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A note on the heat balance of the Mediterranean and Red Seas

by A. F. Bunker?, H. Charnock? and R. A. Goldsmith®

ABSTRACT

The Mediterranean and Red Seas are used as test volumes in an attempt to assess the ac-
curacy of estimates of climatological air-sea fluxes calculated using meteorological observa-
tions from merchant ships.

Although the radiative flux estimates are subject to error, especially those of net longwave
radiation, it is difficult to obtain an acceptable heat balance if the evaporative fluxes are
calculated using values for the exchange coefficient now widely accepted by specialists in
near-surface turbulent transport. Larger coefficients seem to be needed: they may be a com-
pensation for ships’ avoidance of high winds and for systematic errors of observation.

1. Introduction

Meteorological observations made from merchant ships have for many years
been used for climatological studies of the transfer of heat, water and momentum
at the sea surface (Jacobs, 1951; Privett, 1960; Budyko, 1963). Recent workers
(Bunker and Worthington, 1976; Bunker, 1976; Hastenrath and Lamb, 1978,
1979) and others have refined the earlier estimates using the increased number
of observations and improved knowledge of the transfer processes involved.

Some differences between the results of different authors arise from their use of
different empirical expressions to calculate the various fluxes from the ships’ ob-
servations and others can arise from their use of different data sets. Relatively small
systematic differences in surface fluxes can have a large effect on estimates of cli-
matologically interesting quantities, such as the divergence of the meridional heat
flux carried by ocean currents.

There are few regions where the advective oceanic heat flow is known well
enough to provide a useful comparison with surface flux estimates: this note at-
tempts such a comparison for the Mediterranean and Red Seas, with particular
reference to the methods used by Bunker and Goldsmith (1979) and Goldsmith

and Bunker (1979).

1. Mr. Bunker died on 28 August 1979.
2. Department of Oceanography, The University, Southampton SO9 5NH, England.
3. Woods Hole Oceanographic Institution, Woods Hole, Massachusetts 02543, U.S.A.
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Figure 1. Location chart for Marsden squares covering the Mediterranean and Red Seas.

2. The Mediterranean Sea

a. The oceanic heat flux. The only effective transfer by ocean currents is at the
Strait of Gibraltar. Here direct measurements have been made for some short
periods (Lacombe et al., 1964; Boyum, 1967). Their values for the outflow range
from about 0.5 X 10° to 1.5 X 10° m® sec—*. The temperature difference between
outflow and inflow is also variable but taking 2°C to 3°C as typical leads to a heat
loss by the Mediterranean as a whole of between 5 and 20 X 10'*W. Averaging
over the 2.5 X 10** m? area of the sea gives a mean loss of about 5 W m—2.

This is an approximate figure but since it is small relative to the mean flux of
solar radiation it provides a strong constraint on the overall energy budget of the
Mediterranean. Even 10 W m~* is a desirable target for the accuracy of climato-
logical flux estimates.

b. Surface fluxes. The Mediterranean (Fig. 1) is covered by Marsden Squares

































