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ABSTRACT

A series of one-month forecasts were carried out for eight January cases, using a particular prediction model
and prescribing climatological sea-surface temperature as the boundary condition. Each forecast is a stochastic
prediction that consists of three individual integrations. These forecasts start with observed initial conditions
derived from datasets of three meteorological centers. The forecast skill was assessed with respect to time means
of variables based on the ensemble average of three forecasts. The time or space filter is essential to suppress
unpredictable components of atmospheric variabilities and thereby to make an attempt at extending the limit
of predictability. The circulation patterns of the three individual integrations tend to be similar to each other
on the one-month time scale, implying that forecasts for the 10 day (or 20 day) means are not fully stochastic.
The overall results indicate that the 10-day mean height prognoses resemble observations very well in the first
ten days, and then start to lose similarity to real states, and yet there is some recognizable skill in the last ten
days of the month. The main interests in this study are the feasibility of one-month forecasts, the adequacy of
initial conditions produced by a particular data assimilation, and the growth of stochastic uncertainty. An
outstanding problem turns out to be a considerable degree of systematic error included in the prediction model,
which is now known to be “climate drift.” Forecast errors are largely due to the model’s systematic bias. Thus,
forecast skill scores are substantially raised if the final prognoses are adjusted for the model’s known climatic

2363

drift.

1. Introduction

A preliminary study of one-month forecasts (Mi-
yakoda et al., 1983) has revealed that a pronounced
blocking event of January 1977 was successfully re-
produced by some general circulation models (GCM)
but not by others, suggesting that the models with rel-
atively high spatial resolution as well as refined subgrid-
scale parameterizations are essential for simulating
slowly varying planetary waves (Bengtsson, 1981). The
reason for the need of such a high quality (realistic)
GCM for monthly forecasts is that forecasts start from
real initial data and that the initial conditions are
dominant factors in the dynamics in a subsequent
month or so. However, models are basically different
from reality, and therefore prediction models should
handle this discrepancy properly without damaging
crucial components contained in the initial state. In
other words, a model’s imperfection is unavoidable,
but the gap between the model and nature should not
be excessively large.

Based on this consideration, a particular GCM was
selected and frozen in 1980. Since then, this model has
been applied to 30-day integrations for eight January
cases. The main objective is to investigate the feasibility
of one-month forecasts based on a dynamical approach.

In order to extend the forecast range beyond the
limit of deterministic predictability, i.e., about two
weeks (Lorenz, 1982), two factors, at least, have to be
taken into account, that is, the time average and the

ensemble average of stochastic forecasts. The time av-
eraging process is essential to filter out the possibly
unpredictable high-frequency components of atmo-
spheric circulation and to retain slowly varying com-
ponents (Smagorinsky, 1969; Gilchrist, 1977). As dis-
cussed by Blackmon et al. (1977) and Shukla and Mo
(1983), the low-pass variances are particularly domi-
nant in the blocking prone areas. In fact, the simulation
of blocks is one of the major tasks of long-range fore-
casts (Gilchrist, 1982; Shukla and Gutzler, 1983). The
stochastic forecast process is necessary to determine
the probabilistic mean and its scatter (Epstein, 1969),
though the stochastic process alone may not extend
the predictability range. In this study, three different
initial conditions are used for these processes. An aspect
of interest is to see to what extent the three forecasts
(realizations) are separated in the monthly time scale.
Another objective of this study is to investigate the
adequacy of initial conditions for the one-month fore-
casts. The assessment is made by comparing three
forecasts based on the analyses produced by different
four-dimensional data assimilations at three centers.

2. Design of experiments

a. Prediction system

The GCM is approximately the same as the one used
in the pilot study (Miyakoda et al., 1983), i.e., the
N48L9-E. The finite difference method is used with






