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Simulation of a Blocking Event in January 1977!
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ABSTRACT

January 1977 was a month noted for its extraordinary weather over North America. The winter was
dominated by two persistent large amplitude ridges positioned over the west coast of North America and
the Icelandic region of the Atlantic Ocean. A very intense trough reached deep into the eastern United States
and caused one of the coldest Januaries on record. One-month integrations of various GCM’s were conducted
in order to test their ability to simulate this blocking event. Reasonably high resolution finite difference and
spectral models available at GFDL were used. Each GCM was integrated from three different analyses of
the initial conditions. For some models, a fairly accurate forecast was obtained and considerable skill was
recognized in the simulation of the 30-day evolution in terms of the 5-day or 10-day mean flow fields,
including the period of record breaking coldness over the eastern United States. The main conclusion is that
proper treatment of the subgrid-scale processes as well as sufficient spatial resolution are essential for the
simulations of this phenomenon as an initial value problem. Weak zonal wind poleward of about 40°N and
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upstream of the blocking ridge appears to be crucial for the successful simulation of the sustained blocking

ridge.

1. Introduction

January 1977 was an extraordinary month weath-
erwise over the United States. The circulation was
dominated by a persistent, large amplitude ridge over
the Alaskan area, resulting in unusually high tem-
peratures over the west coast and Alaska. Down-
stream in the Ohio Valley the monthly mean tem-
perature was about 8-10°C below normal. On 27
January, the eastern United States experienced the
most widespread record cold of the century.

It was thought that this would be an interesting
case for a numerical simulation study. Starting with
the initial condition on 1 January 1977 monthly pre-
diction experiments were conducted, using atmo-
spheric general circulation models (GCM) of reason-
ably high spatial resolution available at the Geo-
physical Fluid Dynamics Laboratory (GFDL). The
objectives of this work were to simulate a real block-
ing phenomenon, to generate an example of dynam-
ical one-month prediction, and to discover some clues
concerning the mechanism of the blocking process.

It is sometimes argued that the limit of determin-
istic weather forecast is about two weeks and, ac-
cordingly, that the deterministic approach alone

! Some portion of this paper was presented at the lUGG meeting
at Canberra, Australia in December 1979.
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could not produce a reasonable 30-day prediction. It
was, however, our intention, motivated by the pre-
dictability studies (National Academy of Sciences,
1966; Smagorinsky, 1969), to assess whether some
signal may still be distinguished from the noise, since
one month is just beyond the limit of predictability.
We feel if any individual forecast is to be successful,
its five-day or ten-day time mean should still bear
some resemblance to reality, even though the rms
difference may have grown to a fairly large value. This
reasoning is supported by the initial state perturbation
experiment by Spar ef al. (1978), in which small ran-
dom errors did not change the model’s monthly av-
eraged climatology.

At the early stage of this project, a number of at-
tempts to simulate the block which were made with
an efficient spectral GCM all resulted in failure. In
these forecasts, the mid-oceanic blocking ridge was
pushed eastward and eventually washed out. The
prognostic map at day 30 showed no resemblance to
reality whatsoever. Substantial deviation often oc-
curred as early as about day 10, and the forecast
height pattern tended to be zonal. More than 10 one-
month predictions were undertaken using two dif-
ferent analyses of the 1 January 1977 initial condi-
tions and climatological or observed (climatology
plus anomaly) external forcing by the sea surface tem-
perature and snow deposit.






