

















8 microns diameter), which have a greater settling velocity as defined by Stokes
Law, when released from the calm area into the fast-moving westerlies below,
travelled at a much faster rate across Australia (Mossop, 1964; Weinert, 1967).

The second period of duststorms in Australia is also unlikely to have con-
tributed to dust deposition on the New Zealand scene. Again it is probable that
some of the buoyant finer dust would be carried into the high troposphere, perhaps
by convective turbulence, and ejected into the stratosphere by vertical circulations
reaching up to the jet-stream. Such material would possibly contribute to high-
level dust haze some days later over New Zealand. However, the more spec-
tacular event from this period of dust blowing was the intense blanketing of
Brisbane and southern Queensland by a “dust fog” on Wednesday, October 3.
This low-level dust, controlled then by mild southerly winds, could only have
travelled in a northerly direction (Figures 3 - 6) where it presumably dispersed
over or was absorbed into the Pacific Ocean. There is no conceivable way this
dust could have been deposited on New Zealand. Furthermore, this yellow-grey
dust was of a distinctly different character to the red-brown iron oxide-tinted
dust which fell on Central Otago (Marshall, 1929).

It would thus appear that it was the third period of dust blowing in Australia
which resulted in dust being transported to, and deposited upon, New Zealand.
These duststorms occurred in association with the passage of a deep trough of
low pressure across southeastern Australia during the night of October 5 and early
morning of October 6. The trough was located just west of Adelaide at 9 a.m.
on October 5, and off the eastern coastline, aligned meridionally along 160°E.
at 9 am. on October 6 (Figure 1). Hence the front crossed the main area of
dust origin sometime during the late afternoon and evening of October 5, prob-
ably between the hours 4-9 p.m. Preceding the front during the afternoon of
October 5 were strong northwesterly winds of 35 - 50 m.p.h. (30-43 knots) at the
surface. Dust was first deposited on Otago and Southland between 3 -4 p.m.
(N.Z. time) on October 6. Accordingly the dust must have traversed the Tasman
at very high speeds. Assuming the dust originated from the Mallee-Wimmera-
Riverina area then it must have been transported 1700 miles within 17 - 22 hours. In
other words the maximum average speed necessary to transport the dust was
between 77 and 100 m.p.h. (67-87 knots) — i.e., jet-stream conditions. Such
winds would normally only occur in the mid to upper troposphere associated
with a jet stream.

One mechanism for raising dust to great heights would seem to be related
to strong vertical velocities often associated with cold fronts (Farquharson, 1937;
Reiter, 1963). Loewe (1943) attributed such strong vertical velocities to turbu-
lence increasing simultaneously with increase of wind velocity in the squall line
thus leading to a strong and sudden increase in the vertical wind components.
Significantly, of the many individual examples of duststorms quoted by Loewe
(1943), the majority occur in situations almost identical to the one recounted here,
especially in association with the passage of a cold front across the Wimmera-
Mallee-Riverina area.

Upon being raised to levels between the mid and upper troposphere, the dust
would be injected into the jet-stream system for transportation across the Tasman.
In such extreme ‘“‘bad” weather situations jet-stream intensity winds extend down
to quite low levels (e.g. 300-500 mb). This is the level which according to Reiter
(1963) and recently Stevenson (1969) mainly influences the trajectories of the
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dust particles. The jet concerned is probably not the subtropical jet but rather
a mid- to high-latitude jet which commonly appears on the maximum wind charts
prepared by the Central Analysis Office of the Commonwealth Bureau of Meteor-
ology (see also Phillpot, 1962; and Gibbs, 1965). Figure 3 illustrates an analogous
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Figure 3. Jet stream patterns of 22-26 November, 1968. (Extracted from Daily
Maximum Wind Analysis Charts, Central Analysis Office, Commonwealth Bureau of
Meteorology, Melbourne.)

jet-stream pattern of November 24, 1968, which shows broad agreement with the
deep surface trough iltustrated in Figure 1. This pattern occurred in conjunction
with very strong surface winds and severe squally weather. In addition the jet-
stream: patterns for the period November 22 - 26, 1968, are shown. Of interest
is the near standing wave sitvation attained by the mid-latitude jet. A similar
situation may be envisaged during October 5-9, 1928. Jet-stream maxima wind
velocities in this stationary wave type of situation are commonly between 100-150
knots. Although this is somewhat higher than the 81-95km per hour (43-52
knots) average rates quoted by Reiter (1963) for transport of dust by jet streams,
the situation of October 1929 is an extreme one, and thus jet-stream maxima wind
speeds of 100 - 150 knots are reasonably realistic.

Transfer of dust out of the jet stream and subsequent deposition over a
localised area may be achieved by two, perhaps not mutually exclusive ways.
Dust deposits travelling within the jet stream have been found to be confined to
the leading edge of a deep upper trough (Reiter, 1963). The leading edge of a
jet stream is a zone of convergence and thus decelerating air (Murray and Daniels,
1953). It is also the zone of strongest subsidence (Reed and Sanders, 1953).
As dust deposits first fell in New Zealand within torrential rainfall it is possible
that the causative cumulo-nimbus clouds reached high into the troposphere. In
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this event dust may be envisaged as being ‘““sucked” down from the mid-tropo-
sphere by strong downdraughts within the cumulo-nimbus. On the other hand
there are apparent vertical motions present in the stratosphere which so far have
not been adequately accounted for (Murray and Daniels, 1953; Reiter, 1963). In
the region of strong jet-stream development, air within the baroclinic zone is
sinking out of the stratosphere (Newell, 1963; Reiter, 1963). “Because of their
vertical circulations the jet streams become a very important factor of mass
exchange, which may bring particles originally suspended in the stratosphere and
in the upper troposphere down to the earth’s surface within a short time” (Reiter,
1963; p.373). For example, such vertical motions seem necessary to explain the
drift of radioactive dust to New Zealand from the British nuclear bomb test at
Woomera in October, 1953 (Gabites, 1954).

Another point lending credence to the hypothesis proposed here is that the
Mallee-Wimmera-Riverina area is the area shown by Loewe (1943) as lying in
the zone of greatest duststorm frequency. Loewe’s conclusions show that highest
average frequency of duststorms does not occur in the most arid parts of Australia,
but rather in the slightly moister regions of marginal agriculture (for example the
Wimmera, Mallee and Riverina). The wind-distributed parna soils found over
a large portion of these areas are characterised by red-brown iron oxide coloura-
tions (Butler, 1956).

In addition, transport of dust from the Sahara to the European Alps has
often been associated with a standing wave type of jet-stream maximum (Reiter,
1963). The jet-stream patterns simulated here for the transport of dust suggest
the slow eastward progression of a well-formed wave trough across New Zealand
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Figure 4. Schematic Representation of a mechanism for transport of dust from
Australia to New Zealand.

114



between October 6 - 8. This would account for the deposition of dust clouds with-
out rain at Napier and the central North Island localities on October 8. It would
also explain the movement northward of the major zone of gale winds, dust activity
and thunderstorms during the same period (Kidson, 1929).

Apart from the mechanism for rapid transit of dust across the Tasman, the
problem of intermittent deposition of dust over New Zealand from October 6 -9,
and the replenishment of dust supply also need comment. As noted previously
the third period of dust raising in Australia was the most severe. In this period
duststorms were caused initially by the passage of a cold front. Dust raising was
protracted until October 7 by strong south-southwesterly winds in the rear of the
front as well as by the rapid passage of minor fronts (Figure 1).

In New Zealand dust was deposited from October 6-9. Hence at least
some of the dust travelled at slower average speeds than the maximum jet-stream
rates derived above. Speculatively, this could be due to lack of rapid vertical
motion either before or subsequent to transit of the dust within the jet stream.

CONCLUSION

Although paucity of surface data and absence of upper air data precludes
unequivocal determination of the exact mechanism of dust transportation, and
its source, the evidence reviewed and presented strongly suggests that an explana-
tion incorporating rapid transit of dust from southeastern Australia to New
Zealand via a jet-stream type situation is distinctly plausible. Nevertheless it
would also seem likely that during all periods of dust raising over Australia,
normal turbulence and convection processes raised the dust to the upper tropo-
sphere. Undoubtedly some of this dust was carried into the stratosphere by vertical
circulations associated with the baroclinic zone of the jet stream. These extensive
concentrations of dust at high levels would have contributed to the widespread high-
level haze, and later brilliant sunsets. Recent work by Prospero (1968) and Steven-
son (1969) on the transport of dust from the Sahara support the hypothesis of dust
transport by strong wind flow in the mid to upper troposphere. It thus appears
that the hypothesis outlined above (Figure 4) allows for many of the puzzling
features evident in the contemporary report by Kidson (1929).
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Table 1. Storm conditions and reports.

116



