
Introduction
At 0149 UTC on 21 January 1997 an abrupt souther-
ly wind change moved through Hobart Airport (see
Fig. 1 for all place names used in this paper), with the
surface wind shifting from 310/22 kn (gust 34 kn) at
0130 UTC to 160/15 kn (gust 31 kn) at 0156 UTC.
With this change the temperature dropped from
37.2°C to 24.6°C over the same interval. At 0230
UTC 21 January 1997, Qantas flight QF617 was
approaching Hobart Airport from the northwest and
encountered extreme turbulence at approximately 500
ft altitude (the imperial units used here are those tran-
scribed from the flight recorder records). Wind (tem-
perature) changed from 315/31 kn (37.5°C) at 472 ft

to 178/11 kn (32.8°C) at 396 ft. After descending
through the wind-shear layer into cooler southerlies,
the plane climbed rapidly and passed through a zone
of southwesterly winds, with the temperature increas-
ing rapidly again to the mid-30s (°C) at around 1200
ft altitude. A tabulated extract from the flight recorder
data is shown in Table 1.
The purpose of this paper is three-fold. In the first

part, the frequency with which such wind shear events
occur at Hobart Airport is reviewed, and the subsyn-
optic evolution of the low-level wind, temperature,
and pressure fields around southern Tasmania on that
day is documented. In the second part of the paper a
high resolution mesoscale numerical weather predic-
tion (NWP) model simulation of the event is used to
both demonstrate the predictability of the event with
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contemporary operational mesoscale NWP models
(mesoscale models), and to diagnose the processes
leading to the development of the circulation features
that caused the extreme wind shear.
The processes revealed in the diagnostic part of the

study might plausibly be expected to appear with
some regularity during the summer, and so the fre-
quency with which such events might occur, and how
well operational NWP models might forecast such
events is of interest. In the third part of the paper, the
observed climatology, using radiosonde data from
Hobart Airport, is compared with a 3-summer clima-
tology of the Bureau of Meteorology’s operational
Mesoscale Limited Area Prediction System (meso-
LAPS) (Puri et al. 1998; NMOC 1999) model fore-
casts to address this issue.

Climatology
It has been recognised for many years that low-level
wind shear can be a hazard to aircraft on approach and
departure, and a formal process for issuing wind shear
advices at Weather Service Offices (WSO) was intro-
duced in 1977. The criterion for issuing an advice of
probable vertical wind shear was a ‘vector difference
of approximately 25 knots or greater … over a 1000
foot layer within the lowest 2000 feet’ (Bureau of
Meteorology Services Circular 70/236 of 2 August
1977). As part of that circular, it is stated that ‘From a
study of the shear reports available in Australia it
appears that the most frequent synoptic pattern asso-
ciated with reported shear events involves the pene-

tration of a sea breeze against a relatively strong off-
shore gradient’ – a synoptic pattern that could be used
to describe the case studied in this paper.
Following the introduction of these advices, a

written record of pilot reports of low-level wind shear
at Hobart Airport was maintained from December
1977 until the WSO closed in 1986. While the pilot
reports do not necessarily contain full information,
have elements of subjectivity, and only sample the
atmosphere when there are aircraft movements, they
do show a frequency with which low-level shear at
Hobart Airport was sufficiently strong to warrant a
pilot report. The monthly frequency of reported
events (some events resulted in more than one report)
for full years from 1978-1986 is shown in Fig. 2.
There is a clear bias to the warmer months of the year,
with the largest number in January when an average
of nearly two events per month were reported.
A record that is objective and consistent is that of

the upper-air wind flights from Hobart Airport, valid at
approximately 0500, 1100, 1700 and 2300 UTC each
day (with slight variations in timing to allow for day-
light savings). The distribution of shear from the sur-
face to 2000 ft in 1 m s-1 ranges over thirty warm sea-
sons (December to March inclusive) from December
1972 to March 2002, is shown for each of the four
observation times in Fig. 3. The first conclusion is that
shears greater than (say) 15 m s-1 are quite rare, and
that the shears greater than 20 m s-1 are very rare, only
occurring on eight occasions, of which three were at
0500 UTC. One of the latter cases was that of 21
January 1997 (arrowed). Examination of these
strongest events shows another characteristic: the large

Table 1. Extract from QF671 flight recorder.

Time Latitude Longitude Altitude Wind Dir Wind Spd Temperature
(UTC) (Deg. S) (Deg. E) (ft) (degrees) (knots) (°C)

02:32:25 42.802 147.454 968 315 32.0 36.0
02:32:29 42.805 147.457 884 309 31.0 36.3
02:32:33 42.808 147.461 816 316 32.0 36.5
02:32:37 42.810 147.465 700 314 36.0 36.8
02:32:41 42.813 147.468 620 314 30.0 37.3
02:32:45 42.816 147.472 544 320 32.0 37.5
02:32:49 42.819 147.476 472 315 31.0 37.5
02:32:53 42.821 147.479 396 179 11.0 32.8
02:32:57 42.824 147.483 388 193 18.0 29.3
02:33:01 42.826 147.487 476 192 11.0 28.0
02:33:05 42.829 147.490 668 179 11.0 27.0
02:33.09 42.831 147.494 876 224 21.0 29.5
02:33.17 42.837 147.501 1160 267 13.0 34.5
02:33:25 42.843 147.510 1252 258 18.0 35.3
02:33:29 42.846 147.515 1344 238 18.0 37.0
02:33:33 42.850 147.519 1432 316 28.0 36.8



shear values fall into two broad groupings, one in
which there is very strong 2000 ft wind speed, and the
surface wind is less, but in the same general direction,
and cases such as that of 21 January 1997, when a

strong northwesterly flow is ‘undercut’ by a southerly
to southeasterly flow. Defining an ‘undercutting’ event
as one in which the 2000 ft wind direction is between
270° and 360° together with 10 m wind direction
between 90° and 180°, then the strongest wind shear
events (greater than 15, 17 and 19 m s-1) can be cate-
gorised into ‘undercutting’ and other (generally strong
synoptic flow) events. Table 2 shows that the strongest
shears in the afternoon and evening tend to be associ-
ated with undercutting events, while in the early morn-
ing hours (1700 and 2300 UTC) the strongest shears
tend to be in the very strong flow category. It may be
that in these latter cases the typically greater night-time
and early-morning low-level stability of the atmos-
phere leads to stronger speed gradients, contributing to
the greater shears seen.
The radiosonde data that comprise the above analy-

sis only sample the atmosphere at four ‘instants’ each
day, and thus may not necessarily identify all events
that may have taken place. This is perhaps particularly
true for the undercutting events as these may be more
likely to be of relatively short duration. An example is
the report from Hobart WSO for the afternoon of 16
February 1986 when a Boeing B727 aircraft aborted its
landing when significant wind shear was encountered.
At 0400 UTC the upper-air flight showed a surface
wind of 350/12 kn and a 2000 ft wind of 350/18 kn.
However, by 0520 UTC the surface wind was 170/23
kn, and the aircraft reported severe shear just after that
time. By 1000 UTC, the time of the next upper air
flight, the southerly winds had extended to above 2000
ft, so the objective analysis of the radiosonde archive
would not have identified this case. Another example,
which was a case of undercutting, is that of 24
December 1998, when the shear was observed to be
17.2 m s-1. The flight was launched at 0300 UTC, prob-
ably because of suspected low-level wind shear, but by
0500 UTC the southerlies had deepened to above 2000
ft, and the event would not have been identified with-
out the special flight.
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Fig. 1 Locality diagram.

Fig. 2 Histogram showing the total number of pilot
reports of significant low-level wind shear at
Hobart Airport in each month from January
1978 – December 1986.

Table 2. Number of observed shears exceeding 15, 17 and 19 m s-1 at the four observation times, together with the num-
ber of these shears associated with undercutting (see text for details).

Shear > 15 m s-1 Shear > 17 m s-1 Shear > 19 m s-1
Time No. No. No. No. No. No.
(UTC) Undercut Undercut Undercut

0500 13 7 6 3 3 2
1100 14 4 2 1 0 0
1700 14 1 5 0 2 0
2300 18 1 6 0 3 0



Synoptic and mesoscale description
Synoptic scale
At 1100 UTC 20 January 1997 (some 15 hours prior
to the aircraft incident) a northwesterly flow extended
across Tasmania, with lows over the Southern Ocean
well west and southwest of the island (see Fig. 4(a)),
and with another low over the northwest of South
Australia (SA). A ridge of high pressure extended
from the west just offshore near the SA/Western
Australia (WA) border. At 300 hPa (Fig. 5(a)) an
amplifying trough was situated in the central Bight,
with a northwesterly jet streak on its northeastern
flank. Farther south, the jet turned anticyclonically,
with a stronger isotach maximum well south of
Tasmania. Infra-red satellite imagery (Fig.6(a)) shows
the cloud mass associated with the jet/trough system
extending from the western parts of SA southeast-
wards and then curving anticyclonically south of
Tasmania. By 2300 UTC 20 January the low west of
Tamania had largely cut off just south of latitude 40°S
(Fig. 4(b)), as had the 300 hPa trough (Fig. 5(b)). The
increasing anticyclonic curvature of the cloudband

near 45°S (Fig. 6(b)) reflects this cutting off process.
Both these systems were moving eastwards only
slowly in Tasmanian latitudes, although the analyses
indicate that the systems were more mobile south of
50°S. Over the SA gulfs a pre-frontal trough had
developed (Fig. 4(b)) in the deformation zone ahead
of the ridging along the coast.
During the daylight hours of 21 January the pre-

frontal trough over the SA gulfs moved eastwards and
developed into a significant cool change along the
Victorian coast, and had moved through Melbourne
by 1100 UTC 21 January 1997. (Mills (2002) pro-
vides a detailed description and diagnosis of the
mesoscale dynamics of this system.) Ridging had
extended south of Tasmania and the now cut-off low
was well west of the island (Fig. 4c), but a trough had
moved through to the southeast, and it is in the syn-
optic environment of this trough that the southeaster-
ly wind surge moved over Hobart Airport.

Mesoscale analysis
Figure 7 shows subjective re-analysed local-scale
mean sea-level pressure (MSLP) analyses at three-

174 Australian Meteorological Magazine 52:3 September 2003

Fig. 3 Number of occurrences of 10m – 600m wind shear in 1 m s-1 ranges during the warm season, December –March
inclusive, between December 1972 and March 2002, at each of the four observation times. A logarithmic scale
is used for the ordinate to enable the outliers to be identified, and the number of events in each range is also
plotted. The labels on the abscissa indicate shear falling into the 1 m s-1 range up to the label value.
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Fig. 5 300 hPa height/wind analyses at 1100 and 2300
UTC 20 January 1997, and 1100 UTC 21
January 1997 from the operational objective
analyses prepared from the LAPS data assim-
ilation cycle. Height contours at 60 m inter-
vals, isotachs at 10 m s-1 intervals above 40 m
s-1 (shaded).

Fig. 4 MSLP analyses valid at 1100 and 2300 UTC 20
January 1997, and 1100 UTC 21 January 1997
from the operational objective analyses pre-
pared from the LAPS data assimilation cycle.
Contour interval 2 hPa.



hourly intervals from 1900 UTC 20 January 1997.
These were prepared in early 1998 as part of the
(unpublished) post-incident report. At 1900 UTC
(Fig. 7(a)) northwesterly oriented isobars are drawn
across Tasmania, with an upstream ridge and a down-
stream trough apparently reflecting some orographic
effects. A trough/cold front is analysed to the west of
Tasmania. Of particular note are the strong corrected
pressure falls over southeastern Tasmania (see the
observations at Maatsuyker Island, Cape Bruny, and
Hobart Airport). At 2200 UTC (Fig. 7(b)) a develop-
ing trough is analysed along the southeast coast of the
island (pressures continuing to fall at Hobart Airport
and at Cape Bruny), but a backing of the wind, cool-
ing, and strong pressure rises have led to a new trough
line being analysed through the southwest of
Tasmania, and this trough was interpreted as being
linked with the cool change which had just reached
the far west coast of Victoria at that time (see Mills,
2002, his Fig. 6(a)). Immediately to the west of this
trough a ridge of high pressure is analysed along the
southwest coast of Tasmania.
At 0100 UTC (Fig. 7(c)) pressures were rising at

Maatsuyker Island and Cape Bruny with the west-
coast ridge extending across the waters just south of
Tasmania, and strong southerly winds reported at
both Cape Bruny and at Palmer’s Lookout. A meso-
high was analysed near Palmer’s lookout, and a
small low near Hobart Airport, where 35 kn north-
westerly winds were reported. By 0400 UTC (Fig.
7(d)) the southerly winds had moved through Hobart
Airport, the low was analysed to have moved to the
central east coast of Tasmania, and a mesoscale
ridge was well established over the south coast. The
effects of this complex, mesoscale evolution on
Hobart Airport’s surface winds and temperatures led
to the abrupt wind change at 0149 UTC. However,
the 0400 UTC upper wind sounding at Hobart
Airport (more than two hours after the surface
change) indicated the shallowness of the change; the
2000 ft wind was reported as 285/26 kn.

Model diagnosis
Validation
The skill and internal dynamic consistency of con-
temporary mesoscale models have been shown in
many cases to provide insight into the dynamic and
kinematic processes acting to generate significant
mesoscale weather systems (e.g. Mills 2001, 2002).
In this section, a mesoscale NWPmodel forecast, also
used in Mills (2002), is used to provide some dynam-
ic insight into the development of the southerly surge
through Hobart Airport. The model used is the LAPS,
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Fig. 6 GMS-5 IR satellite imagery at 1132 and 2332
UTC 20 January and 1132 UTC 21 January
1997.



described by Puri et al (1998), with the inclusion of a
new planetary boundary layer scheme following
Viterbo and Beljaars (1995). The model was config-
ured for these forecasts with 0.10° grid spacing and
29 vertical levels, and covered a domain from 50°S
125°E to 25°S 155°E centred over western Bass
Strait. Initial state and boundary conditions came
from the operational LAPS forecast, which at that
time had a horizontal grid spacing of 0.75° and 19
vertical levels. The model was initialised at 1100
UTC 20 January 1997, and run for 24 hours, with
fields being output every hour to resolve the rapid
evolution of the pressure and wind patterns seen in the
subjective analyses and in the observations described
in the previous section.
To first demonstrate the model’s performance in

simulating this event, Fig. 8 shows forecasts of MSLP
and of surface potential temperature at 1900 and 2200
UTC 20 January 1997, and 0100 and 0400 UTC 21

January 1997, each overlaid on the 10 m streamline
field. At 1900 UTC (Figs 8(a), (b)) the thermal pattern
shows little gradient over the sea, with most of
Tasmania being warmer than the surrounding ocean,
although the north coast, where the flow is onshore,
shows lower temperatures than the remainder. The
broad northwesterly flow shows signs of being
blocked by the Tasmanian orography, with the flow at
10m showing some diffluence around the northwest-
ern corner of the island. Indeed, there is a small region
of southerly flow in the middle of the north coast at
this time, consistent with the southerly wind observa-
tion there in Fig. 7(a).
By 2200 UTC (Figs 8(c), (d)), the MSLP forecast

shows a ridge off the southwest coast of Tasmania and
a developing trough just inland from the southeast
coast. The wind field is still basically northwesterly,
apart from some flow distortion over northwestern
Tasmania. The thermal field shows relatively higher
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Fig. 7(a, b) Subjective post-analyses of MSLP over
Tasmania at 1900 and 2200 UTC 20
January 1997. Contour interval 2 hPa.

Fig. 7(c, d) Subjective post-analyses of MSLP over
Tasmania at 0100 and 0400 UTC 21
January 1997. Contour interval 2 hPa.



temperatures over much of Tasmania, with the high-
est values just downstream of the Central Highlands.
Thermal gradients are strongest just onshore/offshore
wherever there is onshore/offshore flow. The offshore
flow along the southeast part of the island, and the
orientation of the isentropes there, suggests that the
warm, offshore flow is being modified by cooler sea
surface temperatures to produce a stable internal
boundary layer (IBL) (see Garratt 1990).
The 0100 UTC forecast (Figs 8(e), (f)) shows the

ridge extending around the southern coast of
Tasmania to a high centre some 60 km southeast of
Cape Bruny, and a large area of low pressure over
southeastern Tasmania, with a local minimum just
west of Hobart. (Note that there are likely to be some

issues of pressure reduction here, but these should not
affect the qualitative discussion.) The flow pattern
shows backing winds along the southern coast from
Maatsuyker Island to past South East Cape, and
southwest to southerly winds extending into Storm
Bay. There is a marked concentration of the isen-
tropes in Storm Bay, with the thermal gradient in that
region increasing dramatically in the preceding three
hours. This increased temperature gradient is partly a
consequence of heating over the land, where temper-
atures have increased by some 4 K, but also due to
cooling over the sea in southern Storm Bay, where the
temperatures have cooled by some 4 K (see the
‘movement’ of the 294 K isentrope between Figs 8(d)
and 8(f)). Three hours later (Figs 8(g), (h)), souther-

Fig. 8(a-d) MSLP (left) and 10 m potential temperature (right), each with 10 m streamlines from the 0.1° mesoscale
model forecast, valid at 1900 and 2200 UTC 20 January 1997. Contour interval for pressure is 1 hPa, for
potential temperature 2K. The heavy lines show the locations of cross-sections in Figs 10, 13, and 15.
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ly winds have extended northwards through Storm
Bay, and a concentrated temperature gradient has
developed at the head of the bay. There is still a low-
pressure centre west of Hobart, but a trough extends
eastwards along the convergence line associated with
the confluence of the southerly and the northwesterly
flow to the northeast of Hobart.
While there are some differences in the detail of

these forecasts and the analyses of Fig. 7, the overall
evolution is well simulated, and the forecast of the
southerly surge is extremely accurate as to timing
and, as far as can be verified, structure. Plots of wind
barbs at sigma =0.9988 and sigma = 0.950 (model
levels 1 and 7, approximately 10 m and 500 m above
ground, respectively) over a small area of southeast
Tasmania (Fig. 9) show that while the strength of the

southerlies near the surface has not been captured, the
directional shear in the lowest 500 m of the model
atmosphere is large, and is consistent with the aircraft
reports and with the 0400 UTC upper wind profile
from Hobart Airport. At least some of the differences
between the subjective local-scale analyses and the
MSLP forecasts (Figs 7 and 8) can be attributed to
some subjective geostrophic constraints implicit in
the manual analyses, while the forecasts in Fig. 8 are
highly ageostrophic in the region of the low pressure
centre and the southern coastline of Tasmania.

Diagnosis
It has been shown in the previous section that the near-
surface wind field evolved very rapidly over southern
Tasmania in only a few hours prior to 0200 UTC 21
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Fig. 8(e-h) Mean-sea level pressure (left) and 10 m potential temperature (right), each with 10 m streamlines from the
0.1° mesoscale model forecast, valid at 0100 and 0400 UTC 21 January 1997. Contour interval for pressure
is 1 hPa, for potential temperature 2K. The heavy line shows the location of the cross-sections in Fig. 14.



January. Before analysing the evolving balance of
forces which led to these rapid flow changes, the spatial
variation in the vertical structure of the lower tropos-
phere over Tasmania and surrounding waters at 1900
UTC 20 January 1997 (the start of the diagnosis period)
will be described. Figure 10 shows cross-sections along
(northwest-southeast) and across (southwest-northeast)
the background flow over Tasmania. To the northwest
of Tasmania (Fig. 10, top panel) there was a stable layer
in the low levels as the hot air advected off the
Australian continent was cooled by the waters of Bass
Strait to produce a stable IBL. The isentropes slope
upward over the northwestern part of Tasmania, and

downward in the descending air over the southeastern
part of the island. While the temperature (density) gra-
dients on the upstream side of the Tasmanian topogra-
phy would suggest a counter-flow directed pressure gra-
dient force (PGF), the upward slope of the isentropes
suggests that the air approaching Tasmania was only
partially blocked by the Tasmanian orography.
Downstream of the highest orography, the air is gener-
ally descending, and surface temperatures are higher
than at the same elevation on the upstream side. As the
flow moves offshore to the right of the section, a stable
marine IBL is once again seen. Off the west coast of
Tasmania (Fig. 10, bottom panel) a very stable layer is
seen over the ocean below 950 hPa, but with much
lower static stabilities above 900 hPa.
From the momentum equation, the forces acting to

accelerate a fluid parcel are the pressure gradient
force (P), the coriolis force (C), and friction (F). That
is, in pressure coordinates,

DV/Dt = P + C + F, ...1

where P = -∇Φ, C = -f kxV, f is the Coriolis para-
meter and Φ is the geopotential.
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Fig. 9 Wind barbs from the 0.1° mesoscale model
forecast at sigma level 0.9988 (approx. 10 m)
and at sigma level 0.950 (approx. 500 m) at
0300 UTC 21 January 1997. The barbs have
their usual meteorological meaning.

Fig. 10 Cross-sections northwest-southeast (top) and
southwest-northeast (bottom) through
Tasmania of potential temperature (solid
lines) and vertical motion (dashed contours,
longer dashes indicate ascending air) from
the 0.1° mesoscale model forecast valid at
1900 UTC 20 January 1997. Contour interval
for potential temperature 2K, for vertical
motion 10 hPa hr-1. The model topography is
indicated by the asterices. The locations of
the cross-sections are shown in Fig. 8(a).



The pressure gradient and Coriolis forces were
calculated from the model output interpolated to
pressure coordinates, with levels below the model
terrain blanked out. In Fig. 11 the PGF and the
Coriolis force are plotted as vectors in the left pan-
els, and the 10 m wind barbs and the resultant parcel
acceleration (ie the vector sum of P and C) due to
the pressure gradient and the Coriolis forces are
plotted in the right-hand panels. These are shown at
2200, 2300, 0000, and 0200 UTC. At 2200 UTC
(Figs 11(a), (b)), as the ridge was extending along
the southern coast of Tasmania, the Coriolis force
and PGF were generally directed opposite to each
other, as would be expected in reasonably
geostrophically balanced flow. However, just south-
west of South East Cape, the developing ridge led to
a local reduction in the large-scale southwest-direct-
ed pressure gradient, with a consequent acceleration
of air parcels to the left. One hour later (Figs 11(c),
(d)) this effect is much stronger, with a local high
centre (H in Fig. 11(c)) south of South East Cape, as
can be seen by the diverging PGF vectors radiating
from that location. A broad area of flow south and
southeast of South East Cape is now being acceler-
ated to the left (north), as the pressure gradient is
reversed and P and C are now reinforcing each
other, and the air parcels are being forced to adjust
by this rapidly evolving net acceleration.
By 0000 UTC (Figs 11(e), (f)) the winds in that

region had backed rapidly, and south of Storm Bay
the strongest accelerations were to the north as pres-
sures fell over land and rose over the sea, with the
PGF again reinforcing the Coriolis force. This pattern
continued, and by 0200 UTC (Figs 11(g), (h)) the
winds had backed so that the parcel acceleration in
Storm Bay was directed more or less directly along
the wind vector, thus tending to increase parcel speed.
The effect of this rapid northeastward-directed

acceleration is a backing of the winds and enhanced
cold advection south of Storm Bay, as shown in Fig.
12. At 2300 UTC cold advection of more than 4 K h-1
occurred in the area of strongest northeastward accel-
eration. This, when combined with the strong warm
advection of heated overland air being swept offshore
by the northwesterly flow across Tasmania, leads to the
development of the strong thermal (and thus density)
gradients seen in Fig. 8.
The processes acting are clearly highly non-linear,

but an important feature is the presence of a stable
marine boundary layer immediately offshore from the
southern and southeastern coast. Figure 13 shows a
south-north potential temperature cross-section inter-
secting the coast near South East Cape. The stable
layer to the south of the land is clearly seen by the
weakly ascending isentropes just offshore. Relating

this pattern to Fig. 11(a), as the air parcels are forced
to back by the net northward acceleration in that area,
there will tend to be a net cool advection towards the
coast – a concentration of thermal, and thus density,
gradient. This increased density gradient then results
in an increased pressure gradient towards the north,
particularly as pressures fall over land in response to
the daytime heating, and thus a stronger northward
acceleration.
The evolving manifestation of these processes

along the background flow (i.e. northwest-southeast)
through Storm Bay is seen in the time sequence of
cross-sections in Fig. 14. At the initial time (2000
UTC) the isentropes were sloping downwards from
the higher elevations of inland Tasmania as the pre-
vailing northwesterly flow descended off the central
highlands. A stable IBL, slowly deepening with
downwind fetch, was evident offshore. By 2200 UTC,
with the commencement of solar heating, the surface
layer overland was beginning to warm. Two hours
later a deep mixed layer was established over south-
eastern Tasmania, while the cooler marine boundary
layer was deepening as the backing winds discussed
above began to advect cooler air from the south in the
lowest levels. Finally, by 0200 UTC, the cooler air
had penetrated to the coast as the southerly surge
reached the head of Storm Bay. Again equating tem-
perature gradients with pressure gradients, the heating
of the planetary boundary layer over southeastern
Tasmania led to lowering pressures (geopotential
heights) over the land between 2000 and 0200 UTC.
Even without any other processes, this would lead to
a local perturbation to the PGF directed from sea to
land. However, with the processes acting earlier in
the morning to back the winds south of Storm Bay
and thus advect cooler near-surface air northwards,
this effect is exaggerated and reinforced.
An issue that has hitherto been neglected is the

reason for the development of the small high-pressure
system off the west coast of Tasmania from 2200
UTC. The presence of this system is supported by the
independent subjective mesoscale analyses of Fig. 7
and by the rapid pressure rises seen in the observa-
tions, and is also represented in the mesoscale model
forecasts. It appears from the above analysis of the
evolving balance of forces that this high pressure sys-
tem had a significant role in generating, or at least
amplifying, the southerly pressure surge through
Storm Bay. If a cross-section from the southwest to
northeast is constructed through this high at 2200
UTC (Fig. 15) a stable marine boundary layer off-
shore below around 950 hPa is seen. However, above
this layer, between 950 and 800 hPa, there is a steeply
sloping zone of isentropes in the middle of the sec-
tion, and the ascent/descent couplet in the warm/cool
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air either side of these sloping isentropes is evocative
of a cold front above this stable marine boundary
layer. The 900 hPa isentrope pattern at that time (Fig.
16) shows a zone of enhanced thermal gradient
stretching from the southeast SA coast to just west of
Tasmania. This zone was attributed in Mills (2002) to
coastal frontogenesis on the west coast of Eyre
Peninsula the previous afternoon, and is thus more a
result of the land-sea thermal contrast of the SA coast-
line than it is of synoptic-scale frontogenesis. (A
deeper, truly synoptic, front can be seen further south
associated with significant directional wind shear.)
While the maritime part of this zone, marked by the
302 and 306K isentropes, is relatively well defined

and coherent, it appears that the approach to the oro-
graphic and thermal mass of Tasmania has interacted
with the front and disturbed the flow.
It may be hypothesised that the elevated front, the

cooler (denser) air in the IBL, and the Tasmanian
orography interact in the following way to develop a
mesoscale region of higher pressure on the west coast
of Tasmania. First, the pressure gradients across the
elevated front lead to a backing of the surface winds
from northerly to northwesterly to the west of the
front (see the change in direction of the streamlines
across the 292K isentrope in Fig. 8(d)). These winds
then acted to advect the cooler near-surface air
towards the Tasmanian coastline, where a combina-
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Fig. 11(a-d) Left panels show the vector forces associated with the pressure gradient force (PGF, red) and the Coriolis
force (CORF, green). Right panels show the 10 m wind barbs (WIND, black) and the resultant (sum of pres-
sure gradient and Coriolis accelerations) acceleration (ACCLN, magenta). Calculations were performed on
the 1000 hPa surface, using the 0.1° mesoscale model forecast fields at 2200 and 2300 UTC 20 January 1997,
with calculations suppressed below topography. The H in (c) refers to a feature discussed in the text.



tion of the stable layer at the top of the IBL and the
Tasmanian orography led to an accumulation of cool-
er air close to the coast, and thus a hydrostatic pres-
sure rise.

Objective predictability
It has been shown that a research version of the LAPS
model, with a grid spacing of 0.1° can qualitatively
indicate the presence of strong directional and speed
shear in the lowest levels of the atmosphere over
Storm Bay, Tasmania, for a single case, which has
been shown to be quite unusual and rare in its inten-
sity. Given that the version of the mesoscale model

used in this study has a grid spacing (0.1°), only a lit-
tle less than 0.125° used in the operational meso-
LAPS model (NMOC 1999), it is of interest to know
how well the operational model might be expected to
forecast low-level wind-shear events associated with
Storm Bay lows. Meso-LAPS has been operational in
its 0.125°, 29 level configuration since late 1999, and
so archived forecasts for three summers (1999/2000,
2000/1, 2001/2) were available for analysis at the
time of this study. Examining plots of the magnitude
of the shear through the model’s lowest levels showed
that the model predicts strong shear in strong flow sit-
uations whenever the terrain slope is steep near the
land sea interface; this due to the sharp gradients in
model topography and effective roughness in that
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Fig. 11(e-h) Left panels show the vector forces associated with the pressure gradient force (PGF, red) and the Coriolis
force (CORF, green). Right panels show the 10m wind barbs (WIND, black) and the resultant (sum of pres-
sure gradient and Coriolis accelerations) acceleration (ACCLN, magenta). Calculations were performed on
the 1000 hPa surface, using the 0.1° mesoscale model forecast fields at 0000 and 0200 UTC 21 January 1997,
with calculations suppressed below topography.



region – most of the Tasmanian coastal zone.
However, a particular characteristic of the January 21
event was the strong directional, as well as speed,
shear at 0500 UTC. In order to automatically identify
events in which there was strong directional as well as
speed shear over the layer near the surface, and after

some little experimentation, a transformed shear, XS
was calculated,

XS = 0.5 (S + 0.5(1-cosθ)S) …2

where S is the magnitude of the shear between two
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Fig. 12 Forecast 1000 hPa temperature advection
(-V..∇∇T) at 2300 UTC 20 January 1997.
Units K h-1, contour interval 0.5. Negative
values (cold advection) have been dashed,
and gridpoints below model topography
have been excluded from the calculations.
The zero line has not been plotted.

Fig. 13 South-north cross section of the forecast valid
at 2300 UTC 20 January from the 0.1°
mesoscale model forecast. Solid contours are
potential temperature (contour interval 2K),
dashed contours are wind speed (contour
interval 5 m s-1). The model topography is
indicated by the asterices. The location of the
cross section is shown in Fig. 8(c).

Fig. 14 Northwest-southeast cross-sections through
Storm Bay from the 0.1° mesoscale model fore-
casts valid at 2000 and 2200 UTC 20 January
1997, and at 0000 and 0200 UTC 21 January
1997. Solid contours are potential temperature
(contour interval 2K), dashed contours are
wind speed (contour interval 5 m s-1). The
model topography is indicated by the asterices.
The locations of the cross-sections are shown
in Fig. 8(f).



layers, and θ is the angle between the wind vectors in
the upper and lower levels used in the shear calcula-
tion. The factor 0.5(1-cosθ) ranges from 0.0 when the
two vectors are parallel and in the same direction, to
1.0 when the vectors are directed opposite. The outer-
most value of 0.5 is simply a scaling so that the trans-
formed shear in opposed flow has the same magnitude
as the shear, while it is reduced to 0.5 of the magnitude

of the shear in parallel flow. While one must be care-
ful in using any ‘index’ such as this as a substitute for
an understanding of the processes involved (see the
discussion in Doswell et al. 1996), it does provide a
means of automatically searching very large datasets.
(It must also be recognised that there is no allowance
for the relative speeds in the upper and lower levels –
the same result will be achieved for a given value of S
in directly opposed flow whether the lower speed is
0.1 or 10 m s-1.) Calculating XS does clearly identify

Mills and Pendlebury: Wind shear at Hobart Airport 185

Fig. 15 Southwest-northeast cross-section across the
west coast of Tasmania of potential tempera-
ture (solid contours, contour interval 2K) and
vertical motion (dashed contours, longer dash-
es indication ascending air, contour interval 10
hPa h-1) from the 0.1° mesoscale model fore-
cast valid at 2200 UTC 20 January 1997. The
model topography is indicated by the asterices.
The location of the cross-section is shown in
Fig. 8(d).

Fig. 16 Forecast potential temperature (contour inter-
val 2K) and streamlines on the 900 hPa surface
from the 0.1° mesoscale model forecast valid at
2200 UTC 20 January 1997.

Fig. 17 Forecast fields of transformed shear (see text
for details) from the 0.1° mesoscale model
forecast valid at 2200 UTC 20 January 1997,
and at 0200 UTC 21 January 1997. Contours
are at 1 m s-1 intervals.



(Fig. 17) the strong shear zone that develops near
Bruny Island between 2200 UTC and 0200 UTC in the
NWP model forecast used in this paper.
Fields of XS were calculated from each 18-hour

forecast valid at 0500 UTC (0600 UTC after 20 March
2002) for each day of December – March inclusive for
each of the above three summers. Transformed shears
XS between the lowest model sigma level (0.9988),
and levels 2-10 (level 10 is at sigma = 0.875, approxi-
mately 1100m) were calculated on the model grid, and
the highest value of XS at each of these levels in a
0.5°x0.5° rectangular area (16 grid-points) over Storm
Bay was extracted. It was found that there was consid-
erable variation in the level at which the value of XS
showed a marked increase, suggesting that there is
considerable variation in the forecast depth of these
shear layers. Indeed, if they are seen as a progressive
penetration of a shallow, but deepening layer, then the
most significant level should vary spatially at a given
time, and temporally at a given location. However it
was found that XS at model level 7 or 8 (approx 500
m and 750 m above ground) was generally a good
indicator. The distribution of these shears for the three
warm seasons is compared with observations for the
period in Fig. 18.  
The observed distribution of surface-2000 ft XS

for the 2000, 2001, and 2002 summers (Fig. 18(a)) is
quite similar to that of the longer period, although
without the isolated very high values seen in the
longer term climatology. The model shears at levels
7 and 8 show a lesser number of very low shears
than observed, a median a little higher than that of
the observed distribution, and a lesser tendency for a
long ‘tail’ than in the observations. Qualitatively this
distribution suggests that the model climatology is
not too different to the observed, and given that the
model profile and the observed profiles are not
exactly equivalent, it should perhaps be seen as grat-
ifying that the model reproduces the observed cli-
matology that closely. As a point of comparison, the
observations show XS greater than 8 m s-1 on nine
occasions through the three summers, while the
model values show XS (level 7) exceeded 7 m s-1 on
eleven occasions, and the level 8 value exceeded 8 m
s-1 on 14 occasions (it should be noted that the level
7 exceedence set is not a subset of the level 8 set due
to the issue of varying critical levels as discussed
above, although there are seven common cases). The
arrows in Fig. 18(b), (c) show the values of XS at
those levels from the research model run for January
21 1997, and are seen to be larger than any forecast
by the operational model. An equivalent arrow in
Fig. 18(a) shows that the observed value on the 21
January 1997 also exceeded any observation in that
three-year period. 

There is no wholly satisfactory way to objectively
verify these forecasts, given that the events of the
magnitude of 21 January 1997 are very rare, that
direct matchups with radiosonde data are a particular-
ly harsh verification given the potential for the model
to be slightly in error in timing or location, and that
the representivity of the radiosonde observation,
being point in time and space, raises issues when
comparing with the spatial information available from
the model. Accordingly, two subjective assessments
were made:
(a) for the nine cases when the 0500 UTC radiosonde
profile showed XS > 8 m s-1 in the 10 m – 600 m
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Fig. 18 Histograms of frequency of occurrence of
transformed shear during the warm seasons of
1999-2000, 2000-2001, and 2001-2002 at
Hobart Airport observations (a), and at model
levels 7 (b) and 8 (c) from the operational
meso-LAPS model over Storm Bay. The labels
on the abscissa indicate shear falling into the 1
m s-1 range up to the label value.

(a)

(b)

(c)
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layer, how useful was the model forecast for that
time?

(b)for the 18 cases where the model forecast XS > 7
m s-1 (level 7) OR XS > 8 m s-1 (level 8), what did
the observations show? 
Given that the comparison is not rigorous, and that

there is a large number of variations in the detailed
structure and evolution of individual events, only
broad points will be made:
• Of the nine cases where observed shear thresholds
were exceeded, the model forecast southeasterly
winds undercutting winds with a northerly compo-
nent in the region of  Storm Bay on eight occa-
sions, although the timing and location of maxi-
mum wind shears could be up to 2-3 hours and 100
km in error. On the ninth occasion, the model
‘tried’ to turn the winds to the southeast, in that the
northerly winds weakened and turned near the sur-
face, but the forecast forcing appears to have been
inadequate to generate a complete flow reversal
near the surface.

• Of the eighteen cases where the model shears were
exceeded at either model levels 7 or level 8, eleven
were in straight, very strong flows. In these cases,
the model low-level winds were weaker than
observed, leading to stronger shears than observed
at Hobart Airport, but synoptically the model pro-
vided good guidance.

• Of the other seven cases, the model forecast under-
cutting southeasterlies in Storm Bay, in good qual-
itative agreement with observations.

• In both sets of comparisons, when either model or
observed thresholds were exceeded, the values of
the shears in both cases were higher than the mean
values.
In summary, while the objective point verifications

of shear forecasts at Hobart Airport might appear dis-
appointing, it does appear that the rapid evolution and
detailed spatial structure of these mesoscale circula-
tion systems are such that useful qualitative guidance
is provided from the operational models, if sufficient-
ly detailed examination of the outputs is made. 
The visual inspection of the forecast charts for the

three summers shows that in the majority of cases the
mesoscale model forecasts some form of lee/heat low
over Tasmania during the daylight hours. In most of
these cases highly ageostrophic surface flows are
seen, with the winds blowing directly down the pres-
sure gradient towards the low centres. These lows are
generally located on the downstream side of the
Tasmanian landmass, and are predicted to be quite
mobile during the day. (In an unpublished note John
Whitehead assessed that such lee/heat lows occurred
on at least 44 of the 62 days of Decemeber 1977 –
January 1978.)

Concluding remarks
In this study a very plausible hypothesis has been
made for the sequence of processes that acted to bring
together a pattern of strong, low-level wind shear over
Hobart Airport in the early afternoon of 21 January
1997. While the synoptic-scale flow was from the
northwest, two processes acted together to produce a
strong acceleration of the winds towards the north-
west over Storm Bay. The first of these was the devel-
opment of a low-pressure system over southeastern
Tasmania in response to surface heating in a pre-exist-
ing hot airstream. The second was the movement of a
mesoscale high-pressure system around the south
coast of Tasmania during the morning hours. This
mesoscale high, which was associated with low-level
temperature (density) gradients originally generated
during coastal frontogenesis along the Australian
mainland the previous day and modified during the
subsequent over-water trajectory and interaction with
the Tasmanian orography, generated an on-shore PGF
which backed the winds in the offshore cooler mar-
itime internal boundary layer to enhance the coastal
temperature gradient, and thus enhanced the pressure
gradient perturbation which led to the shallow incur-
sion of maritime air over Hobart Airport.
While a transformed shear parameter has been

developed to identify strong shear events associated
with undercutting flows in model output, and this can
also be applied to the observational data, it is not
claimed that this parameter should necessarily be
used as an indicator of the likelihood of the intensity
of the effect on an aircraft. However, it does identify
these "undercutting" shear events, and it seems plau-
sible that such events may well concentrate the shear
through a very shallow stable layer, and so the verti-
cal shear gradient may be much stronger than in cases
where the shear is generated in more or less unidirec-
tional flow.
It has been shown that the shears observed at

Hobart Airport on this day were among the highest
recorded over thirty years of upper-air data, although
the question of the adequacy of the upper wind obser-
vation record for performing a definitive analysis
must be asked, given such events are likely to last for
a time shorter than the period between upper air
flights. However, given that "Storm Bay" lows are a
regular feature of the summertime meso-meteorology
of southern Tasmania, then the question of why this
event was so extreme remains open. Indeed, the low-
ering of pressures over land in response to daytime
heating and the development of an onshore flow
could be seen in isolation as a sea breeze. Past efforts
to determine the time of onset of sea breezes at Hobart
Airport (Wyatt 1963; Whitehead 1972) show that the



sea breeze is unlikely to occur at Hobart Airport if the
northwesterly wind through the mixed layer exceeds
10 m s-1. Figure 13 would indicate that that threshold
was well exceeded in this case. Thus it appears that
the ridging south of Tasmania and the enhanced den-
sity gradient south of Storm Bay generated by the
positive feedback process of backing winds in the off-
shore marine IBL is the ingredient which made this
event extreme. As the initial formation, or at least
identification, of this small high occurred as an ele-
vated frontal zone reached, and perhaps interacted
with, the western orography of Tasmania, further
examination of the effect of these elevated fronts as
they affect southern Tasmania is warranted.
The hindcast NWP model simulation of the

January 1997 event was quite realistic. An analysis of
the ability of the operational mesoscale NWP model
to predict low-level southerly wind surges shows that
qualitatively useful guidance is available, although
the model shear layers tend to be a little deeper than
observed, and that there can be small timing and loca-
tion errors.  
This case has considerable parallel with the

aspects of the Victorian coastal frontogenesis case on
the same day (Mills, 2002). The same elevated front
provided larger scale control, while a combination of
terrestrial heating and cooler marine internal bound-
ary layer air led to different manifestations of cool-air
surging along the separate coastlines. In both cases
rapidly evolving, highly ageostrophic circulations are
simulated near the coastlines, and the mesoscale
model guidance provides a dynamically-consistent
framework within which to interpret observations of
these circulations.
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