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ABSTRACT

A simplified coupled atmosphere-ocean model is used to explore the influence of evolving midlatitude sea
surface temperature (SST) anomalies on the theoretical extended-range predictability of the atmospheric win-
tertime circulation in the Northern Hemisphere. After approximately two weeks, SST anomalies begin to sig-
nificantly influence the overlying atmospheric flow, compared to flow over the climatological SST field. If the
evolving sea surface temperature field is specified from model “observed” flows, then predictions of atmospheric
time-averaged flow, for one month and longer averages, are significantly enhanced over predictions based on
the atmospheric model with climatological SST. Predictions using the coupled model, however, are not significantly
different from predictions using the atmospheric model with persistent SST anomalies, because SST anomalies
are forced increasingly erroneously by atmospheric variables that rapidly lose their predictability.

1. Introduction

Extended-range (weeks to a season) dynamical
hindcasts of observed atmospheric features are often
improved by including observed sea surface tempera-
ture (SST, hereinafter) anomalies, especially those as-
sociated with strong tropical warming (WMO 1988,
and references therein ). The impact of midlatitude SST
anomalies on numerical simulations of the overlying
atmospheric flow is more subtle but it appears to be
significant (Palmer and Zhaobo 1985; Pitcher et al.
1988), and such anomalies have been a longstanding
candidate for improving empirical and statistical sea-
sonal forecasts of extra-tropical circulation (e.g., Na-
mias 1976; Davis 1978).

It remains unclear, however, whether extended-range
hindcasts of the atmosphere are significantly improved
when typical midlatitude SST anomalies are specified
from observations as boundary conditions. Indeed,
even if observed SST is shown to influence hindcasts
of the atmosphere its usefulness in the forecasting
problem is still moot. For it is unclear whether mid-
latitude SST can be dynamically predicted with suffi-
ciently greater skill than a forecast of SST persistence
to justify the expense of its dynamical prediction as a
boundary condition for the atmospheric forecast
model. This is because the atmospheric variability,
which is the dominant forcing function of the midlat-
itude SST anomalies (Frankignoul and Reynolds
1983), must be simultaneously predicted.
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Towards understanding the theoretical usefulness of
coupled models in extended-range prediction, we use
herein a simplified coupled atmosphere-ocean model
of the Northern Hemispheric January circulation to
explore the influence of evolving midlatitude SST
anomalies on the extended-range predictability of the
atmosphere and ocean. The two-layer atmosphere
(Roads 1987a,b, 1989b) is quasi-geostrophic, with
orography and time-dependent forcing by variable sea
and land-surface temperature. The SST variability is
modeled by a slab mixed-layer model that is influenced
by atmospheric heat flux and, in the North Pacific
Ocean, additionally by Ekman-current advection and
geostrophic-current advection. The simplified dynam-
ics not only allow us to obtain large ensembles of pre-
dictions, which then provide measures of statistical re-
liability, but also enable us to explore different physical
mechanisms of SST anomaly generation.

After we generate a base run of the coupled system,
which is taken to represent “observed” flows, we im-
plement various prediction models to determine their
refative success at dynamical prediction. The prediction
models, initialized with small-scale error, use the same
atmospheric model with different ocean models:

(1) SST fixed at climatic values (climatic SST)

(i1) SST fixed at anomalous initial values (persistent
SST) :
(ii1) SST predicted by coupled dynamics ( predicted
SST)

(iv) SST specified from base run (true SST)

We are then able to address the following questions
concerning the importance of midlatitude SST in ex-
tended-range forecasting. On what time scale does






