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Abstract

On 7 December 1992, The National Meteorological Center
(NMC) started operational ensemble forecasting. The ensemble
forecast configuration implemented provides 14 independent fore-
casts every day verifying on days 1-10. In this paper we briefly
review existing methods for creating perturbations for ensemble
forecasting. We point out that a regular analysis cycle is a “breeding
ground” for fast-growing modes. Based on this observation, we
devise a simple and inexpensive method to generate growing
modes of the atmosphere.

The new method, “breeding of growing modes,” or BGM, con-
sists of one additional, perturbed short-range forecast, introduced
on top of the regular analysis in an analysis cycle. The difference
between the control and perturbed six-hour (first guess) forecast is
scaled back to the size of the initial perturbation and then reintro-
duced onto the new atmospheric analysis. Thus, the perturbation
evolves along with the time-dependent analysis fields, ensuring that
after a few days of cycling the perturbation field consists of a
superposition of fast-growing modes corresponding to the contem-
poraneous atmosphere, akin to local Lyapunov vectors.

Thebreeding cycle has been designed to model how the growing
errors are “bred” and maintained in a conventional analysis cycle
through the successive use of short-range forecasts. The bred
modes should thus offer a good estimate of possible growing error
fields in the analysis. Results from extensive experiments indicate
that ensembles of just two BGM forecasts achieve better results
than much larger random Monte Carlo or lagged average forecast
(LAF) ensembles. Therefore, the operational ensemble configura-
tion at NMC is based on the BGM method to generate efficient initial
perturbations.

The only two methods explicitly designed to generate perturba-
tions that contain fast-growing modes corresponding to the evolving
atmosphere are the BGM and the method of Lorenz, which is based
on the singular modes of the linear tangent model. This method has
been adopted operationally at The European Centre for Medium-
Range Forecasts (ECMWF) for ensemble forecasting. Both the
BGM and the ECMWF methods seem promising, but since ithas not
yetbeen possible to compare in detail their operational performance
we limit ourselves to pointing out some of their similarities and
differences.

1. Why operational ensemble
forecasting?
On 7 December 1992, the National Meteorological

Center replaced the single 10-day global medium-
range forecast (MRF), which was run daily at 0000
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UTC, by an ensemble of four 12-day forecasts, plus an
extension to 12 days of the aviation 3-day forecast run
at 1200 UTC (Tracton and Kalnay 1993). The opera-
tional configuration implemented at that time is such
that there are 14 forecasts, originating from analyses
within the most recent 48 hours, that verify over the
same 10-day period. It replaces the previous configu-
ration, where only one operational forecast and one
experimental forecast were available for the 6—10-day
forecast range. In order not to increase the total use of
the CRAY YMP supercomputer, which is already
saturated, a compromise had to be found, where the
resolution of the MRF was reduced beyond day 6 from
triangular truncation T126 (equivalent to a Gaussian
grid resolution of 105 Km), to T62 (equivalent to 210
Km). It was found, however, that the reduction of
resolution did not significantly affect the quality of the
forecasts as long as it was performed after the first five
days of the forecast (Tracton and Kalnay 1993).

The replacement of single operational forecasts by
an ensemble of operational forecasts reflects explic-
itly the recognition that the atmosphere is a chaotic
system. As pointed out by Lorenz (1963), even an
infinitesimally small perturbation (as would be pro-
duced, for example, by the “wings of a butterfly”)
introduced into the state of the atmosphere at a given
time will result in an increasingly large change in the
evolution of the atmosphere with time, so that after
about two or three weeks the trajectories of the per-
turbed and the original atmosphere would be com-
pletely different.

Lorenz’s discovery led to the emergence of a new
discipline, dynamical systems theory, and to the real-
ization that many apparently deterministic systems,
like the atmosphere and its numerical models, are also
chaotic: arbitrarily small initial perturbations evolve
into large differences with time. As far as real physical
systems are concerned, their state can never be
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