14 551.557.5 (99)

JET STREAMS OVER HIGH SOUTHERN LATITUDES

by W.J. Gibbs
Central Office, Bureau of Meteorology, Melbourne

(Presented at Antarctic Symposium, Buenos Aires, November 1959)

ABSTRACT

It has been suggested that both tropospheric and stratospheric jet
streams are found in middle and high latitudes of the southern
hemisphere (see WMO Technical Note No. 19).

From temperature soundings it is known that a temperature
‘maximum exists in the stratosphere over southern polar regions
in the southern summer, being replaced by a minimum in March
or April which intensifies until August, after which sudden warming
takes place leading to a replacement of the temperature minimum
by a temperature maximum in December. From this temperature
distribution it is possible to infer that a westerly wind maximum
will develop in the stratosphere in high southern latitudes in April
and persist until November. No evidence has been found to support
the suggestion that an easterly wind maximum may exist in the
stratosphere at about latitude 75°S in January.

It has been inferred (WMO Technical Note No. 19) that in addition
to the sub-tropical westerly jet stream in the southern hemisphere,
westerly jet streams occur in the troposphere between latitudes
40°S and 70°S. It seems likely that these are weakest in the southern
summer but are well marked in other seasons.

Observations from Macquarie Island, Wilkes, Amundsen-Scott and
Australia have been examined and verify the existence of the
stratospheric westerly wind maximum and the tropospheric middle
and high latitude westerly jet streams. Stratospheric observations
from southern Australia suggest that strong westerlies penetrated
to these latitudes in winter at about 30 km."

Some ideas concerning the mechanisms involved in the production
of these jet streams are discussed.

1. INTRODUCTION

The IGY program of upper air observations in Antarctica and sub-antarctic islands
has enabled further addition to the knowledge of the circulation of the atmosphere and in
particular of jet streams in higher southern latitudes.

A review of observational characteristics of the jet stream by Berggren, Gibbs and
Newton (1958) suggested that, in addition to the sub-tropical jet stream it is likely that "polar
front' jet streams occur at middle and high southern latitudes. This review also refers to
stratospheric jet streams in sub-polar regions which are westerly in winter and easterly in
summer.

Alt, Astapenko and Ropar (1959) have pointed out that, in October 1958, 80 to 100 kt
westerly jets occurred at 50 mb over the Antarctic coastline and that the belt of strong winds
moved south and weakened during November. They also draw attention to the fact that the
centre of the circumpolar vortex during the months of April, October and November {for which
mean 50 mb charts were drawn) was not at the geographical pole but at the pole of
inaccessibility (82°S, 55°E).
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Meridional cross-sections of mean temperature may be used to deduce the zonal
component of mean winds, and in this regard the temperature cross-sections of Taylor (1960)
and Alt, Astapenko and Ropar (1959) are useful in forming a generalized picture of the zonal
wind field.

Direct observations of upper wind will eventually confirm this picture and enable
details to be clarified, but this needs a careful statistical analysis of wind data, preferably
with interpolation of values for days without observation. In the meantime it is possible to
examine upper wind reports and in this paper this has been done for the reports from
Amundsen-Scott, Wilkes and Macquarie Island received at the International Antarctic Analysis
Centre, Melbourne, for the period June to September, 1959, inclusive.

2. THE GENERALIZED WIND PATTERN

Murgatroyd (1957), Berggren, Gibbs and Newton (1958) and Alt, Astapenko and
Ropar (1959) indicate westerly winds in winter between the surface and 30 km in middle and
high latitudes exceptforananticyclonic vortex shown by Alt, Astapenko and Ropar over east
Antarctica centred on the pole of inaccessibility (82°S, 55°E) and extending to 300 mb. A maxi-
mum of westerlies is indicated in the stratosphere in winter at 30 km at about latitude 70°S,
In the troposphere a maximum is present in the form of the sub-tropical jet stream and a
secondary maximum is likely in middle latitudes.

Palmer (1959) suggests that the stratospheric westerlies have two maxima, one
centred at 60 km at latitude 40° and the other at the edge of the earth's shadow. He points out
that the altitude of the secondary maximum is unknown but that evidence suggests that it lies
above 30 km and that Murgatroyd's analysis shows it extending above 50 km. Quoting Godson
and others (1958), Palmer assumes that the polar maximum is a result of the intense radiation
cooling of that part of the atmosphere continuously in the earth's shadow.

In summer the tropospheric westerlies'are again general although the sub-tropical
maximum is weaker and further to the south and is likely to be accompanied by another
maximum at higher latitudes. In the stratosphere in summer the circulation is predominantly
easterly and Kochanski (1955) has suggested a maximum in the stratospheric easterlies at
about 30 km and latitude 75°N. ’

In the southern hemisphere observations have largely confirmed this generalized
pattern, the main areas in which uncertainty exists being -

(i) the tropospheric jet streams in higher latitudes,

(ii) the location and extent of strong stratospheric westerlies in winter.

3. THE TEMPERATURE CROSS-SECTIONS

The temperature cross-sections of Taylor (1960) and Alt, Astapenko and Ropar (1959)
have been examined in conjunction with Australian upper air data {1958) and data quoted by
MacDowall (1960). From these sources cross-sections of mean temperature have been prepared
for January, April, July and October for the region 20°S to 90°S (Figs. 1-4).

It must be emphasised that these figures are based on somewhat fragmentary data and
cannot be regarded as accurate in detail. However, they should give a reasonable broad-scale
representation of the mean temperature field for a meridional cross-section in the Australian

sector.

The troposphere extends to 100 mb in lower latitudes and to about 300 mb in higher
latitudes. Within the troposphere the positive horizontal gradient of temperature is directed
towards the equator throughout the year but it appears that this gradient is by no means uniform.
Throughout the year there appears to be a relatively weak horizontal gradient of mean
temperature in the troposphere over Antarctica.
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In January (Fég 1) thege is some evxdence for greater tropospheric baroclinicity
in the zones between 40°S and 50°S and between 60°S and 70°S. The geostrophic zonal wind
shear computed from Fig. 1 and given in Table 1 is 27 kt between 800 mb and 300 mb at latitude
40%and 31 kt between 800 mb and 200 mb at latitude 65°. The 800 mb wind speed is likely to be
relatively low in each case so that the shears would approximate to the wind at the top of the
layer.

In Fig. 1 a stratospheric temperature maximum is evident over the pole with a
continuous decrease of temperature towards the equator. No evidence is apparent of a
temperature distribution which would yield an easterly wind maximum between latitude 70 and
80°S as suggested by Kochanski for the northern hemisphere although stratospheric winds will
be generally easterly. Table | indicates that the strongest stratospheric easterlies are likely
to occur in middle latitudes in January.

Table 1. Zonal Wind Shear (Knots) derived from Figures 1-4

800 mb to JANUARY APRIL JULY OCTOBER
65°s| 40°%s |25°%s [65°s | 55°s | 30%s {65%s | 50%s| 25°s | 70°s| 55°s |30%s
500 mb {18 |13 |13 15 |21 | 15 | 18 7| 48 61 16 | 23
300 mb 28 |27 |39 29 | 41 | 45 | 36 | 13| 96 14| 25 | s2
200 mb 31 |27 |49 43 | 43 | 74 | 43 | 32 |121 24| 34 | 81
150 mb 29 |27 [s1 48 | 37 | 74 | s2 | 38 |121 34| 44 | 82
100 mb 22 |18 |3 52 |28 | 64 | 64 | 44| 81 49| 52 | 67
80 mb 18 | 6 |10 55 |24 | 46 | 72 | 50| 61 59| 53 | 49
50 mb 9 l-17 |18 61 {17 | 18 | 91 | 63| 27 78| 54 | 21
30 mb 2 |-33 75 | 3 2 |108 | 79| -5 98 | s1 -7
20 mb -5 86 | -8 124 | 93 113 | 48

The limit of continuous sunlight is indicated in Fig. 1 and does not appear to be
associated with any significant effect on the temperature pattern. A significant gradient in the
temperature pattern might be expected to occur if the edge of continuous darkness provides a
similar significant effect, as is claimed by Palmer. However, neither the limit of the zone of
continuous sunlight nor the edge of the region of continuous darkness is likely to coincide with
the maximum gradient of temperature in the stratosphere, even if radiative fluxes are para-
mount in determining temperatures.

In April the regions of maxlmum barochmc1ty in the troposphere appear to be located
between 30° and 35 S and between 50° and 60 S, and computations of zonal wind shears given
in Table 1 support the likelihood of jet streams in these regions. In particular the 800 mb and
200 mb shear of 43 kt at latitude 55 is likely to be additive to an 800 mb mean zonal wind of
20 to 30 kt, giving a mean 200 mb wind of 60-70 kt which no doubt is the result of variable jet
streams with much higher speeds.

Figure 2 shows the appearance of a minimum of stratospheric temperature over the
pole and a region of maximum stratospheric temperature between latitudes 50° and 65° between
the two stratospheric temperature m1n1ma This distribution will be associated with stratospheric
westerlies between the pole and latitude 60° , and the mean isotherms suggest that there may be
a westerly maximum at the 20 mb level or higher at about latitude 70 to 75 S. Computations for
this part of ghe atmoosphere given in Table 1 show mean shears between 80 mb and 20 mb, between
latitudes 65 and 75, to be of the order of 90 kt and it is likely that these values would be greater
at higher levels.
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From Fig. 2, it will be noticed that the edge of the region of continuous darkness is
some distance from the region of maximum temperature concentration in the stratosphere,
tending to support the idea expressed above that the edge of this region is not a particularly
significant boundary.

As will be seen from Figs. 2 and 3, in July the two zones of baroclinicity are in
roughly the same latitudes as in April although the sub-tropical zone appears to be slightly further
to the north. However, because of the cooling of the stratosphere at latitudes south of 50 S a
maximum is not apparent in the mean winds in the troposphere in Table 1, although it seems
likely that typical tropospheric jet streams may be identifiable on individual days.

Figure 3 shows the polar temperature minimum in the Antarctic stratosphere has
intensified and the region of maximum stratospheric temperature has moved northward to the
vicinity of latitude 35 to 50 . It seems likely from this distribution that the westerly wind
maximum will occur in the stratosphere over a very broad zone of latitudes from latitude 50 to
latitude 75. Once again it will be noticed that there is no significant effect on the temperature
distribution associated with the limit of the region of continuous darkness.

Mean wind speeds over 100 kt appear likely above 20 mb between latitudes 55° and
o
70°S (see Table 1).

) In October the two zones of tropospheric baroclinicity are not vastly different from
July (compare Figs. 3 and 4), and once again, although there is not a definite tropospheric
maximum in the mean winds it is likely that such does occ¢ur on individual days.

Figure 4 shows the influence of the returning sun with strong warming in the upper
stratosphere in high southern latitudes. This has the effect of moving the region of maximum
stratospheric temperature to the latitudes of 45 to 65°S with the associated movement to the
region of maximum west winds to 65°5 to 8505, where mean wind speeds to 20 mb and higher
levels are likely to exceed 100 kt. It is likely that the westerly maximum is in the vicinity of
the edge of continuous sunlight at this time, although this seems to be largely coincidental.

5

From these curves it appears that the summer stratospheric temperatures increase
gradually from equator to pole. This applies from December until March, after which the
polar stratospheric temperature minimum appears and expands, penetrating furthest northward
in July or August. Rapid stratospheric warming is evident after August in curves for latitudes
550, 65° and 90°S suggesting that this warming is not associated directly. with the contraction
of the region of permanent shadow but is more likely to be associated with a critical sun
altitude. It seems likely that rapid stratospheric warming occurs at all latitudes higher than
55°s although it is, of course, most pronounced in the higher 1atitudesb Fig. 5 suggests that
the stratospheric westerlies are likely to be strongest in the region 65 S to 55 S between the
months of June and October.

4. UPPER WINDS; 1959

Observations of upper winds from Macquarie Island, Wilkes and Amundsen-Scott
have been plotted for the period June to September, 1959, inclusive, in order to compare these
results with those deduced from the temperature cross-sections. These wind-time cross-
sections are reproduced in Figs, 6 to 17 and indicate direction by orientation of arrows and
speed by isopleths. All wind directions were plotted with 360° indicated by an arrow pointing
downwards, 090° pointing to the left, 180° upwards and 270° pointing to the right. At
Amundsen-Scott, winds from the Greenwich meridian are shown by arrows pointing downwards,
those from 090°E and 090°w by arrows pointing to the left and right, respectively, and those
from 180 by arrows pointing upward.
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Fig.5 Annual variation of 100 mb temperature in various latitudes

The cross-sections for June, 1959, (Figs. 6-8), show frequent occurrences of jet
maxima in the troposphere over Macquarie Island with one occurrence at Wilkes. Observations
for Amundsen-Scott show an absence of strong winds in the troposphere. It is likely that the
occurrence 9f jet maximum at Macquarie Island is more frequent than indicated by Fig. 6, as it
is reasonable to suppose that jet stream conditions occurred on days when soundings failed to
reach jet stream levels. Observations of wind direction and speed in the stratosphere are
reasonably numerous from Wilkes and Amundsen-Scott, but were rarely obtained from
Macquarie Island. The Wilkes observations indicate a persistent positive wind shear with
height with speeds in the vicinity of 100 kt or above at altitudes above 80, 000 ft. On the other
hand, observations from Amundsen-Scott during the same period showed winds consistently
less than 20 kt. Very few observations at Macquarie Island exceeded 40, 000 ft in June 195¢
but those above that altitude indicated the same positiove Wing shear with height and obserwv:
above 80, 000 ft in the higher Australian latitudes (40 to 45 S) in the winter of 1959 indicat
very strong westerly winds often exceeding 100 kt (Gibbs and Hounsell, 1959),

The observations for July (Figs. 9, 10 and 11) revealed similar features as for Jun
Once again Macquarie Island observations frequently indicate the presence of a tropospheric jet
stream although in the last nine days of the month a blocking situation has apparently caused very
light winds. There is also a suggestion of the influence of tropospheric jet streams at Wilkes
and, towards the end of the month, at Amundsen-Scott.
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