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Introduction

One goal of the Atmospheric Radiation Measurement
(ARM) Program is to characterize meteorological fields
over wide areas (200-km square) in order to better
parameterize sub-grid-scale variability in general circulation
models used for climate studies. Such adetailed knowledge
over these areas is impossible with current observational
methods alone, butthe synthesis of adatasetby combining
observations with a mesoscale numerical model is feasible.
Current data assimilation techniques allow observed data
to be incorporated while a model is running, thus
constraining the model to fit the data as well as the data to
be dynamically consistent with the model atmosphere.
This interaction may therefore be regarded as a dynamical
analysis technique.

The technique used for data assimilation here will be the
nudging method (Stauffer and Seaman 1990, Kuo and
Guo 1989). Specifically, observational nudging where
data at observational sites are gradually forced in the
modelwithout the need for a gridded analysis. This method
is particularly appropriate for asynoptic data covering
meso-B-scales, such as will be available at the Cioud and
Radiation Testbed (CART) sitas. The method makes it
possible to incorporate the wide variety of data coming
from these sites.

A question that arises in the program’s planning is, What
are the minimum data necessary foragood characterization
of the meteorological fields over a typical CART site? It is
important to have a cost-effective balance that provides
enough data for a four-dimensional data assimilation
(FDDA) system to be accurate. This requires a unified view
of data collection and assimilation.

The concept of an Integrated Data Assimilation and
Sounding System (IDASS) ensures that the needs of data
collection are partly determined by the requirements of an
assimilating mesoscale model. Hence, the sounding
strategy is geared towards allowing the model to do the
best possible job in representing the atmosphere over
CART sites, for example.

Itis not clear a priori what density of coverage or types of
data are required for a good simulation. in this work, we
address the problem of determining the impact of varying
the density of coverage of an ideal network by purely
numerical experimentation. We use one model run to
provide data and another independent run to assimilate it.
The results of such tests are important to the design of the
CART site observational network and the IDASS.

Method

The model used was the Penn State/National Center for
Atmospheric Research (NCAR) Mesoscale Model, which
has been applied in both hydrostatic and nonhydrostatic
modes for this study. The nonhydrostatic version has been
recently developed (Dudhia, in press) and requires little
change to the data assimilation techniques developed for
the hydrostatic model, except that it is now preferable to
have the data at specified heights rather than pressures,
as used formerly.

Numerical modeling studies were carried out to investigate
the effect of data resolution on the accuracy of model
predictions. The method of four-dimensional data
assimilation was used to incorporate data from one model
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