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We describe the mean transfer of sensible heat in the transient eddies at 850 hPa,
the mean 500 hPa temperature gradient for the years-1980-1988, and the three-
month running means of their zonal averages. The flux intensified during the period
and its peak drifted south by 5°lat. The 500 hPa meridional temperature gradients
did not vary systematically in their subtropical winter peak, but their mid-latitude
summer peak weakened somewhat. Correlations between the zonally averaged heat
flux and the temperature gradients show that when the seasonal mean flux was
strong in latitudes lower than 40°S-45°S, the gradients tended to be steep in the
subtropics and weak to the south, and conversely when the flux was weak. The same
link between flux and gradients is observed in the northern hemisphere, where
chiefly the heat flux in the quasi-stationary waves in winter is associated with the
temperature gradients. The gradients (thermal winds) in higher and lower latitudes
are therefore negatively correlated in both hemispheres. The quasi-stationary waves
in the southern hemisphere carry almost no sensible heat poleward, and the tran-
sient eddy flux north of 45°S thus serves the same function through the year as does
the total eddy heat flux — especially its stationary component — in the northern

hemisphere during the colder part of the year.

Introduction

Transport of sensible heat by atmospheric eddies
dominates the horizontal transfer of heat through
middle into high latitudes. Its size in the northern
hemisphere is known from, e.g., Oort and Ras-
musson (1971). Values for the southern hemi-
sphere have been provided by Newell et al. (1974),
Oort (1983), and Trenberth and Olson (1988a).
The quasi-stationary waves contribute little or
nothing to the net poleward heat transport in the
southern hemisphere, for they are almost baro-
tropic (van Loon 1979, 1983); but in the northern
_hemisphere the amount of sensible heat carried
poleward by these waves in winter approaches
that carried in the transient eddies. Fixed observ-
ing stations are rare where the transient eddy flux
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reaches its peak in the southern hemisphere, and
the Australian analyses from the 1970s — the best
data set available before FGGE — therefore could
not resolve the flux well (van Loon 1980a). The
analyses have since improved due to a better
coverage of observations, and the computed tran-
sient flux is now higher than before FGGE (Tren-
berth and Olson 1988a). It is unlikely, however,
that the values are as reliable as those for the
northern hemisphere. Newell et al.’s (1974) and
Oort’s (1983) numbers for the southern hemi-
sphere, which are based on interpolation between
radiosonde stations, are close to those obtained
from the operational maps at present.

We used the analyses made in the European
Centre for Medium Range Weather Forecasts
(ECMWF), 1980-1988, to examine the varia-
bility of the sensible heat flux in the southern
hemisphere and its relation to temperature gradi-
ents. The ECMWEF analyses have been described
and evaluated by Trenberth and Olson
(1988a,b,c).
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Means of transient eddy flux and
temperature gradients

Nine-year mean transient eddy heat flux at
850 hPa .
It is the convention that the direction from the
north — in the southern hemisphere from the
equator toward the pole — is negative. Negative
values on the maps in Fig. | therefore denote pole-
ward flux of sensible heat in the transient eddies;
the level is at 850 hPa, which is near the strongest
mean flux. The main features of Fig. 1 are:

1. The flux is strongest between 40°S and 60°S.

2. The area of southward flux expands from sum-
mer to winter, both toward the equator and the
pole.

3. The flux is stronger in winter than in summer
in most places, but it is weaker in winter from
the Great Australian Bight to the South Island
of New Zealand.

High values tend to cluster in areas with fixed
stations; for example, just south of Gough Island,
between Marion and Kerguelen Islands, and from
Campbell to Chatham Islands. The clustering is
not so striking as before FGGE (cf. van Loon
1980a), but there is enough to ensure that the
longitudinal average is underestimated.

The zonally averaged, three-month running
means of the transient eddy flux (Fig. 2) show the
annual cycle well, both in the horizontal distri-
bution and in the strength of the flux. The zonal
mean ranges from 16°C m/s to 20°C m/s in the
average for a winter, and from 12°C m/s to 16°C
m/s in the average for a summer, in the latitudes
where the values are highest. There is also a sys-
tematic change during which the peak moves
toward the pole and strengthens. The trend in the
flux is therefore positive in the sub-Antarctic; and
since the area of poleward flux expands north-
ward over the years, as seen by the disappearance
of the zero line at 20°S-25°S, the flux rises at low
latitudes as well.

Meridional temperature gradients at S00 hPa
The steepest average 500 hPa temperature gradi-
ents per 10°1at. in summer (Fig. 3(a)) are confined
to the region 35°S-55°S. The subtropical gradients
are several times larger in winter than in summer
(Fig. 3(b)); but from the western Indian Ocean
eastward to the Scotia Sea the gradients at middle
latitudes are steeper in summer. The subtropical
peak in the eastern hemisphere continues into the
Pacific Ocean, whence it winds southwards into
middle latitudes; and the weak gradient which be-
gins south of the Great Australian Bight follows a
spiral course eastwards into the Antarctic Ocean.
There are thus three zonal asymmetries of almost
opposite phase in winter: one at 25°S-35°S,
another at 40°-60°S, and the third south of
60°S.

Fig. 1 Average transport of sensible heat by the transi-‘
ent eddies at 850 hPa, in °C m/s, (a) December-
January-February, (b) June-July-August.

/

The mean meridional profiles of 500 hPa tem-
perature gradient for each season in the period
analysed here (Fig. 4) are similar to those obtained
by Taljaard et al. (1969). They show the principal
traits of the southern hemisphere’s climate:

(a) the 20°lat. change of steepest gradient from
summer to winter;
(b) the overall steepest gradient in winter;
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"Fig.2 Three-month running means of the zonally aver-
aged transport of sensible heat by the transient
eddies. In °C m/s.
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Fig. 3 Average gradients of 500 hPa temperature (a) in
December-January-February, (b) in June-July-
August, in °C/10°lat.
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(c) thesteeper gradients between 35°S and 55°S in
summer than in any other season; and in ad-
dition to the features of the extreme
seasons,

(d) the steeper gradients south of 55°S in autumn
and spring than in summer and winter,
which are part of the semi-annual oscillation
(van Loon 1967).

The course of (b) and (c¢) during the 1980s can
be seen in Fig. 5, which shows the zonally aver-
aged, three-month running means of the 500 hPa
temperature gradient per 5°at. The summer
maximum in middle latitudes varied much inter-
annually, both in its position and strength, and
weakened with time. The subtropical winter
maximum did not vary systematically.

Fig. 4 Meridional profiles of the zonally averaged 500
hPa temperature gradients in January, April,
July and October. In °C/10°lat.
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Fig.5 Three-month running means of zonally averaged,
500 hPa temperature gradients. In °C/101at.
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Links between temperature
gradients (thermal wind) and eddy
heat flux

Correlations between seasonal means of
gradients and flux

When the total eddy flux (quasi-stationary plus
transient components) is strong in the northern
hemisphere in the average for a winter, the zonal
mean temperature gradient tends to be steep 20°
equatorward of the given flux, and weak in the
same latitude as, and slightly poleward of, the flux
— principally with respect to the flux between
30°N and 70°N (van Loon 1979). Most of the cor-
relation between total eddy flux and temperature
gradient is due to the interaction between the
quasi-stationary eddy flux and the gradient: as
much as one-third to half of the interannual vari-
ance in the zonal mean gradient is linked to the
interannual variance of the sensible heat flux in
the quasi-stationary waves. The interannual
variability of the thermal and geostrophic wind,
and of the storm tracks, in the northern hemi-
sphere in winter is thereby connected to changes
in the poleward heat transport by the quasi-
stationary waves (van Loon 1979, 1980b). In
summer, the stationary waves transport a small
amount of sensible heat toward the equator, and
the relationships of winter are gone.

Quasi-stationary waves are almost barotropic
in the southern hemisphere, that is, the tempera-
ture and pressure waves are nearly in phase. The
waves are thus scarcely capable of carrying heat
poleward and, consequently, the transfer of sen-
sible heat through the atmosphere in middle south
latitudes is accomplished almost exclusively by
the transient eddies. The link between stationary
wave flux and temperature and wind that is found
in the northern hemisphere in winter, therefore
does not exist in the southern hemisphere (van
Loon 1979, 1980b, 1983).

The transient eddy flux in the northern hemi-
sphere is positively correlated with the tempera-
ture gradient immediately to its south: if the
zonally averaged flux was strong during the win-
ter, for instance flux at 30°N~-45°N, the gradient at
25°N-40°N tended to be steep, and if the flux was
weak the gradient was weak. The correlations be-
tween transient eddy flux and temperature gradi-
ent are, however, appreciably smaller than those
between stationary wave flux and gradient (van
Loon (1979), Figs 6-8; see also Lorenz (1979),
who arrived at quantitatively similar results by
mathematical analysis).

The improved analyses of the 1980s allow a bet-
ter estimate of the size and distribution of the
transient eddy flux in the southern hemisphere
and of the connection between the flux and other
elements. Figure 6(a) shows the correlation be-
tween the zonal mean, transient eddy heat flux at

850 hPa and gradient of 500 hPa temperature for
nine winter averages. Considering that flux from
the north is negative and gradients are positive, a
negative correlation means strong flux with strong
gradient or weak flux with weak gradient, whereas
a positive correlation means weak flux with strong
gradient or strong flux with weak gradient.

A sample of nine years is too small for estab-
lishing levels of statistical significance, but the
pattern of correlation suggests the following re-
lationships. Figure 6(a) indicates that strong flux
at low latitudes in the mean for a winter tends to
be associated with steep gradients in the same re-
gion, slack gradients at middle latitudes, and steep
gradients in the sub-Antarctic. There is, in other
words, a tendency for two thermal wind peaks,
separated by about 30°lat., when the transient
eddy flux increases in the subtropics. If the flux is
weak in the subtropics, the tendency is for a single
thermal wind peak at middle latitudes (r positive
at 35°S-45°S). Furthermore, if the flux was strong
near its peak, at 45°S-50°S, the gradient was weak
in the same latitudes, and conversely.

There is only one gradient maximum in the
middle troposphere in summer (Figs 3(a), 4) and
one west wind maximum (van Loon 1972,
Fig. 5.18). Therefore the correlations in Fig. 6(b)
between flux in the subtropics and temperature
gradient are simpler than in winter: strong flux at
25°S-30°S goes together with steep gradients at
20°S-30°S and with weak gradients at 45°S-55°S,
and conversely if the flux is weak. Or said other-
wise, when the heat flux in the transient eddies is
strong at lower latitudes, the peak of the thermal
wind tends to move northward, and when the sub-
tropical flux is weak, the strongest thermal wind
would be farther south (cf. Fig. 4, January).

The correlation patterns for spring and autumn
(Figs 6(c),(d)) are alike. The temperature gradi-
ents are fairly uniform from 25°S to the Antarctic
(Fig. 4). In both seasons increased flux in the sub-
tropics accompanies stronger gradients at the
same latitudes and weaker gradients farther
south, and conversely, as in the extreme seasons.
At higher latitudes the pattern is different: strong
flux at 55°S to 65°S is associated with weaker
gradients at middle latitudes, although the corre-
lations here are small, and stronger gradients in
the subtropics, and the opposite for a weak
flux.

The correlations between the flux in the sub-
tropics and temperature gradients in the same
area may be interpreted in terms of changes in the
heat flux divergence on the equatorward side of
the peak in the mean flux which, in the zonal aver-
age, is situated between 45°S and 60°S (Figs | and
2). The relationship between gradient and heat
flux, suggested by the correlations, is such that
large flux in the subtropics (that is, in the region
where the heat flux diverges on the equatorward
side of the maximum heat flux) increases the heat






