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ABSTRACT

In a three-dimensional numerical model of a tropical disturbance, a spectrum of development stages, from
a weakening wave to a mature tropical storm, was obtained with a 5 K range (298 to 303 K) sea surface
temperature (SST). However, the apparently large SST sensitivity of the model was found to be modulated
by other factors including the large-scale environmental temperature and humidity. Through the use of this
model, problems concerning a critical value of SST necessary for storm development were discussed.

1. Background

The impact of sea surface temperature (SST) vari-
ation on tropical storm development has been exten-
sively investigated since the pioneering work of Pal-
mén (1948). Climatologically, tropical cyclone for-
mation is associated with SST’s of 26-27°C or higher
(e.g., Wendland, 1977). Some observations have in-
dicated this strong relationship exists on the shorter
time scales of individual storm cases (e.g., Miller,
1958). But this has been contradicted by Ramage
(1974). In the controlled environment of numerical
simulation, the high sensitivity of development of an
axisymmetric vortex to SST is well documented by
the investigations of Ooyama (1969), Sundgvist
(1970), Rosenthal (1971) and Anthes and Chang
(1978). The dependence of mature storm intensity on
the interaction with the ocean has been investigated
by Chang and Anthes (1979), who concluded that,
except for relatively slow moving storms, cooling of
SST due to upwelling and mixing processes has little
impact on storm intensification. This study will in-
vestigate the impact of SST variation on tropical
storm formation from a rather realistic shallow east-
erly wave. This is in contrast to previously performed
model investigations on the intensification of hurri-
canes from axisymmetric, vertically well developed
vortices. The mode and the degree of influence of
SST on transformation of a wave and that on inten-
sification of a circular vortex may not be identical,
partly because of the differences in the distribution
patterns of the surface wind, evaporation and the la-
tent heat release in these two cases. Furthermore, the
dependency of the results on atmospheric tempera-
ture and moisture conditions and the existence of a
critical value of SST for storm development will also
be discussed.

2. Main effects of SST sensitivity

For this investigation, the numerical model de-
scribed in Kurihara and Tuleya (1981, hereafter re-
ferred to as KT) has been utilized. The model domain
is a 25 X 25° cyclic channel and contains a uniform
mesh grid with 0.625° resolution. The initial steering
flow was that of an idealized GATE III period with
an approximate easterly flow of 5 m s~ at 18°N. The
basic state temperature and moisture were also a
GATE III period average at 80°W. The SST of this
experiment was prescribed as 302 K. This model suc-
cessfully simulated the genesis of a tropical storm,
from a shallow easterly wave, with a developing warm
core and an associated upper level anticyclone. The
low level vorticity (~950 mb) increased from 4.3
X 1073 t0 23.7 X 1073 s~! during the 96 h integration
as the surface winds increased to storm strength
(>17.5ms™).

In order to isolate the effects of SST, additional
integrations were run to 96 h for SST’s ranging from
298 K (24.8°C) to 303 K (29.8°C). In each experi-
ment, the initial conditions, including the lowest
model level (~992 mb) temperature of 299.6 K, were
identical, except for SST, to the above described ex-
periment, i.e., Exp. 1 in KT. Table 1 summarizes the
results at 96 h, which is representative of the full de-
velopment stage of each experiment. Some fluctua-
tions appear in the table (e.g., maximum vorticity at
302 K SST) because the time of maximum devel-
opment does vary somewhat between experiments.
Notice that a full range of development states is rep-
resented: from that of a decaying wave (298 K SST);
to a weak depression (300 K SST); to a mature trop-
ical storm (303 K SST). The amount of development
changes monotonically, but not linearly with SST.
The surface pressure, as well as other indicators of






