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ABSTRACT

In the near future, the technological capability will be available to use mesoscale and cloud-scale numerical
models for forecasting convective weather in operational meteorology. We address some of the issues concerning
effective utilization of this capability. The challenges that must be overcome are formidable. We argue that
explicit prediction on the cloud scale, even if these challenges can be met, does not obviate the need for human
interpretation of the forecasts. In the case that humans remain directly involved in the forecasting process,
another set of issues is concerned with the constraints imposed by human involvement. As an alternative to
direct explicit prediction of convective events by computers, we propose that mesoscale models be used to
produce initial conditions for cloud-scale models. Cloud-scale models then can be run in a Monte Carlo-like
mode, in order to provide an estimate of the probable types of convective weather for a forecast period. In our
proposal, human forecasters fill the critical role as an interface between various stages of the forecasting and
warning process. In particular, they are essential in providing input to the numerical models from the observational
data and in interpreting the model output. This interpretative step is important both in helping the forecaster
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anticipate and interpret new observations and in providing information to the public.

1. Introduction

Since the 1950s, numerical weather prediction has
become an integral part of the process of forecasting
the large-scale weather. Until the late 1970s, resolution
and physical parameterizations within the numerical
models were limited, owing, in large part, to the in-
adequacy of computational resources. As the speed and
memory size of computers has increased, it has become
possible to carry out numerical integrations with res-
olution on the order of a few kilometers, allowing the
models to capture details of mesoscale and cloud-scale
features and, presumably, make more accurate predic-
tions of weather than previous models. As a part of the
ongoing modernization and reorganization of the Na-
tional Weather Service (NWS), great emphasis will be
placed on forecasting mesoscale (and smaller) weather.
In the context of this emphasis, some have suggested
the development of mesoscale and cloud-scale forecast
models for use at individual operational forecast offices;
Fritsch and Rodgers (1981) indicated that numerical
models would play a key role in solving what they re-
ferred to as the “short-term forecast enigma.” Orville
(1980) began work with one- and two-dimensional
models in order to develop forecast aids. Serious efforts
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in the direction of producing three-dimensional op-
erational mesoscale and cloud-scale models have begun
only recently, as access to and performance of super-
computers have continued to improve (Droegemeier
1990; Lilly 1990). While research models on these
scales (e.g., Anthes and Warner 1978; Klemp and Wil-
helmson 1978) have been valuable tools for improving
our understanding of small-scale phenomena for many
years, it is not straightforward to apply those models
in a forecast mode (Warner and Seaman 1990).

The mesoscale forecast problem we currently face is
fundamentally different than the large-scale forecast
problem that faced meteorologists in the 1950s. At the
time that NWP was in its infancy, the basic conceptual
building blocks of a unified theory of large-scale motion
(baroclinic instability and quasigeostrophic theory)
were already in place. Using these ideas, Phillips (1951)
was able to show that a simple, two-layer, quasigeo-
strophic forecast model reproduced much of the large-
scale behavior of the atmosphere. In contrast, as of this
writing, no simple (i.e., not the raw equations of mo-
tion) yet comprehensive theory of motion on the me-
soscale or cloud-scale exists. Modern attempts to pro-
duce small-scale numerical forecasts do not start from
an equivalent theoretical foundation as the large-scale
forecasts of 40 years ago. Technology currently is far
ahead of the theoretical development of the subject,
while the opposite case held as the NWP era began.






