Heat Content and Cyclogenesis Anomalies in the South Pacific

The 1982-83 warm season in the South
Pacific was marked by a strong anomaly in the
geographic distribution of the origins of tropi-
cal depressions. Following the World Meteo-
rological Organization (WMO) rules. tropical
depressions are classified as tropical storms for
maximum mean wind speeds between 16 and
32 m s~ ', and as hurricanes for wind speeds
above 32 ms— 1.

Meteorological files from 1940 to mid-
1982 show that. among the 431 recorded de-
pressions. 84% originated west of the dateline
and only 16% occurred east of it. For the same
period. only one hurricane formed cast of
150°W_ in February 1976. Sketchy data from
the beginning of the century indicate that in
January 1903 and March 1905 depressions
which hit French Polynesia may have been
born east of [50°W: these storms closely fol-
lowed the moderate El Nino events of 1902
and 1905. Of the fifteen tropical storms and
hurricanes of the 1982-83 season. cight
formed east of 180°. and five among these cast
of 150°W. This is another unique characteris-
tic of the current climate perturbation. A pre-
vious statistical study for the period 1956-78
(Donguy et «f., 1979) had alrcady indicated
that, during the warm seasons following an El
Nifio year. about twice the regular rate of for-
mation of tropical depressions was observed
east of the dateline (Table I). This was attri-
buted in part to the shift of the heat content of
surface waters toward the central Pacific. This
shift has been described for the 1957, 1972,
and 1976 El Nifio events from existing cruise

TABLE 1 (Eldin and Donguy)
Zonal distribution (numbers und percentages) of the
origins of tropical depressions for 1956-78 (from
Donguy et al.. 1979), and for 1982-83 in the Sowsh
Pacific.
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and XBT data (Hénin and Donguy. 1980).

For the 1982-83 event, much more tem-
perature data is available. allowing a more de-
tailed description of the distribution and evolu-
tion of the heat content. This data consists
mainly of XBT casts made from merchant
ships participating in the joint France-U.S.
network operated since 1979, They are supple-
mented by measurcments made near French
Polynesia by the French Navy in April 1983,
and the results of two cruises of the R/'V Mel-
ville between Tahiti and the equator in Febru-
ary and March 1983 (data kindly provided by
C. C. Erikscn).

We will use here a definition of heat con-
tent taken by meteorologists as a good indica-
tor of the available energy for ocean-atmo-
sphere interchange. i.e., the thermal energy
above the 26° isotherm depth. or 60 m, which-
ever is shallower (Gray. 1976). This quantity
is expressed by the average temperature be-
tween the surface and the chosen depth, a
mcthod filtering the effect of adiabatic move-
ments of the isotherms (Stevenson and Niiler,
1983).

The variations of hcat content from No-
vember 1982 to April 1983 are shown in Fig-
ure |. together with the zones of cyclogenesis
for each month. In November and December
1982, the maximum heat content zone extends
from 140°E to castward of 160°W and north of
10°S. as was observed at the end of 1976
(Hénin and Donguy. 1980). Three tropical
storms form above this zone. By January
1983, the heat pool has recessed toward the
southwest. regatning its normal seasonal posi-
tion. 1t is noteworthy that at the same time,
other XBT data at 0", 100°W show a lifting of
the thermoclinc. although the SST does not
decreasc; also. the Southern Oscillation Index
begins to increase (CAC, 1983). These fea-
tures looked like precursors of the resumption
of normal climatic conditions. However,
scarce data east of 160°W does not allow heat
content determination in this region. Three de-
pressions take place this month, two of them
associated with the western maximum of heat

content. By February 1983, a strong warming
of the central Pacific is observed. and the
westernmost heat pool continues to weaken.
Three hurricanes and one tropical storm form
this month, evenly distributed around 10°S
from 160°E to 140°W. Although all the de-
pressions are not associated with the heat pool
in the east, the maximum cyclonic activity oc-
curs during this month, when the global heat
content of the whole South Pacific is at a maxi-
mum. During the following two months, the
heat content weakens progressively from the
southwest. Five hurricanes will still appear,
four of them east of the dateline.
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FIGURE | (Eidin and Donguv)
Evolution of the upper ocean heat content from No-
vember 1982 to April 1983, expressed as the mean
temperature between the surface and the shallower
of 60 m and the 26°C isotherm depth. Shaded rec-
tangles represent zones of cvclogenesis.

A comparison with the monthly SST and
SST anomaly charts published by NOAA does
not show a better local correlation of cyclo-
genesis with SST than with heat content. For a
given latitude, depressions do not always ap-
pear in the region of maximum SST or positive
anomaly.

Many parameters which are not readily
accessible to continuous monitoring, such as
the vertical shear of the wind field or the verti-
cal gradient of atmospheric temperature, play
an important role in cyclogenesis. These pa-
rameters are also strongly modified during and
after an El Nifo event. Moreover, depressions
themselves are part of the process of energy
transfer from the ocean to the atmosphere.
This energy is then redistributed to the ocean
by the atmospheric circulation. This highly
nonlinear process explains why a local rela-
tionship between a given amount of heat con-
tent or a given SST and cyclogenesis cannot be
found.

It scems certain that perturbations in the
magnitude and position of the maximum heat
content in the South Pacific arc tied to the per-
turbations in cyclogenesis. A more complete
study is being undertaken from filed records to
try to understand more precisely the origin of
cyclogenesis anomalies following El Nifio
events.
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