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ABSTRACT

Global upper air and surface data for the entire GATE period from 15 June to 24 September 1974, were
collected by the Data Assimilation Branch of NMC and mailed to GFDL. After processing these data, a
four-dimensional analysis technique was applied for the entire GATE period, using a global numerical
model. For a selected period, several different versions of the data processing scheme were tested. The
resulting analyses were compared with each other and with the objective analysis of NMC in Washington
D. C., and ANMRC in Melbourne. Overall, the analyses for the extratropics were satisfactory for the
Northern Hemisphere, and to a lesser extent, for the Southern Hemisphere, though flow patterns are some-
what excessively smoothed. The analyses for the tropics were not of the same quality as those for the ex-
tratropics, and yet they were much improved compared with those of several years ago. A noteworthy point
is that tropical cyclones were successfully represented in several cases.

1. Introduction

As one of the GATE research activities, it was
planned to conduct a near-real-time sequential dynam-
ical analysis of meteorological fields on a global extent
as well as for the limited GATE area [see the report of
ISMG-International Scientific Management Group of

-GATE (1972) and Houghton and Parker (1974)7. The
application of the so-called four-dimensional analysis
to the GATE data set is not only pertinent but also very
significant in view of the unique opportunity to utilize
enhanced tropical observations. During Phases 1, 2
and 3 of the GATE period (each of 21-day duration),
more than 30 ships were mobilized from various nations
and deployed over the tropical Atlantic Ocean. In
addition, the SMS-A satellite was launched to support
the GATE field missions, and provided cloud photo-
graphs and, thereby, cloud-tracked winds. Such a dense
observing network was unprecedented in history, and
should not be expected to occur again in the next ten
years. Although these intense observations were con-
fined to a small portion of the Atlantic Ocean, this paper
concerns the global analysis. It is our intention to
proceed to the limited-domain tropical analysis in the
near future; this will, however, bear a close connection
with the present study.

For the analysis of meteorological fields, the tropics
present unique and formidable problems. It would not
be cynical to say that we have not yet reached a stage
where we are able to make satisfactory tropical weather
maps that are reasonably accurate on the synoptic
scale. Other than the paucity of observations, there are

“several factors which make it difficult to do so. For one
thing, the tropical flow is relatively independent of the

pressure field due to the weakness of the Coriolis force;
in addition, complex physical processes, such as the
liberation of condensation heat, have an appreciable
influence on the flow field. Probably due to the com-
bination of these effects, the relatively small-scale
disturbances are more important constituents in the
tropical flow patterns than in those of mid and high
latitudes, and the disturbances seem to be less strongly
coupled in the vertical as well as in the horizontal. It
has long been a question, therefore, as to what degree
of spatial resolution is needed for an adequate observa-
tion network in the tropics, and what accuracies for
observations of wind and temperature are required to
produce a usable initial condition for tropical forecasts
(see Report of the Fifth Session of JOC of GARP,
February, 1971). Answers to these questions are funda-
mental to further exploration of the behavior of the
tropical atmosphere and, therefore, to unraveling the
intricate mechanisms of tropical disturbances.

As a technique to make use of all the available data
scattered unevenly not only in three-dimensional space
but also in time, a four-dimensional assimilation con-
cept and scheme were proposed [GARP Study Con-
ference at Stockholm, 1967; Charney et al., 1969; see
also the reviews of Kasahara (1972) and Bengtsson
(1975)7]. The principle is to use the numerical atmo-
spheric model for the data analysis and to obtain a
data set internally consistent among various parameters
in the dynamical context. So far the method has been
mostly applied to hypothetical data generated by the
same model! (“identical twin transplant”), and these
tests demonstrated that the approach is quite promising.

! Except, for example, Halem et al. (1974, personal communica-
tion).
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