lewis (1972) and Sasaki and Goerss (1982).

The variational assimilation scheme developed for
MASS will be described and briefly compared to a
direct insertion scheme. A series of experiments testing
the sensitivity of MASS to VAS data assimilation for
the 20 July 1981 case will be discussed. These exper-
iments test the effects of temperature and moisture
assimilations versus temperature-only assimilation,
sensitivity of the full-physics version of the model
versus an ‘‘adiabatic” version, and the effects of
assimilating data at successive versus single times.
Some of the characteristics and problems encountered
in using the VAS data will also be discussed.

2. Case study description

The case that will be reviewed in this paper is 20
July 1981. Petersen ez al. (1983a,b) and Smith et al.






