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ABSTRACT

It has been demonstrated that a large input of energy from the ocean is necessary to establish and main-
tain hurricane force winds over the sea. However, there has been no suitable data which could serve as a
basis for calculating this input. Now, observations are available to show that, early in the hurricane season,
there are varying initial conditions in the Gulf of Mexico which could lead to significantly different total
heat exchanges. The sea can provide some seven days of energy flow into a hurricane at some times and at
some locations, but less than one day in others depending upon the amount of heat initially available in
the Gulf waters. In the four summers represented by the data, a quantity defined as hurricane heat potential
was found to vary from a low of 700 cal cm~2 column north of Yucatan to a high of 31,600 in the central
east Gulf. Synoptic data on hurricane heat potential, if made regularly available to forecasters, might
serve as a basis for improved forecasts of changes in intensity and movement of hurricanes.

1. Introduction

The problem of predicting the development and
movement of hurricanes over the sea is one of the most
urgent ones in marine meteorology. At times, with
present knowledge, there can be almost no confidence
in such predictions. However, it is known that hurri-
canes form only over the warm sea (Byers, 1959;

Ramage 1959), that they tend to be more intense where

the sea temperature is highest (Miller, 1958; Perlroth,
1967), and that they often tend to move along tongues
of warm water (Fisher, 1958; Tisdale and Clapp, 1963).
Also, theoretical models show marked changes when
different ocean temperatures are introduced (Ooyama,
1969). Malkus (1962) compares a hurricane to a thermal
engine and reviews Byers arguments showing that a
large oceanic input in the form of latent and sensible
heat is necessary to establish and maintain the pressure
gradients which in turn produce and maintain the
tremendous hurricane winds.

Not only are hurricanes affected by the temperature
of the underlying ocean; they in turn affect the sea, and
their passing has been shown to lower the sea tempera-
ture of the surface layers considerably under certain
circumstances (Jordan, 1964; Stevenson and Armstrong,
1965; Leipper, 1967). The rate at which this temperature
decrease occurs determines the change in rate at which
energy is fed into the storm from below. This results
from the fact that evaporation and conduction are di-
rectly dependent upon the sea-air temperature differ-
ence. When the sea is cooled to the temperature of the

! Presented at the Conference on the Interaction of the Sea anrl
the Atmosphere, 1-3 December 1971, Ft. Lauderdale, Fla.

air in a hurricane, approximately 26C, this difference
becomes small and little energy, if any, is extracted
from the sea by the hurricane.
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F1c. 1. Sea temperature structure for BT Stations A and B taken
on Alimines Cruise 68-A-8, 17 August—5 Sepember 1968, showing
examples of high and low hurricane heat potentials.
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F1G. 2. Ocean hurricane heat potential (10° cal cm™) for Cruise 65-A-11, 1-24 August 1965.
Path of hurricane Betsy is superimposed.

2. Previous studies

Most previous studies have concentrated their at-
tention on the temperature of the sea surface. However,
Jordan (1964) and Perlroth (1967) have mentioned the
importance of considering not only this temperature but
also the temperature of the upper ocean layers. Further,
from temperatures obtained by averaging all available
data, Perlroth (1969) found indications that hurricane
development was more likely over nearly isothermal
water of high temperature than over regions where the
sea temperature decreased noticeably with depth in the
upper layers. It seems reasonable that this should be
so since waters of the former type would contain sig-
nificantly more heat at a given sea surface temperature.

The approximate amount of heat extracted from the
ocean by a passing hurricane is known from direct mea-
surements before and after a storm (Leipper, 1967;
Whitaker, 1967) and can be estimated from the exchange
formulas (Malkus, 1962). It appears to be about 4000
cal em™2 day ™!, or some ten times the exchange rate in
normal weather situations. Thus, if the initial heat
content of the ocean is known, the number of days dur-
ing which an overlying hurricane might be supported

can be estimated. Also, the rate at which energy is
provided to a particular storm may be calculated by
utilizing the changing values of the sea surface tempera-
ture which may be determined from an assumed average
heat loss and observed initial conditions; this will be
the subject of a separate study.

3. Data available

Observations providing full synoptic coverage of sea
temperature through the surface layers are not available
for any of the major ocean regions where hurricane de-
velopment and movement occurs. The lack of such data
has significantly limited the study of associated hur-
ricane behavior. However, a series of short cruises was
planned and conducted in the Gulf of Mexico in the
warmest and coldest months of the year (Leipper, 1968).
In this series were included cruises in August in four
different years. August is a month which is early in the
hurricane season and the sea temperature distributions
at this time of year are indicative of those which may
affect hurricanes. (The cruises of this series are not
complete in time nor space coverage and one result of
the present study is to demonstrate the need for con-






